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Abstract
Background: Despite global improvements in maternal and newborn health (MNH), maternal, fetal and newborn
mortality rates in Pakistan remain stagnant. Using data from the Global Network’s Maternal Newborn Health
Registry (MNHR) the objective of this study is to compare the rates of maternal mortality, stillbirth and newborn
mortality and levels of putative risk factors between the Pakistani site and those in other countries.
Methods: Using data collected through a multi-site, prospective, ongoing, active surveillance system to track pregnancies
and births in communities in discrete geographical areas in seven sites across six countries including Pakistan, India, Kenya,
Zambia, Guatemala and Argentina from 2010 to 2013, the study compared MNH outcomes and risk factors. The MNHR
captures more than 60,000 deliveries annually across all sites with over 10,000 of them in Thatta, Pakistan.
Results: The Pakistan site had a maternal mortality ratio almost three times that of the other sites (313/100,000 vs
116/100,000). Stillbirth (56.5 vs 22.9/1000 births), neonatal mortality (50.0 vs 20.7/1000 livebirths) and perinatal
mortality rates (95.2/1000 vs 39.0/1000 births) in Thatta, Pakistan were more than twice those of the other sites.
The Pakistani site is the only one in the Global Network where maternal mortality increased (from 231/100,000 to
353/100,000) over the study period and fetal and neonatal outcomes remained stagnant. The Pakistan site lags
behind other sites in maternal education, high parity, and appropriate antenatal and postnatal care. However,
facility delivery and skilled birth attendance rates were less prominently different between the Pakistani site and
other sites, with the exception of India. The difference in the fetal and neonatal outcomes between the Pakistani
site and the other sites was most pronounced amongst normal birth weight babies.
Conclusions: The increase in maternal mortality and the stagnation of fetal and neonatal outcomes from 2010 to 2013
indicates that current levels of antenatal and newborn care interventions in Thatta, Pakistan are insufficient to protect
against poor maternal and neonatal outcomes. Delivery care in the Pakistani site, while appearing quantitatively
equivalent to the care in sites in Africa, is less effective in saving the lives of women and their newborns. By the metrics
available from this study, the quality of obstetric and neonatal care in the site in Pakistan is poor.
Trial registration: The study is registered at clinicaltrials.gov [NCT01073475].
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Background
The time around delivery and the postnatal period is the
most vulnerable for both mother and newborn. Annually
almost 300,000 maternal deaths [1], over two and half
million stillbirths [2] and a similar number of neonatal
deaths [3] occur worldwide, the majority occurring during delivery and in the early postpartum period. Over the
last 25 years there have been substantial improvements
in maternal and newborn outcomes in many countries
[4]. However, the progress has been uneven, drawing the
inequities in maternal and neonatal health between and
within countries into sharper focus [5]. While the preponderance of these deaths occur in South Asia and subSaharan Africa [6], there are countries such as Rwanda
[7] that have made substantive strides in reducing both
maternal and neonatal mortality. Unfortunately, other
countries have been less successful. In fact, about a quarter of countries with the poorest outcomes have made
insufficient progress or none at all [8].
In South Asia, Pakistan is one of the countries where
maternal mortality ratios (MMR) and neonatal mortality
rates remain stagnant. The Pakistan Demographic and
Health Survey (PDHS) 2012-13 reports a perinatal mortality rate of 75 per 1000 pregnancies and neonatal mortality
rate of 55 per 1,000 live births [9]. The neonatal mortality
rate was not substantially different between PDHS 199091 and PDHS 2012-13. Over the same period there was a
19% reduction in infant mortality and 24% reduction in
under-5 mortality in Pakistan [9]. While progress towards
the health-related Millennium Development Goals has
been limited in Pakistan overall, the inability to provide
safe delivery and postpartum care are the most glaringly
inadequate.
A recent report on early neonatal mortality and stillbirth estimates that a child being delivered in Pakistan
has the highest risk in the world of both intrapartum
stillbirth and death on the day of birth [10]. In comparison to its neighbors as well as developing countries with
a similar level of economic development and international investment in MNH worldwide, Pakistan has had
remarkably limited success in reducing maternal and
newborn deaths [11]. In many of the countries with similarly poor peripartum outcomes, there are clear explanatory factors for poor maternal and newborn outcomes.
For example, Sierra Leone, Somalia and Guinea-Bissau
experience grinding poverty, which likely explains poor
outcomes in these countries. In comparison, Pakistan has
a gross national income per capita at least twice as high,
yet still has MNH outcomes worse than all the aforementioned countries in sub-Saharan Africa. HIV infection
significantly undermines maternal newborn health and
may contribute to poor outcomes [12], but the HIV
infection rate amongst Pakistani women presenting for
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antenatal care remains remarkably low, so cannot
account for poor outcomes in Pakistan [13]. Even wartorn, neighboring Afghanistan has made greater strides
in improving MNH outcomes than Pakistan [14].
Attempts to explain the failure of Pakistan to improve
maternal and newborn health have focused on the situation in-country. At the macro level, the lack of female
education, a high rate of population growth, a lack of
integration between vertical healthcare programs with
overlapping objectives, poor penetration of known lifesaving healthcare interventions, low birth weight and
poverty have been highlighted as possible reasons for
poor MNH outcomes [11,15].
The Global Network for Women’s and Children’s
Health Research’s Maternal Newborn Health Registry
(MNHR) [16] provides a unique opportunity to compare
MNH outcomes and putative explanatory factors at a
surveillance site in Pakistan with sites in six other countries with comparable economic and developmental indicators. The purpose of this paper is to compare the rate
of maternal mortality, stillbirth and newborn mortality
between the site in Thatta, Pakistan and six other sites in
the Registry, including two sites in India, as well as sites
in Kenya, Zambia, Argentina and Guatemala.

Methods
We used data collected by the Eunice Kennedy Shriver
National Institute of Child Health and Human Development (NICHD)’s Global Network for Women and Children’s Health Research, a multi-site, prospective, ongoing,
active surveillance system to track pregnancies and births
in 100 clusters in Corrientes, Argentina; Chimaltenango,
Guatemala; Nagpur District and Karnataka District, India;
western Kenya; Thatta District, Pakistan; and Lusaka,
Zambia [16]. These sites were selected by the NICHD to
represent rural or semi-urban geographical areas in low to
upper-middle income countries. The number of clusters
varies from a minimum of six in Corrientes, Argentina to
twenty-four in Belgaum, Karnataka, India, including
twenty in Thatta, Pakistan.
The study site(s) in each country are described in detail
elsewhere [17]. Thatta, the site in Pakistan, is a predominantly rural district bordering the two largest cities in the
province of Sindh, Karachi and Hyderabad. Despite its
close proximity to these urban centers, in 2003, Thatta
was ranked 64 th of 91 districts in the country on the
Human Development Index [18]. More recent reports
show the education sector, in particular, lags behind the
rest of the country. Thatta has the lowest educational
attainment score in the province and is ranked amongst
the 5 lowest in the country [19]. On the other hand,
Thatta does have a large number of health care providers,
spread throughout the district and the proportion of
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women delivering at health care facilities is higher than
the national average [20].
Through the MNHR, all pregnant women who are
residents of the study clusters are recruited, enrolled,
and followed to delivery and the post-partum period.
Information about the health of the mother and infant
during the antenatal, labor and delivery and postnatal
period is collected. Each cluster has a minimum of 300
deliveries per year and data from all consenting pregnant women are included in the MNHR database. The
MNHR is described in detail elsewhere [16].
In brief, information on the eligible pregnant women
and their babies is obtained at three time points. The
first visit, at enrollment, ideally occurs by week 20 of
gestation and information on the date of last menstrual
period, estimated delivery date, age, level of schooling,
parity, and status of last child born is collected. The second visit occurs within 48 hours of delivery and information collected includes prenatal care, birth preparedness,
complications occurring during pregnancy, details of
labor and delivery, including place, mode of delivery, provider and practices birth weight, status of the mother and
newborn following delivery, referrals, and treatment provided to the mother and newborn at referral facilities.
Interval maternal and newborn health and vital status is
assessed at a third visit on day 42 after birth. The same
study protocol and similar operational mechanisms are
implemented at all the sites across the Network.
The study has been reviewed and approved at all of the
involved institutions’ ethics review committees including
the committees in the US institutions that partnered with
each of the foreign sites. A Data Monitoring Committee
appointed by NICHD reviews the MNHR data on an
annual basis. All women provide consent to participate in
the MNHR study.

Analysis
We compared the data collected in Kenya, Zambia,
Argentina, Guatemala and the two sites in India with
that from Pakistan for the years 2010-2013. Results
from the sites are grouped into those from India, from
Africa and from Latin America. Data were entered at
each study site, where data edits were performed prior
to transmission to a central data center (RTI International, Durham, NC) where additional data edits were
performed.
Data were analyzed centrally and statistical analyses
performed using SAS v. 9.3. Descriptive analyses are
reported for the delivery and health care characteristics,
stratified by region. We modeled the risk of maternal
mortality, stillbirth, and neonatal mortality and calculated
point and interval estimates of risk ratios using multivariable generalized linear regression models; we used generalized estimating equations to account for correlation of

Page 3 of 10

outcomes within clusters to assure appropriately sized pvalues and confidence intervals. To evaluate changes in
outcomes over times, we modelled year of delivery and
tested for trends across time with an orthogonal polynomial linear contrast.

Results
Over the four years (2010-2013), data on a total of
48,273 pregnancies in Pakistan and 221,437 pregnancies
in the six other sites were collected. Across all sites,
among those enrolled, follow-up at 6 weeks after delivery was 98.4% (ranging from 97.5% to 99.9%). In this
sample, the Pakistani site had a maternal mortality ratio
(MMR) almost three times that of the sites. Similarly,
the stillbirth, neonatal mortality and perinatal mortality
rates in Pakistan were more than twice that of the other
sites (Table 1).
All of the sites in the Network except Pakistan have seen
a reduction of one third or more in the adjusted MMR
over the study period. The MMR in Thatta, Pakistan rose
more than 50% from 219 per 100,000 live births in 2010 to
333 in 2013. This increase in the MMR represents a statistically significant trend over the study period (p=0.0325).
At the other sites there has been a declining trend with
the reduction in MMR at the Indian sites reaching statistical significance (p=0.0409) (Table 2).
The stillbirth, perinatal mortality and neonatal mortality
rates remained essentially unchanged in Pakistan between
2010 and 2013. In contrast, each of the other sites had significant reductions in at least one indicator related to the
fetus/newborn. In the Indian sites, there was a reduction
of over 20% in the stillbirth rate, with a significant trend
(p=0.0003), whereas in the African sites 28-day neonatal
mortality fell by one-third (p=0.045). In the sites in Latin
America, both the stillbirth rate (p=0.049) and the perinatal mortality rate (p=0.005) decreased by almost 20% each.
Thus, adverse newborn outcomes in Pakistan were twice
as high as any of the other sites in 2010 and the improvements at the other sites over the study period increased
that difference to almost three times in 2013 (Table 2).
Reviewing maternal characteristics, which could
explain the large differences in maternal outcomes
between the Pakistan site and the sites across India,
Africa and in Latin America, education and parity were
notably different in the Pakistan site. More than 80% of
the pregnant women in the Pakistani site had no formal
education compared to a combined rate of 12.5% across
the other sites. Women in the Pakistani site were more
likely to have a higher parity than any of the other sites.
More than a quarter of the women had a parity of more
than 4 at the time of the included pregnancy and mean
parity was twice that of the other sites. Maternal age and
body mass index (BMI) were not substantially different
between the Pakistani and the other sites. In fact, the
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Table 1. Maternal, fetal and neonatal mortality rates (2010-2013) in the NICHD Global Network’s Maternal Newborn
Health Registry sites, comparing Thatta, Pakistan with sites in India, Africa and Latin America
Pakistan

India

Africa

Latin America

Sites

Thatta,
Sindh

Nagpur,
Maharashtra
Belgaum,
Karnataka

Kafue/Chongwe,
Zambia
Western Province,
Kenya

Chimaltenango,
Guatemala
Corrientes, Argentina

Births, N

48,868

119,785

63,976

39,557

20

40

30

22

144 (313)

142 (122)

76 (121)

35 (90)

253 (116)

2,760 (56.5)

3,068 (25.6)

1,356 (21.2)

681 (17.2)

5,105 (22.9)

Clusters, N
42-day maternal mortality ratio, n (rate/
100,000 LB)
Stillbirth, n (Rate/1,000)

Total except
Pakistan

223,318

Perinatal mortality, n (Rate/1,000)

4,589 (95.2)

5,303 (44.3)

2,188 (34.4)

1,197 (30.4)

8,688 (39.0)

28-d Neonatal mortality, n (Rate/1,000)

2,270 (50.0)

2,755 (23.6)

1,020 (16.4)

719 (18.6)

4,494 (20.7)

BMI of Pakistani and Indian women was similar to each
other, whereas, the BMI for women at the sites in Africa
and Latin America was higher than the Asian sites. We
examined the mean height of women in the different
sites. Pakistani women were about 3 cm taller than the
women in the Indian and Latin American sites, but
shorter than the women in the African sites. Another
explanatory factor for poor maternal and neonatal

outcomes may be the dearth of antenatal care for women
in Pakistan. They are less likely to have at least three
antenatal care visits, immunization with tetanus toxoid
and prenatal iron/vitamin supplementation than women
at any of the other sites (Table 3).
With regard to delivery care, the Pakistani site differs
significantly from the Indian sites but not as much from
the other sites. In the Pakistani site, approximately 45%

Table 2. Maternal mortality ratios and stillbirth, neonatal and perinatal rates and the percent change 2010 and 2013,
for Thatta, Pakistan and the Indian, African and Latin American sites
Sites

Pakistan

India

Africa

Latin America

Thatta, Sindh

Nagpur, Maharashtra
Belgaum, Karnataka

Kafue/Chongwe, Zambia
Western Province, Kenya

Chimaltenango, Guatemala
Corrientes, Argentina

219 (159, 302)

153 (117, 200)

143 (95, 216)

136 (75, 244)

42-day maternal mortality ratio/100,000 deliveries
2010 adjusted risk estimate [95% CI]
2013 adjusted risk estimate [95% CI]

333 (233, 476)

98 (66, 146)

88 (56, 138)

70 (31, 154)

Change 2010 to 2013 (%)

54.3% increase

35.9% decrease

38.5% decrease

48.5% decrease

0.0325

0.0409

0.1825

0.1724

2010 adjusted risk estimate (95% CI)

55.1 (49.5, 61.3)

30.0 (27.4, 32.9)

23.7 [19.6, 28.6]

19.2 (15.9, 23.1)

2013 adjusted risk estimate (95% CI)

58.3 (51.0, 66.6)

23.4 (21.5, 25.3)

20.6 [16.8, 25.4]

15.4 (12.8, 18.4)

5.8% increase

22.0% decrease

13.1% decrease

19.8% decrease

0.7550

0.0003

0.7192

0.0489

2010 adjusted risk estimate (95% CI)

48.5 (42.3, 55.7)

25.5 (23.1, 28.2)

20.7 (16.7, 25.7)

19.5 (14.7, 25.9)

2013 adjusted risk estimate (95% CI)

46.7 (40.9, 53.4)

25.6 (23.6, 27.7)

13.9 (11.6, 16.6)

18.7 (16.1, 21.7)

3.7% decrease

0.4% increase

32.9% decrease

4.1% decrease

0.2609

0.5975

0.0449

0.3984

2010 adjusted risk estimate (95% CI)

91.6 (83.1, 100.8)

49.8 (45.9, 54.1)

39.7 (34.0, 46.5)

34.1 (28.9, 40.3)

2013 adjusted risk estimate (95% CI)

93.2 (83.8, 103.7)

43.4 (40.9, 46.0)

32.3 (27.0, 38.6)

28.0 (24.6, 31.9)

1.7% increase

12.9% decrease

18.6% decrease

17.9% decrease

0.5501

0.0089

0.3437

0.0050

P-value for 2010-2013 trend test
Stillbirth, rate/1,000 births

Change 2010 to 2013 (%)
P-value for 2010-2013 trend test
28-d Neonatal mortality, rate/1,000 live births

Change 2010 to 2013 (%)
P-value for 2010-2013 trend test
Perinatal mortality, rate/1,000 births

Change 2010 to 2013 (%)
P-value for 2010-2013 trend test

*The mortality risk estimates were adjusted for study cluster.
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Table 3. Maternal characteristics and antenatal care provision (2010-2013) in the NICHD Global Network’s Maternal
Newborn Health Registry site in Thatta, Pakistan compared with sites in India, Africa and Latin America

Sites

Deliveries, N*

Pakistan

India

Africa

Latin America

Thatta, Sindh

Nagpur,
Maharashtra
Belgaum, Karnataka

Kafue/Chongwe,
Zambia
Western Province,
Kenya

Chimaltenango,
Guatemala
Corrientes, Argentina

48,273

118,889

63,259

39,289

Total except
Pakistan

221,437

Maternal age, N (%)
< 20

1,854 (3.9)

8,389 (7.1)

14,745 (23.3)

7,479 (19.1)

30,613 (13.8)

20-35

43,563 (90.6)

110,149 (92.7)

44,725 (70.8)

27,891 (71.1)

182,765 (82.6)

> 35

2,682 (5.6)

245 (0.2)

3,684 (5.8)

3,867 (9.9)

7,796 (3.5)

Maternal education, N (%)
No formal education

39,972 (83.2)

17,596 (14.9)

3,960 (6.3)

5,954 (15.2)

27,510 (12.5)

Primary

3,651 (7.6)

33,058 (28.0)

40,498 (64.3)

24,659 (63.0)

98,215 (44.6)

Secondary

2,818 (5.9)

52,423 (44.3)

16,787 (26.6)

8,102 (20.7)

77,312 (35.1)

University or higher

1,629 (3.4)

15,150 (12.8)

1,783 (2.8)

444 (1.1)

17,377 (7.9)

10,027 (20.8)

52,708 (44.5)

16,401 (26.0)

11,417 (29.1)

80,526 (36.5)

Parity, N (%)
0
1-2

15,409 (32.0)

59,356 (50.1)

24,088 (38.1)

14,336 (36.6)

97,780 (44.3)

3-4

10,535 (21.9)

5,805 (4.9)

14,105 (22.3)

6,723 (17.1)

26,633 (12.1)

>4

12,171 (25.3)

516 (0.4)

8,582 (13.6)

6,736 (17.2)

15,834 (7.2)

Parity, Mean (n, std)

3.0 (48,142, 2.8)

0.8 (118,385, 0.9)

2.1 (63,176, 2.0)

2.3 (39,212, 2.5)

1.5 (220,773, 1.8)

BMI**, Mean (n, std)

21.0 (47,992, 3.6)

20.0 (113,192, 2.8)

23.3 (27,476, 3.3)

26.5 (19,541, 4.2)

21.4 (160,209, 3.9)

154.5 (48024,
5.7)

151.8 (113574, 5.5)

158.4 (27544, 6.4)

150.8 (25473, 7.9)

152.7 (166591, 6.6)

Maternal height, cm, Mean (n,
std)
ANC visits, N (%)
0

3,139 (11.2)

32 (0.1)

357 (1.1)

463 (1.9)

852 (0.7)

1-2

12,946 (46.0)

4,902 (8.0)

6,879 (21.7)

2,491 (10.3)

14,272 (12.2)

≥3

12,064 (42.9)

56,174 (91.9)

24,393 (77.1)

21,316 (87.8)

101,883 (87.1)

Tetanus toxoid vaccine, N (%)

25,074 (52.0)

118,561 (99.8)

58,503 (92.5)

28,436 (72.9)

205,500 (93.0)

Vitamins/Iron, N (%)

31,533 (65.4)

118,087 (99.5)

60,159 (95.1)

35,152 (89.9)

213,398 (96.6)

*Numbers less than the total reflect missing data **BMI data unavailable for Kenya site

of deliveries take place at home or a location outside a
health care facility. In the Indian sites, this number is
less than 6%. On the other hand, in the Latin American
sites, 42% of deliveries occur outside a health care facility and in Africa about half occur outside a health facility. A similar variation occurs for delivery attendants: in
the Indian sites only 5% of deliveries are conducted by
non-skilled personnel, whereas in the Latin American
sites 41%, in the Pakistani site, 48% and in the African
sites 51% of the deliveries are conducted by non-skilled
personnel. Likewise, the Pakistan site is not significantly
different in terms of deliveries that end in caesarean section. The percentage of operative deliveries range from
1.3% in the African sites to 22.8% in the Latin American
sites: The Pakistani (9.4%) and Indian sites (15.9%) fall
between these rates (Table 4).

Simple indicators for quality of delivery care show that
while Pakistani women may be as likely to have a facilitybased delivery and skilled birth attendance as women in
the Latin American sites or the African sites, the quality of
that care is poorer. In the Pakistani site, only three-quarters of delivery attendants used gloves during the delivery
compared to more than 97% in all other sites. Similarly,
the fetal heart rate was measured in less than half of the
deliveries in the Pakistani site, compared to more than
80% in the other sites. Postnatal care is substantially worse
in the Pakistani site than in the other sites as evidenced by
much lower rates of skin-to-skin (2.0% vs. 29.0%), medicinal cord care (6.2% vs. 40.4%), immunization (1.4% vs.
24.9%), and early initiation of breast-feeding (22.1% vs.
82.7%), with the latter percentages representing the mean
rates of the other sites, combined.
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Table 4. Delivery care (2010-2013) in the NICHD Global Network’s Maternal Newborn Health Registry site in Thatta,
Pakistan compared with sites in India, Africa and Latin America
Pakistan
Sites
Deliveries, N

Thatta, Sind

India

Africa

Latin America

Total except Pakistan

Nagpur, Maharashtra Kafue/Chongwe, Zambia Chimaltenango, Guatemala
Belgaum, Karnataka Western Province, Kenya
Corrientes, Argentina

48,273

118,889

63,259

39,289

221,437

Hospital

13,913 (28.9)

Clinic

11,986 (24.9)

80,472 (67.7)

8,048 (12.7)

21,605 (55.0)

110,125 (49.8)

31,440 (26.5)

23,569 (37.3)

1,350 (3.4)

56,359 (25.5)

Home/Other

22,313 (46.3)

6,889 (5.8)

31,638 (50.0)

16,328 (41.6)

54,855 (24.8)

12,355 (25.6)

70,260 (59.1)

1,343 (2.1)

19,865 (50.6)

91,468 (41.3)

Nurse/Midwife/HW

12,822 (26.6)

42,441 (35.7)

29,829 (47.2)

3,204 (8.2)

75,474 (34.1)

TBA

21,742 (45.1)

3,058 (2.6)

23,111 (36.5)

16,069 (40.9)

42,238 (19.1)

1,306 (2.7)

3,083 (2.6)

8,973 (14.2)

142 (0.4)

12,198 (5.5)
190,991 (86.3)

Delivery location, N (%)

Birth attendant, N (%)
Physician

Family/Other
Delivery mode, N (%)
Vaginal

40,671 (85.1)

99,041 (83.4)

61,657 (97.5)

30,293 (77.1)

Vaginal assisted

2,664 (5.6)

741 (0.6)

739 (1.2)

39 (0.1)

1,519 (0.7)

C-section

4,485 (9.4)

18,912 (15.9)

853 (1.3)

8,949 (22.8)

28,714 (13.0)

36,922 (76.7)

114,844 (97.4)

61,988 (98.4)

38,511 (98.9)

215,343 (97.9)

47,107 (97.9)

116,381 (99.3)

62,386 (99.0)

26,818 (72.9)

205,585 (94.7)

48,221

118,838

63,256

39,284

221,378

20,444 (42.4)

114,743 (96.6)

40,380 (63.8)

28,339 (72.1)

183,462 (82.9)

966 (2.0)

34,320 (29.0)

15,152 (24.0)

14,451 (37.1)

63,923 (29.0)

48,381

118,636

63,240

39,045

220,921

2,978 (6.2)

44,579 (37.6)

19,967 (31.6)

24,734 (63.3)

89,280 (40.4)

48,379

118,010

63,240

38,800

220,050

698 (1.4)

30,025 (25.4)

7,034 (11.1)

17,769 (45.8)

54,828 (24.9)

10,726 (22.1)

96,896 (83.4)

53,858 (84.5)

30,629 (77.8)

181,383 (82.7)

BA Gloves, N (%)
Yes
Clean razor, N (%)
Yes
Fetal heart rate taken, N (%)
Yes
Placed skin-to-skin after birth,
N (%)
Yes
Medicinal cord care, N (%)
Yes
Immunization, N (%)
Yes
Breast feeding within 1 hour,
N (%)
Yes

The Pakistani site has the highest proportion of children born with a birth weight below 2500 g (17.9%). In
comparison, the proportion of low birth weight (LBW)
babies is 15.5% in the Indian sites, 11.5% in Latin America and only 4.7% in the African sites. In looking at
mortality rates amongst extremely low birth weight
babies and very low birth weight babies, in both the
Pakistani and the African sites, approximately one in ten
fetuses/neonates weighing less than 1500 g survive. At
the Indian and Latin American sites, almost twice or
three times as many newborns survive. Amongst babies
with a birth weight between 1500-2499 g, the situation
is similar, with babies in both Pakistan and the African
sites at equally high risk of a poor outcome and babies
at the Indian and Latin American sites faring better.

The difference in mortality rates between the Pakistani
site and the other sites is accounted for by the babies
that are born with a birth weight ≥2500 g with the
Pakistani site having mortality outcomes in infants
weighing ≥2500 g at least twice as high as any of the
other sites (Figure 1).

Discussion
The MNHR is a network of surveillance sites, which provide detailed data in seven specific geographic sites in six
countries across three continents. In the absence of wellfunctioning vital registration mechanisms in these countries, such demographic surveillance sites can provide
detailed information not otherwise available. It is particularly useful for comparisons between the sites as data
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Figure 1 Stillbirth and Neonatal mortality rates by birth weight (2010-2013) in the NICHD Global Network’s Maternal Newborn Health Registry
site in Thatta, Pakistan compared with sites in India, Africa and Latin America

gathering mechanisms are similar, applying standard definitions across the sites in the three continents.
The MNHR demonstrates the large and growing crosscountry disparity in newborn and particularly maternal
outcomes from 2010 to 2013. The site in Pakistan fares
worse than those in neighboring India and also lags well
behind the sites in both Latin America and Africa. These
data confirm the findings of recent national demographic
and health surveys in these countries and other estimates
for maternal mortality, stillbirth rates as well as perinatal
and neonatal mortality. There is also a lack of improvement in newborn health outcomes in the Pakistani site
over the study period, which is also reflected in the stagnating rates over interval measurements by serial national
level surveys [9].
Particularly concerning is the increase in the measured
maternal mortality ratio over the study period in Thatta,
Pakistan. Even though maternal mortality is a relatively
rare outcome, the MNHR captured a statistically significant increasing trend in the MMR in the Pakistani site.
PDHS 2006-07 provided the last population-based MMR
estimate in the country (276/100,000 live births) [10].
Subsequently, a projection of 260 was made in 2010
using a statistical model [21]. Most recently, an MMR of
299 was estimated using facility-based data from 2011
[22]. The burden of disease analysis projects an MMR of
400/100,000 live births in Pakistan in 2013 [1]. The
MNHR, which identifies maternal deaths prospectively
amongst an existing cohort of pregnant women in the

catchment area has maternal mortality ratios that correlate closely with the most recent Burden of Disease Project estimates [1].
Amongst the underlying differences that may explain
the disparate MNH outcomes across the sites, one of
the starkest differences between Pakistan and the other
sites is in maternal education. Nisar et al have described
a significant increase in the risk of neonatal mortality
associated with a lack of parental education in Pakistan
during the 2006-07 PDHS [15]. Similarly, the findings of
the WHO Multi-country Survey on Maternal and Newborn Health in Pakistan demonstrate the increased risk
of poor maternal outcome related to lack of education
[22]. Given that vast majority of women in the Pakistani
site lack any formal education, the impact of being
uneducated is likely to be considerable on both the
mother and the child.
Another maternal characteristic that may affect both
maternal and newborn outcomes and is significantly different between women at the Pakistani site and the
others is the average total parity of each woman. On
average, the parity of women at the site in Pakistan was
twice that of any of the other sites. The most notable difference was with the Indian sites, where almost half of all
pregnant women were nulliparous. The African and
Latin American sites had higher average parity than the
Indian sites; however, Pakistani women in Thatta were
almost twice as frequently grand multiparous than
women in the other sites. While a relationship between
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poor pregnancy outcome and grand multiparity has not
been previously demonstrated in Pakistan, there is substantive evidence from other developing countries that
high parity and reduced inter-pregnancy interval increase
the risk of poor maternal and perinatal outcomes [23,24].
Existing antenatal, delivery and postpartum care interventions, are proven to improve maternal and newborn
outcomes [25] and reduction in maternal and perinatal
mortality requires the appropriate, sustainable provision
of these services to those who need them most [26].
Examples include immunization for tetanus, and prenatal
iron-folate supplementation; these antenatal interventions have shown clear survival benefits for both mother
and baby [26]. Registry estimates for each of these factors
are consistent with PDHS 2012-13 estimates for Sindh
province and represent a significant improvement over
PDHS 2006-07. However, the wide differences between
the Pakistan and the other sites in uptake of antenatal
interventions such as iron-folate supplementation and
immunization for tetanus, are likely to be contributing
factors for the poor maternal and newborn outcomes in
Pakistan.
Delivery complications are responsible for half of all
maternal deaths, one-third of stillbirths and a quarter of
neonatal deaths [27-29]. These complications, which are
not easily predicted, usually first become apparent during
labor and often require timely facility-based management
to avert death and severe morbidity [30]. A lack of lifesaving delivery care may be attributed to an inability to
recognize an impending complication, failure to reach an
appropriate level of care in a timely manner, a lack of
appropriate care provision at the facility or to iatrogenic
causes, for example from unsafe labor augmentation or
unhygienic care practices [31]. Interestingly, the Registry
data do not demonstrate a large deficit in the proportion
of deliveries carried out at facilities or attended by skilled
birth attendants in the Pakistan compared to the African
and Latin American sites. On the other hand, the Indian
sites have made enormous progress towards universal
skilled attendance at the time of delivery. What is less
clear is whether the quality of the facility care in the Pakistan site is equal to that in the other sites. Indicators of
newborn care that should be the standard of care for
facility deliveries, e.g. cord care and newborn immunization are not widespread in any of the sites. However, the
Pakistan site fares particularly poorly in provision of
these key life-saving interventions that may also be
responsible for the high mortality rates.
There is variation in birth weight between the Pakistani
and Indian sites, which may explain a portion of the poor
newborn outcomes; however, the differences are not large
enough to account for multiple-fold difference in perinatal
and neonatal mortality rates. Furthermore, the excess
mortality in the Pakistan site is largely concentrated
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amongst normal birth weight babies. Comparing the
African and Pakistani sites, the proportion of babies born
with low birth weight are much higher in the latter; however, there is actually no difference in survival of infants
born with a weight below 2500 g in these sites. Neither
the Pakistani, nor the two African sites have made progress on saving the lives of low birth weight newborns.
However, the huge differential between maternal mortality, stillbirth rates and neonatal mortality amongst normal
weight babies suggests that neither the Pakistani nor the
African sites have managed to implement the higher level
of care required to save preterm and or LBW babies. The
African sites appear to have had more success in saving
the lives of full-term or normal weight babies. In addition
to this finding, the African sites have significantly fewer
LBW newborns, thus improving the outcomes overall.

Limitations
The Registry is limited to particular regions in each
country and may not be representative of the country as
a whole. However, sentinel surveillance sites, such as the
MNHR sites, can be used to signal trends and identify
changes in the burden of disease, providing a source of
data in the absence of robust vital registration systems.
While the HDI ranking of Thatta is in the bottom half
of districts in Pakistan, the presence of health care facilities and the relatively easy access to both Karachi and
Hyderabad for more advanced levels of care is better
than in many places in Pakistan. Thus changes in Thatta
may foreshadow national level trends and should signal
the need for early evaluation of maternal and neonatal
mortality in the country as a whole.
Women are enrolled in the Registry at approximately
20 weeks of gestation. Thus it is possible that some
maternal deaths early in pregnancy could have been
missed, although every maternal death known to the registry administrators was included in the statistics presented, even if they occurred prior to enrollment in the
registry. In sites such as Pakistan where unsafe abortions
are common, abortion related deaths might lead to an
overall underestimation of the MMR. For the purposes of
comparison, however, the methodology was consistent
across the sites. In addition, enrollment during the second trimester precluded measurement of pre-pregnancy
weight or weight gain during pregnancy, thus limiting the
ability to assess the impact of poor nutrition, which may
be a crucial factor in poor pregnancy outcomes in Pakistan. We also did not have data on caloric or vitamin
intake during pregnancy as collection of these types of
data was not practical for a large registry study.
Some factors that have been found to be associated
with poor maternal and newborn outcomes are not
included in this paper. For example, the Registry at the
Global Network sites collect data on anemia from
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women who have had a determination of hemoglobin
level during their routine antenatal care. However, in
Pakistan routine measurement of hemoglobin is rare,
thus comparable information regarding anemia was not
available for analysis. Anemia is a significant factor contributing to maternal mortality and is ubiquitous
amongst low-income women in Pakistan [32], thus failure to capture this information undermines the ability to
construct a comprehensive explanatory model.
Even for variables that were captured and analyzed, e.
g. for antenatal iron/vitamins, a lack of detail regarding
formulation and frequency of intake limited the ability
to assess the effectiveness of the interventions provided.
This was particularly true for emergency obstetric and
newborn (EmONC) interventions that are considered
crucial for saving lives in the peripartum period. Only
limited data regarding the need, availability, implementation or effectiveness of EmONC interventions in individual cases was present.
Additionally, these data were unable to account for
macro-level differences between the sites, e.g. in Pakistan the health system is dominated by private providers
in a fee for service model compared to the Indian sites
where the public sector is the major provider of services.
Furthermore, unprecedented floods affected the Pakistani site during the monsoon seasons of 2010 and 2011.
The impact of these natural disasters on both the population and the health care system could not be captured.
Nonetheless, the effect of the floods in Thatta district
closely mirrored that in the rest of the country.
Approximately 10% of the population of the district was
affected, which is similar to the proportion of the total
population of the country that was affected.

Conclusion
The MNHR of the Global Network is the largest prospective, community-based study to evaluate maternal
mortality and it demonstrates that the Pakistani site of
the Global Network has significantly worse maternal
and newborn health outcomes than the Network’s
other six sites across five countries with similar economic and developmental indicators. Particularly concerning is the increase in maternal mortality in the
period from 2010 to 2013. This trend would indicate
that gains in maternal, fetal and neonatal mortality
made in Pakistan between 1990 and 2006 are being
reversed and occurs in the face of apparent improvement in some MNH process indicators. Despite these
improvements, the increase in maternal mortality and
the stagnation of feto-neonatal outcomes indicates that
currently implemented programs for improving MNH
in Pakistan are unlikely to bring about the desired
outcomes.
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As evidenced by the comparison with the other Network
sites, the current levels of antenatal and newborn care
interventions, while representing an increase for the Pakistani site, are insufficient to protect against poor maternal
and neonatal outcomes. On the other hand, delivery care
in the Pakistani site, whilst numerically equivalent to sites
in Africa, is apparently ineffective in saving the lives of
delivering women and their fetuses/newborns. There is an
urgent need to understand the gaps that exist in facility/
skilled delivery care. It is likely that the quality of delivery
care in Pakistan is poor. If significant progress is to be
made in saving maternal, fetal and neonatal lives, then
business-as-usual in the existing health system will not
just prevent Pakistan from achieving the Millennium
Development Goals but may lead to a reversal of gains
made over the two decades from 1990-2010.
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Abstract
Background: Skilled birth attendance and institutional delivery have been advocated for reducing maternal,
perinatal and neonatal mortality (PMR and NMR). India has successfully implemented various strategies to promote
skilled attendance and incentivize institutional deliveries in the last 5 years.
Objectives: The study evaluates the trends in institutional delivery, PMR, NMR, and their risk factors in two Eunice
Kennedy Shriver NICHD Global Network for Women’s and Children’s Health Research sites, in Belgaum and Nagpur,
India, between January 2010 and December 2013.
Design/methods: Descriptive data stratified by level of delivery care and key risk factors were analyzed for 36
geographic clusters providing 48 months of data from a prospective, population-based surveillance system that
registers all pregnant permanent residents in the study area, and their pregnancy outcomes irrespective of where
they deliver. Log binomial models with generalized estimating equations to control for correlation of clustered
observations were used to test the trends significance
Results: 64,803 deliveries were recorded in Belgaum and 39,081 in Nagpur. Institutional deliveries increased from
92.6% to 96.1% in Belgaum and from 89.5% to 98.6% in Nagpur (both p<0.0001); hospital rates increased from
63.4% to 71.0% (p=0.002) and from 63.1% to 72.0% (p<0.0001), respectively. PMR declined from 41.3 to 34.6
(p=0.008) deaths per 1,000 births in Belgaum and from 47.4 to 40.8 (p=0.09) in Nagpur. Stillbirths also declined,
from 22.5 to 16.3 per 1,000 births in Belgaum and from 29.3 to 21.1 in Nagpur (both p=0.002). NMR remained
unchanged.
Conclusions: Significant increases in institutional deliveries, particularly in hospitals, were accompanied by
reductions in stillbirths and PMR, but not by NMR.

Background
Of the 7.6 million annual deaths worldwide in children
under 5 years of age, 3.1 million occur in the first
28 days of life [1]. India accounts for more of these neonatal deaths and the 2.6 million annual stillbirths than
any other country [1,2]. While remarkable progress has
been made in reducing mortality in children under five
years old, many countries have not met the Millennium
Development Goal (MDG) 4 target to reduce child mortality by two-thirds by 2015 because similar success has
* Correspondence: sgoudar@jnmc.edu
1
Women’s and Children’s Health Research Unit, KLE University’s Jawaharlal
Nehru Medical College, Belgaum, Karnataka, India
Full list of author information is available at the end of the article

not been achieved in reducing peri- and neonatal mortality (PMR and NMR) [1,3].
Most maternal, perinatal and neonatal complications
and mortality occur at or shortly after labor and delivery
[4-6]. Skilled birth attendance and an institutional environment capable of providing effective obstetric and neonatal care are needed to significantly reduce maternal
deaths, stillbirths and early neonatal deaths. In support of
the United Nations MDGs to reduce child mortality and
improve maternal health worldwide [7], increasing skilled
birth attendance and births in hospitals and health centers have been recommended [8,9]. Some countries, such
as India, where home birth was common until recently,
have taken successful steps aimed to implement this
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strategy through programs such as Janani Suraksha
Yojana (JSY), a conditional cash transfer scheme the
Government of India uses to incentivize deliveries in government health facilities [10]. Simultaneously, efforts are
underway to improve the delivery and newborn care
practices of birth attendants working at these health facilities [11,12]. However, to date, few studies have assessed
the potential impact of these activities on maternal, perinatal and maternal mortality.[10,13-15]
In a prospective study, we sought to evaluate the trends
in institutional delivery and perinatal and neonatal mortality rates in two regions, Belgaum and Nagpur, over a
four-year period from January 2010 to December 2013.
Belgaum is located in Karnataka State, in Southern India.
Nagpur is located in Maharashtra State in Central India.
While Belgaum and Nagpur districts have similar population sizes, 4.8 and 4.6 million, [16,17] respectively, the
two sites have distinct population characteristics. Over
one-third of reproductive age women in Karnataka have
no formal education, and 54% of reproductive age
women and 10% of men had no employment in the
12 months prior to the most recent National Family
Health Survey [18]. In comparison, 24% of reproductive
age women in Maharashtra have no formal education,
and 52% of reproductive age women and 13% of men had
no employment in the 12 months prior to the most
recent National Family Health Survey [18]. The adult literacy rate in Belgaum is 73% compared with 88% in Nagpur, and the male: female population ratio is 1.03 in
Belgaum and 1.05 in Nagpur [16,17]. The sample age and
parity were also distinct, with more young but fewer nulliparous women in Belgaum than Nagpur (Table 1).

Methods
This study was conducted in Belgaum, Karnataka State
and Nagpur, Maharashtra State, India in the Eunice
Kennedy Shriver Global Network for Women’s and Children’s Health Research study clusters as part of the
Maternal Newborn Health Registry (MNHR) study [13].
The MNHR is a prospective, population-based surveillance system of pregnant women and their pregnancy
outcomes. Study clusters are distinct geographical areas,
which were defined initially with approximately 300-500
births per year. All consenting pregnant women who are
permanent residents of the clusters are prospectively
enrolled into the registry irrespective of their delivery
location (99.9% of eligible women in both populations
consent to participate). Study visits are completed at delivery and 42 days postpartum to record outcomes by Registry Administrators, who are medical officers or health
workers working at the Primary Health Centers for the
Ministry of Health. The MNHR 2010-2013 data exclude
deliveries in women lost to follow up prior to delivery, or
those with deliveries resulting in miscarriages/medically
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terminated pregnancies and those weighing <1000g at
birth.
The Belgaum and Nagpur sites also benefit from an
annual household survey to enroll all married women of
reproductive age (i.e. 15-49 years) residing within the
clusters, which is an adaptation of the Ministry of
Health (MOH) survey but administered independently
under the supervision of the site investigators. This
household surveillance enables identification of women
who are currently pregnant, have undergone sterilization, as well as those who are likely to conceive in the
ensuing year. It is also used to estimate the crude birth
rate and projected enrollment for the forthcoming year.
Completeness of coverage of the registry enrollment
from the catchment area is assessed by comparing the
projected and actual enrollments. The surveillance system has been previously described in detail [19].
Institutional birth was defined as delivery at either a
hospital or clinic (primary health center or community
health center). Community births included those delivered at home (generally the mother’s home or birth
attendant’s home). Stillbirth rates were defined as deaths
prior to delivery among all births ≥ 20 weeks gestation.
We also examined neonatal death rates, including early
(< 7 day) neonatal deaths and 28-day (deaths <28 days),
per 1000 live births. The present analysis includes 16 of
the 24 study clusters in Belgaum that contributed data to
all 48 months included in the analysis and 20 clusters in
Nagpur (all of which contributed 48 months of data).
Descriptive statistics were performed. Analyses were stratified by level of delivery care and key risk factors. We
modeled mortality risk and the prevalence of delivery
location and calculated point and interval estimates of
risk ratios using multivariable generalized linear regression models with a binomial distributional assumption
and a log link; we used generalized estimating equations
to account for correlation of outcomes within clusters to
assure appropriately sized p-values and confidence intervals. To evaluate changes over time, we modelled year of
delivery as a categorical value and tested for changes
between Year 2010 and Year 2013 with a simple difference contrast and tested for trends across time with an
orthogonal polynomial linear contrast. All analyses were
conducted using SAS v.9.3 (Cary, NC).

Results
Between January 2010 and December 2013, 64,803 deliveries were recorded in the 16 clusters providing 48
months of data in MNH Registry in Belgaum and
39,081 in the 20 Nagpur clusters (Table 1). Of these
deliveries, 99.8% had follow-up visits available. During
this time period, fewer women with no formal education
gave birth in Belgaum (22.7% to 14.7%) with a similar
trend in Nagpur, dropping from 3.9% to 2.5%. There
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Table 1. Maternal demographic and clinical characteristics
Belgaum
Deliveries, N
Maternal age, N (%)

Nagpur

2010

2011

2012

2013

2010

2011

2012

2013

16,345

16,909

17,356

14,193

10,097

9,572

9,521

9,891

16,321

16,909

17,355

14,193

10,089

9,571

9,512

9,881

< 20

1,731 (10.6)

1,686 (10.0)

1,719 (9.9)

1,334 (9.4)

211 (2.1)

178 (1.9)

192 (2.0)

189 (1.9)

20-35

14,557 (89.2)

15,186 (89.8)

15,609 (89.9)

12,836 (90.4)

9,861 (97.7)

9,368 (97.9)

9,286 (97.6)

9,660 (97.8)

> 35

33 (0.2)

37 (0.2)

27 (0.2)

23 (0.2)

17 (0.2)

25 (0.3)

34 (0.4)

32 (0.3)

Maternal education, N (%)

16,160

16,755

17,283

14,181

10,093

9,571

9,497

9,872

No formal education

3,666 (22.7)

3,398 (20.3)

2,981 (17.2)

2,085 (14.7)

391 (3.9)

288 (3.0)

268 (2.8)

250 (2.5)

Primary

5,751 (35.6)

5,556 (33.2)

5,474 (31.7)

4,394 (31.0)

1,845 (18.3)

1,633 (17.1)

1,613 (17.0)

1,692 (17.1)

Secondary

5,560 (34.4)

6,275 (37.5)

7,009 (40.6)

5,986 (42.2)

6,009 (59.5)

5,793 (60.5)

5,686 (59.9)

5,753 (58.3)

University +

1,183 (7.3)

1,526 (9.1)

1,819 (10.5)

1,716 (12.1)

1,848 (18.3)

1,857 (19.4)

1,930 (20.3)

2,177 (22.1)

Parity, N (%)

16,318

16,906

16,918

14,192

10,097

9,571

9,517

9,888

0

6,738 (41.3)

7,257 (42.9)

7,473 (44.2)

6,153 (43.4)

4,897 (48.5)

4,707 (49.2)

4,612 (48.5)

4,598 (46.5)

1-2

8,407 (51.5)

8,496 (50.3)

8,392 (49.6)

7,214 (50.8)

4,902 (48.5)

4,621 (48.3)

4,667 (49.0)

5,047 (51.0)

>2

1,173 (7.2)

1,153 (6.8)

1,053 (6.2)

825 (5.8)

298 (3.0)

243 (2.5)

238 (2.5)

243 (2.5)

At least one ANC visit, N (%)

16,341

16,901

17,215

14,148

10,096

9,556

9,518

9,883

Yes

16,308 (99.8)

16,886 (99.9)

17,205 (99.9)

14,142 (100.0)

10,095 (100.0)

9,556 (100.0)

9,516 (100.0)

9,869 (99.9)

No

33 (0.2)

15 (0.1)

10 (0.1)

6 (0.0)

1 (0.0)

0 (0.0)

2 (0.0)

14 (0.1)

was a steady decrease in births to women of parity
greater than 2 in both sites (Belgaum: 7.2% to 5.8% and
Nagpur: 3.0% to 2.5%). Maternal age at birth increased
in Belgaum, with births among women below the age of
20 years steadily decreasing from 10.6% to 9.4%, whereas
there was no change in maternal age at birth in Nagpur.
The proportion of deliveries with at least 1 antenatal
care visit was consistently greater than 99% each year
for deliveries registered in both sites.
Institutional delivery (hospital and clinic) increased from
92.1% to 96.0% in Belgaum and from 89.7% to 98.7% in
Nagpur. The increase in hospital deliveries (63.6% to
71.6% in Belgaum, and 64.1% to 73.0% in Nagpur)
accounted for most of this shift, with clinic deliveries
remaining stable or declining (Table 2, Figure 1). Home
births declined by about 50% in Belgaum (7.9% to 4.0%)
and by nearly 90% in Nagpur (10.3% to 1.3%). Consistent
with the shift in birth location, in 2013 more births were
attended by physicians or nurses/nurse midwives than in
2010 in both sites (Belgaum: 2010: 92.8%; 2013: 96.6%;
Nagpur: 2010: 91.0%; 2013: 98.9%). Physician attended
deliveries increased (Belgaum: 2010: 59.2%; 2013: 61.0%;
Nagpur: 2010: 56.1%; 2013: 64.3%). Deliveries attended by
a traditional birth attendant decreased, from 3.6% in
Belgaum and 7.4% in Nagpur in 2010 to less than 1% in
both locations in 2013, while the percent attended by
nurse midwives was fairly stable. Home deliveries with no
health provider or a family member fell from 3.6% to 2.6%
in Belgaum and declined from 1.6% to 0.6% in Nagpur.
The increase in institutional deliveries and skilled birth

attendance was accompanied by an increase in cesarean
sections in Belgaum (2010: 9.9% to 2013: 18.6%) and in
Nagpur (2010: 17.6% to 2013: 23.0%).
The percent of multiple gestation births remained
<1%. The sex ratio (male/female) for both sites was relatively stable during this period with Nagpur experiencing a slight decrease from 1.14 to 1.06 (Table 3).
The perinatal mortality, stillbirth, and neonatal mortality rates overall and stratified by location are illustrated
in figures 1 and 2. These rates were substantially higher
in the community than in institutional deliveries.
Community PMR increased from 60.7 to 76.7 per 1000
births in Belgaum and from 114.1 to 400.0 deaths per
1000 births in Nagpur; however the number of community births was small in Nagpur. Among institutional
deliveries, PMR declined in Belgaum from 39.9 to 32.6
deaths per 1000 births; the decline was observed in both
hospital and clinic deliveries. The PMR fluctuated
between 38.9 (2010) and 35.3 (2013), in hospitals and in
clinics, in Nagpur. Neonatal mortality (through 28 days
of life) remained stable in institutional births in Belgaum
and Nagpur but increased in community births in both
sites, and in clinic births in Nagpur.
Adjusted risk estimates for trends in deliveries and
mortality stratified by location are presented in Table 4.
There was a steady decline in the perinatal mortality rate
in Belgaum, from 41.3 to 34.6 deaths per 1,000 births
(p=0.008) and in Nagpur from 47.4 to 40.8 deaths per
1,000 births (p=0.09) between 2010 and 2013 (Table 4).
The stillbirth rate also declined for both sites, from 22.5
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Table 2. Delivery characteristics
Belgaum
Deliveries, N
Delivery location, N (%)

Nagpur

2010

2011

2012

2013

2010

2011

2012

2013

16,345

16,909

17,356

14,193

10,097

9,572

9,521

9,891

16,317

16,902

17,350

14,189

9,565

9,514

9,885

10,092

Institutional

15,032 (92.1) 15,935 (94.3) 16,524 (95.2) 13,616 (96.0)

9,048 (89.7)

9,213 (96.3) 9,324 (98.0) 9,757 (98.7)

Hospital

10,381 (63.6) 11,316 (67.0) 12,851 (74.1) 10,154 (71.6)

6,464 (64.1)

6,483 (67.8) 6,388 (67.1) 7,215 (73.0)

Clinic

4,651 (28.5)

4,619 (27.3)

3,673 (21.2)

3,462 (24.4)

2,584 (25.6)

2,730 (28.5) 2,936 (30.9) 2,542 (25.7)

Community (Home or other)

1,285 (7.9)

967 (5.7)

826 (4.8)

573 (4.0)

1,044 (10.3)

352 (3.7)

190 (2.0)

128 (1.3)

16,342

16,903

17,350

14,189

10,092

9,565

9,516

9,885

Physician

9,668 (59.2)

9,602 (56.8)

10,712 (61.7)

8,649 (61.0)

5,659 (56.1)

5,521 (57.7) 5,849 (61.5) 6,356 (64.3)

Nurse/Midwife/HW

5,496 (33.6)

6,420 (38.0)

5,895 (34.0)

5,046 (35.6)

3,525 (34.9)

3,731 (39.0) 3,486 (36.6) 3,416 (34.6)

TBA

586 (3.6)

352 (2.1)

227 (1.3)

126 (0.9)

750 (7.4)

206 (2.2)

95 (1.0)

52 (0.5)

Family/Other

592 (3.6)

529 (3.1)

516 (3.0)

368 (2.6)

158 (1.6)

107 (1.1)

86 (0.9)

61 (0.6)

16,342

16,903

17,350

14,189

9,538

9,493

9,864

Birth attendant, N (%)

Delivery mode, N (%)
Vaginal
Vaginal assisted
C-section
Bag and mask resuscitation, N (%)
Yes
No
Multiple birth, N (%)
Yes
No

14,658 (89.7) 14,707 (87.0) 14,647 (84.4) 11,466 (80.8)

10,052
8,184 (81.4)

7,753 (81.3) 7,517 (79.2) 7,361 (74.6)

61 (0.4)

41 (0.2)

54 (0.3)

80 (0.6)

103 (1.0)

1,623 (9.9)

2,155 (12.7)

2,649 (15.3)

2,643 (18.6)

1,765 (17.6)

16,063

16,824

17,271

14,118

10,092

9,501

9,395

9,913

785 (4.9)

842 (5.0)

741 (4.3)

447 (3.2)

241 (2.4)

359 (3.8)

364 (3.9)

400 (4.0)

15,278 (95.1) 15,982 (95.0) 16,530 (95.7) 13,671 (96.8)

9,851 (97.6)

28 (0.3)

66 (0.7)

236 (2.4)

1,757 (18.4) 1,910 (20.1) 2,267 (23.0)

9,142 (96.2) 9,031 (96.1) 9,513 (96.0)

16,337

16,903

17,350

14,189

10,092

9,564

9,500

9,861

100 (0.6)

115 (0.7)

137 (0.8)

104 (0.7)

84 (0.8)

61 (0.6)

71 (0.7)

83 (0.8)

16,237 (99.4) 16,788 (99.3) 17,213 (99.2) 14,085 (99.3) 10,008 (99.2) 9,503 (99.4) 9,429 (99.3) 9,778 (99.2)

to 16.3 per 1000 births in Belgaum and from 29.3 to 21.1
per 1000 births in Nagpur (both p=0.002). In Belgaum, the
early neonatal mortality rate (within 7 days of delivery)
declined marginally over this period from 19.3 deaths per
1000 live births to 18.6 deaths per 1000 live births
(p=0.62). In contrast, at the Nagpur site, the rate of early
neonatal mortality rose from 18.7 deaths per 1000 live
births in 2010 to 20.4 deaths per 1000 live births in 2013
(p=0.03). The 28-day neonatal mortality rate remained
relatively stable in both Belgaum (2010: 24.2; 2011: 22.6;
2012: 21.4; 2013: 23.8 per 1000 live births) and in Nagpur
(2010: 24.5; 2011:19.0; 2012: 24.0; 2013: 24.4).
In Belgaum, the highest proportion of neonatal deaths
was attributed to birth asphyxia (with a range of 31.8%
to 38.7%), followed by low birth weight/prematurity, and
other causes (Table 5). In Nagpur, low birth weight/prematurity was recorded as the leading cause of neonatal
death (with a range of 34.8% to 44.4%), followed by
birth asphyxia, and other causes. In contrast, at the Nagpur site, NMR associated with birth asphyxia and low
birth weight/prematurity increased over this period from
20% and 34.8% to 28.8% and 44.2% respectively.

Discussion
The MNHR represents a large prospective populationbased study conducted in two districts in India. The

results from Belgaum and Nagpur indicate a significant
increase in institutional delivery that was accompanied
by a substantial decline in perinatal mortality between
2010 and 2013 (Figure 3). Substantial declines in stillbirths in both Belgaum and Nagpur were also observed
over this period. In Belgaum, the large reduction in perinatal mortality is primarily attributed to the decline in
the stillbirth rate, as the early neonatal mortality rate
declined only marginally during this period. Some of the
reduction in stillbirths and perinatal mortality may be
associated with socio-demographic changes that were
observed over time, including the shift in age and parity,
higher education and fewer deliveries that occurred over
time. We posit that some of the decline in stillbirth and
perinatal mortality, however, may be attributed to more
direct causes, including the resuscitation training of
birth attendants, both as part of the Global Network’s
Emergency Obstetric and Neonatal care (EmONC), trial
and the American Academy of Pediatrics Helping Babies
Breathe (HBB) studies, and the Ministry of Health’s
initiative of Navajat Shishu Suraksha Karyakram (NSSK)
national basic newborn care and resuscitation program
[20-23]. With stimulation and resuscitation, we posit
that these programs improved the survival of newborns
with simple birth asphyxia, and thus fewer newborns
were classified as stillbirths. Birth asphyxia remains a
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Figure 1 PMR, stillbirths and NMR <28 days: Belgaum

leading cause of death in both sites, and indicates further
efforts to improve obstetric care and to provide first minute bag and mask resuscitation are needed. Yet, very
early and early neonatal mortality rates rose in Nagpur,
and thus there was a smaller decline in perinatal mortality in Nagpur than in Belgaum. Still, unlike the quasiexperimental comparisons of India’s Janani Suraksha
Yojana conditional cash transfer program [13], virtually
no improvement was observed in early or 28-day neonatal survival in either location. The decline in stillbirth but
not neonatal mortality rates may be mediated by the
increase in cesarean sections, responsive to fetal distress,
and is consistent with observations from Bangladesh [15].
In Bangladesh, the demand side financing program was

associated with an increase in cesarean section rates, but
otherwise with little or no improvement in quality of
care. Low birth weight remains a leading cause of neonatal death, and the lack of effect on neonatal mortality is
consistent with persistent high mortality rates observed
for very low birth weight infants [24] and the need to
improve quality of care for newborns.
The trends of lower stillbirth rates associated with
increasing cesarean rates in lower and middle income
countries is also consistent with observations from
multi-country World Health Organization data [25,26].
Improving obstetric care is critical to prevention of birth
asphyxia [27-30]. The EmONC research trial that both
the Belgaum and Nagpur sites as well as the other

Table 3. Infant characteristics
Belgaum
2010

2011

Nagpur
2012

2013

2010

2011

2012

2013

Births, N

16,445

17,024

17,497

14,295

10,178

9,633

9,590

9,975

Gender, N (%)

16,431

17,006

17,483

14,287

10,113

9,572

9,539

9,925

Male

8,434 (51.3)

8,896 (52.3)

9,101 (52.1)

7,361 (51.5)

5,380 (53.2)

4,964 (51.9)

5,002 (52.4)

5,109 (51.5)

Female

7,997 (48.7)

8,110 (47.7)

8,382 (47.9)

6,926 (48.5)

4,733 (46.8)

4,608 (48.1)

4,537 (47.6)

4,816 (48.5)

1.05

1.10

1.09

1.06

1.14

1.08

1.10

1.06

Sex ratio (M/F)
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Figure 2 PMR, stillbirths and NMR <28 days: Nagpur

Global Network sites participated in also found limited
influence on institutional quality of care and concluded
that improving pregnancy outcomes requires more
infrastructural preparedness than provider training and
community mobilization alone can provide [27]. The
observed reduction in stillbirth rates may also be associated with more babies receiving resuscitation. The
decline in asphyxia related mortality in Belgaum supports this speculation. Even though there was a decline
in bag and mask resuscitation in Belgaum, resuscitative
stimulation, which is not assessed in the registry, likely
increased in the area’s HBB projects [19]. While the
increase in cesarean section rates suggests that more
women are being identified with pregnancy complications through institutional delivery, the increase in community NMR indicates the continued delivery of high
risk or complicated cases in home births. Caste disparities continue to exist, with women of lower castes continuing to have higher rates of home birth [31].
The increase in health care facility deliveries is consistent with the patterns observed in all 20 Belgaum clusters of which only the 16 providing 48 months of data
were included in the analyses presented. The increase in
institutional deliveries is also similar to that observed in

other countries using various schemes to increase institutional delivery. Unlike the special community and
facility-based surveys to assess their program effects
[32,33], the MNHR provides standardized high-quality
data from a prospective, surveillance system that captures over 99% of permanent resident pregnancies and
their outcomes [19].

Conclusions
The MNHR data from Belgaum and Nagpur, in Southern
and Central India, indicate a significant increase in institutional, and particularly hospital, deliveries between 2010
and 2013. This was accompanied by substantial reductions
in perinatal mortality, stillbirth, and, in Belgaum, a declining trend in very early and early neonatal mortality. We
posit that some of this decline was associated with increasing caesarean section rates and neonatal resuscitation.
With increased emphasis on stimulation and resuscitation,
it is likely that resuscitation training programs, besides
improving survival of newborn babies with birth asphyxia,
may also have improved recognition that some nonbreathing infants are not stillbirths. Thus, fewer newborns
may have been classified as stillbirths. Birth asphyxia
remains a leading cause of death in both sites, and
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Table 4. Trends in Deliveries and Mortality Rates by Location
Adjusted Risk Estimate (95% CI)
2010

2011

2012

2013

P-value for 2010 - 2013 trend test

Belgaum
Institutional Deliveries, n (%)

92.6 (90.2, 95.0) 94.6 (92.8, 96.4) 95.5 (94.0, 97.0) 96.1 (94.8, 97.4)

Hospital Deliveries, n (%)

63.4 (54.7, 73.5) 66.3 (58.6, 75.1) 73.6 (66.5, 81.4) 71.0 (63.8, 78.9)

<.0001
0.0020

Perinatal mortality, rate/1000 births

41.3 (36.1, 47.3) 39.0 (33.4, 45.5) 38.5 (34.8, 42.7) 34.6 (31.8, 37.6)

0.0078

Stillbirths, rate/1000 births

22.5 (19.0, 26.7) 20.9 (17.4, 25.1) 20.8 (18.6, 23.3) 16.3 (14.2, 18.7)

0.0017

NMR < 7 days, rate/1000 live births

19.3 (16.6, 22.4) 18.5 (15.5, 22.1) 18.1 (15.7, 20.8) 18.6 (16.7, 20.6)

0.6226

Neonatal mortality < 28 days, rate/1000 live
births

24.2 (21.0, 27.8) 22.6 (18.3, 27.8) 21.4 (18.5, 24.8) 23.8 (21.5, 26.3)

0.6496

Institutional Deliveries, n (%)

89.5 (86.0, 93.2) 96.3 (95.5, 97.1) 97.9 (97.4, 98.5) 98.6 (98.3, 98.9)

<.0001

Hospital Deliveries, n (%)

63.1 (57.4, 69.4) 66.9 (61.8, 72.5) 66.1 (60.5, 72.2) 72.0 (66.6, 77.8)

<.0001

Perinatal mortality, (rate/1000 births)

47.4 (41.9, 53.6) 36.8 (32.7, 41.4) 40.7 (36.6, 45.4) 40.8 (37.1, 45.0)

0.0913

Stillbirths, (rate/1000 births)

29.3 (25.6, 33.5) 21.5 (18.6, 24.9) 21.8 (19.1, 25.0) 21.1 (18.6, 23.8)

0.0024

NMR < 7 days, (rate/1000 live births)

18.7 (15.4, 22.6) 15.7 (12.4, 19.8) 19.4 (15.3, 24.6) 20.4 (16.9, 24.6)

0.0280

Neonatal mortality < 28 days, (rate/1000 live
births)

24.5 (20.7, 29.0) 19.0 (15.6, 23.2) 24.0 (19.3, 29.9) 24.4 (20.8, 28.5)

0.3139

Nagpur

Community Deliveries, n (%)

Table 5. Cause of neonatal mortality by site
Belgaum

Nagpur

2010

2011

2012

2013

2010

2011

2012

390

377

367

333

230

169

214

226

Birth Asphyxia

151 (38.7)

138 (36.6)

130 (35.4)

106 (31.8)

46 (20.0)

41 (24.3)

43 (20.1)

65 (28.8)

Low Birth Weight/Prematurity

Cause of Neonatal Deaths < 28 Days, N (%)

2013

113 (29.0)

107 (28.4)

108 (29.4)

105 (31.5)

80 (34.8)

75 (44.4)

82 (38.3)

100 (44.2)

Infection

31 (7.9)

33 (8.8)

27 (7.4)

30 (9.0)

30 (13.0)

15 (8.9)

21 (9.8)

12 (5.3)

Malformation

8 (2.1)

12 (3.2)

17 (4.6)

16 (4.8)

9 (3.9)

6 (3.6)

10 (4.7)

7 (3.1)

Other

73 (18.7)

74 (19.6)

79 (21.5)

67 (20.1)

31 (13.5)

15 (8.9)

39 (18.2)

37 (16.4)

Don’t Know

14 (3.6)

10 (2.7)

6 (1.6)

8 (2.4)

34 (14.8)

17 (10.1)

18 (8.4)

5 (2.2)

Figure 3 Trends of Institutional Delivery (%) and Perinatal Mortality (per 1000 births)

Goudar et al. Reproductive Health 2015, 12(Suppl 2):S13
http://www.reproductive-health-journal.com/content/12/S2/S13

indicates further efforts to provide quality obstetric care
and first minute bag and mask resuscitation are needed.
However, the lack of improvement in 28 day neonatal
mortality indicates that further efforts are needed to
improve quality of care and, perhaps, to ensure that all
women experiencing complications seek and receive
timely appropriate skilled birth attendance and institutional delivery to further advance perinatal and neonatal
survival.
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Abstract
Background: The Global Network for Women’s and Children’s Health Research is one of the largest international
networks for testing and generating evidence-based recommendations for improvement of maternal-child health in
resource-limited settings. Since 2009, Global Network sites in six low and middle-income countries have collected
information on antenatal care practices, which are important as indicators of care and have implications for programs to
improve maternal and child health. We sought to: (1) describe the quantity of antenatal care attendance over a four-year
period; and (2) explore the quality of coverage for selected preventative, screening, and birth preparedness components.
Methods: The Maternal Newborn Health Registry (MNHR) is a prospective, population-based birth and pregnancy
outcomes registry in Global Network sites, including: Argentina, Guatemala, India (Belgaum and Nagpur), Kenya,
Pakistan, and Zambia. MNHR data from these sites were prospectively collected from January 1, 2010 – December
31, 2013 and analyzed for indicators related to quantity and patterns of ANC and coverage of key elements of
recommended focused antenatal care. Descriptive statistics were generated overall by global region (Africa, Asia,
and Latin America), and for each individual site.
Results: Overall, 96% of women reported at least one antenatal care visit. Indian sites demonstrated the highest
percentage of women who initiated antenatal care during the first trimester. Women from the Latin American and
Indian sites reported the highest number of at least 4 visits. Overall, 88% of women received tetanus toxoid. Only
about half of all women reported having been screened for syphilis (49%) or anemia (50%). Rates of HIV testing
were above 95% in the Argentina, African, and Indian sites. The Pakistan site demonstrated relatively high rates for
birth preparation, but for most other preventative and screening interventions, posted lower coverage rates as
compared to other Global Network sites.
Conclusions: Results from our large, prospective, population-based observational study contribute important
insight into regional and site-specific patterns for antenatal care access and coverage. Our findings indicate a
quality and coverage gap in antenatal care services, particularly in regards to syphilis and hemoglobin screening.
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We have identified site-specific gaps in access to, and delivery of, antenatal care services that can be targeted for
improvement in future research and implementation efforts.
Trial registration: Registration at Clinicaltrials.gov (ID# NCT01073475)

Background
The World Health Organization (WHO) recognizes the
importance of antenatal care (ANC) within a continuum
of reproductive and maternal-newborn care. WHO
recommends early identification of pregnancy and at
least four ANC visits, starting prior to 14 weeks gestation,
during which a prescribed package of preventative,
screening, and educational interventions are delivered
[1]. Unfortunately, such a consistent, integrated continuum of comprehensive care—although defined on
paper, and codified in many national health policies—
often does not translate into actual practice in some
resource-limited settings [2]. For example, while it is
widely acknowledged that ANC is most effective if it is
initiated early and consistently throughout pregnancy[3],
many pregnant women in resource-limited settings (1)
initiate ANC late in pregnancy (e.g., during the 2nd or 3rd
trimester) and (2) do not receive the WHO-defined minimum of at least 4 ANC visits. In addition to the frequency and timing of ANC visits, the quality of ANC
care, as assessed by comprehensive, effective coverage of
key evidence-based elements of the WHO Focused
Antenatal Care (FANC) package, is also of concern [4-9].
Although the strength of the evidence-base for some
components of the focused ANC package is variable,
FANC as a bundled, integrated intervention can serve as
an important pathway by which to increase the probability that women will chose facility-based births with
skilled delivery attendants, versus home births with
family members or unskilled attendants [10-12]. It is
important to delineate the gaps, barriers, and facilitators
which impact access to comprehensive coverage of
recommended ANC interventions, as this has profound
implications for improving the entire continuum of
maternal newborn child health (MNCH) care in lowresource settings.
Currently, the Global Network for Women’s and Children’s Health, funded by the National Institute of Child
Health and Human Development (NICHD), is one of the
largest global research networks focused exclusively on
testing and generating evidence-based recommendations
for improvement of maternal-child health in resourcelimited settings [13]. Given the importance of an integrated ANC continuum toward positive health outcomes
among our populations of mothers and babies, to assess
the quality of ANC coverage among Global Network
sites, and to identify relevant targets for future research
and implementation initiatives, we sought to: (1) describe

the quantity (i.e., number of visits; timing of ANC initiation) of ANC attendance and (2) quality of ANC attendance in terms of coverage of key preventative, screening,
and birth preparedness components.

Methods
The Maternal Newborn Health Registry (MNHR) is a prospective, population-based birth and pregnancy outcomes
registry that was started in 2009 at communities in seven
Global Network sites, including: Argentina, Guatemala,
India (Belgaum and Nagpur), Kenya, Pakistan, and Zambia. A detailed description of the overall purpose, methods,
and data collection techniques for the Global Network
for Women’s and Children’s Health Research Maternal
Newborn Health MNHR is provided elsewhere [13-15].
For the current study, MNHR data from 106 clusters
for the period January 1, 2010 – December 31, 2013 were
analyzed for variables related to the patterns of ANC
(e.g., number and timing of ANC visits; where, and from
whom, ANC was obtained) and coverage of selected elements of the WHO FANC package.
Data were collected and entered at each study site and
transmitted through secure methods to a central data
coordinating center at Research Triangle Institute International (RTI). Data edits were performed at each study
site and then centrally. Descriptive statistics were generated overall, by global region (sub-Saharan Africa, South
Asia, and Latin America), and for each individual site. In
order to investigate the numbers and percentages of
women (overall, by region, and by site) who reported
having components of a birth/emergency preparedness
plan, we also explored a sub-set of data which were collected during the course of a trial for implementation of
community-based Emergency Obstetric and Neonatal
Care (EmONC) [16]. Because the EmONC study intervention may have influenced results from the intervention clusters, for the purposes of the current study, we
report the results from the women enrolled only in the
control clusters. All analyses were performed using SAS
version 9.3 (SAS Institute, Cary, NC, USA).
In order to present a more comprehensive assessment of
the quality/quantity of ANC by site, we developed a composite variable composed of 15 ANC indicators. The composite variable allows a comparison of how each Global
Network site complied with a variety of ANC indicators,
which, when assessed collectively, provide an indication,
within and between sites, of the rate of coverage for
bundled ANC service delivery. For each indicator we
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arbitrarily grouped compliances and categorized these as
good, fair or poor. As an example, for having at least one
ANC visit, good was classified as >95%, fair as 85-94% and
poor as <85%. Good, fair and poor for tetanus toxoid, provision of iron and vitamins used the same percentage categories. For all the other indicators, good was classified as
>75%, fair as 50-75% and poor<50%. These included: having at least four ANC visits, syphilis testing; HIV testing;
anemia testing; maternal height measured; maternal
weight measured; birth plan developed; transport plan
developed; birth attendant identified, and identified birth
attendant present at delivery. We then simply compiled
the number of good, fair and poor answers for each site to
develop a figure to illustrate these metrics. Because the
Argentina site expected virtually all women to deliver in a
hospital, we coded the categories of birth plan developed;
transport plan developed; birth attendant identified, and
identified birth attendant present at delivery as good for
this site.

Ethical review
The appropriate Institutional Review Boards and Ethics
Research Committees of the participating institutions
and the Ministries of Health of the respective countries
approved the MNHR. Prior to initiation of the study,
approval was sought from the participating communities
through sensitization meetings. Individual informed consent for study participation is requested from each study
participant. No monetary reimbursements are provided
to study participants nor to the communities participating in the study. A Data Monitoring Committee,
appointed by the NICHD, oversees and reviews the study
at annual meetings.
Results
Data from a total of 269,710 deliveries (excludes women
who were lost-to-follow-up prior to delivery; miscarried;
or underwent medical termination of pregnancy) were
used to explore the frequency of ANC (Figure 1). By global region, 23% of these births occurred in African sites,
62% in Asian sites and 15% in Latin American sites.
Number of ANC visits (Table 1): Ninety-six percent of
women reported at least one ANC visit during their pregnancy. In the Nagpur and Belgaum, India sites, respectively, 100% and 99.9% of women reported at least one
antenatal encounter. High rates of at least one ANC visit
were also reported among pregnant women in the sites
in Zambia (99%), Guatemala (98%), Kenya (97%), and
Argentina (95%). The Pakistan site reported the lowest
percentage (84%) of women with at least one ANC
encounter.
Across all sites, 53% of women reported having at least
four antenatal encounters. The Nagpur (81%), Guatemala
(75%) and Argentina (66%) sites reported the highest rate

Figure 1 Diagram of study population

of pregnant women who accessed ANC at least 4 times,
with sites in Belgaum, India following at 61%. African
sites (Zambia, 22%; Kenya, 43%) and the Pakistan site
(24%) reported the lowest rates of pregnant women with
at least 4 ANC encounters.
Timing of ANC access (Figure 2): Pregnant women
from the two Indian sites were more likely to initiate
ANC during the first trimester (63% for Belgaum and
78% for Nagpur, respectively), and reported the lowest
percentages of initial ANC visits during the third trimester (6% and 3%). Sites in Kenya and Zambia reported
the lowest initiation of ANC during the first trimester, at
only 4% and 8%, respectively. The Pakistan (43%) and
Kenya (37%) sites reported the highest number of women
who had their first ANC encounter during the third trimester of pregnancy.
Given the high percentage of women who initiated
ANC during the first trimester in the Indian sites as
compared to the other sites, we investigated the overall
timing of ANC initiation with and without the India
data included. Overall, with the India sites included,
across all Global Network sites, 43% of women began
ANC during the first trimester, 40% during the second
trimester, and 18% during the third trimester of pregnancy. With the Indian data excluded, among women in
sites in Argentina, Guatemala, Kenya, Pakistan, and
Zambia, there was a marked shift toward first ANC visits occurring in the second (50%) and third (29%)
trimesters.
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Table 1. Antenatal care by Global Network region and site
Africa

Asia

Latin America

Total

Kenya

Zambia

Belgaum

Nagpur

Pakistan

Argentina

Guatemala

Women with delivery, N

35,660

27,599

79,628

39,261

48,273

9,900

29,389

269,710

At least one ANC visit, N (%)

34,637
(97.2)

27,419
(99.4)

79,355
(99.9)

39,215
(100.0)

40,540
(84.4)

9,310
(95.0)

28,859
(98.3)

259,335
(96.4)
3,991 (2.7)

Number of ANC visits1
0

321 (1.5)

36 (0.4)

17 (0.0)

15 (0.1)

3,139 (11.2)

144 (4.1)

319 (1.5)

1

977 (4.5)

692 (7.0)

1,391 (3.5)

507 (2.4)

5,438 (19.3)

185 (5.3)

612 (2.9)

9,802 (6.8)

2

3,309 (15.2)

1,901 (19.2)

2,626 (6.6)

378 (1.8)

7,508 (26.7)

287 (8.2)

1,407 (6.8)

17,416 (12.0)

3

7,880 (36.3)

5,087 (51.4)

11,758
(29.4)

3,070 (14.6)

5,369 (19.1)

568 (16.3)

2,873 (13.8)

36,605 (25.2)

>3

9,245 (42.5)

2,181 (22.0)

24,258
(60.6)

17,088 (81.1)

6,695 (23.8)

2,300
(66.0)

15,575
(74.9)

77,342 (53.3)

1,288 (3.9)

2,270 (8.4)

48,920
(63.3)

30,330 (77.5)

9,528 (24.5)

3,278
(37.4)

11,799
(41.5)

107,413
(42.5)

Second

19,700
(58.9)

19,465
(72.0)

24,055
(31.1)

7,699 (19.7)

12,654
(32.5)

3,937
(44.9)

12,538
(44.1)

100,048
(39.5)

Third

12,444
(37.2)

5,304 (19.6)

4,325 (5.6)

1,106 (2.8)

16,727
(43.0)

1,545
(17.6)

4,110 (14.4)

45,561 (18.0)

28,795
(83.4)

7,792 (28.5)

35,886
(47.6)

14,427 (44.8)

8,297 (21.3)

7,535
(81.3)

3,503 (15.0)

106,235
(44.1)

494 (1.4)

21 (0.1)

20,474
(27.1)

869 (2.7)

1,833 (4.7)

22 (0.2)

396 (1.7)

24,109 (10.0)

Trimester for first ANC visit
First

Most frequent location of ANC, N
(%)
Gov. hospital
Private hospital
Gov. clinic

3,870 (11.2)

8,657 (31.7)

7,900 (10.5)

5,590 (17.4)

58 (0.1)

247 (2.7)

6,688 (28.6)

33,010 (13.7)

Private clinic

465 (1.3)

902 (3.3)

710 (0.9)

58 (0.2)

28,468
(73.1)

644 (6.9)

1,519 (6.5)

32,766 (13.6)

Health worker

61 (0.2)

30 (0.1)

10,425
(13.8)

11,191 (34.8)

79 (0.2)

8 (0.1)

2,487 (10.6)

24,281 (10.1)

TBA

823 (2.4)

247 (0.9)

72 (0.1)

35 (0.1)

201 (0.5)

0 (0.0)

8,774 (37.5)

10,152 (4.2)

8 (0.0)

9,663 (35.4)

3 (0.0)

22 (0.1)

11 (0.0)

816 (8.8)

54 (0.2)

10,577 (4.4)

Other

Figure 2 Percentage of Global Network women who initiated ANC in the first, second, and third trimesters
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Location and provider where ANC obtained (Table
1): A government hospital was the most commonly
reported location where women across the entire study
obtained ANC (44%), particularly in the Kenyan (83%)
and Argentinian sites (81%). In the Zambian site,
women received their ANC from either a government
hospital (29%) or clinic (32%), while 35% received their
care from “others.” Women from the Belgaum, India
site reported frequent use of both government (48%)
and private hospitals (27%); in the Nagpur site, women
most frequently selected government hospitals (45%)
and health workers (35%). The most frequent location
where ANC was obtained in the Pakistan site was from
private clinics (73%). In the Guatemalan site, 38% of
women reported receiving ANC from a traditional
birth attendant (TBA) and 29% from a government
clinic.
Quality of antenatal care

The quality of ANC in regards to provision of specific
preventive and screening interventions was gathered
from among women who reported at least one ANC
encounter (259,335). A sub-population of women who
participated in a separate time-limited, cluster randomized MNHR-based study [15] (77,871, Figure 1)were
further assessed for whether they had generated a birth
and emergency preparedness plan.
Overall rates of coverage for all sites for tetanus toxoid
vaccination was 88% (227,942) (Table 2). High rates of
vaccination were observed in the Indian sites [Belgaum,
99.8%; Nagpur, 99.7%], Argentinian sites (96%), and
African sites [Zambia (96%); Kenya (93%)]. Lowest coverage rates were reported in the Guatemalan (67%) and
Pakistan (57%) sites. (The low rate in Guatemala is
explained by a government recommendation not to
revaccinate if vaccinated in the last 10 years).
Ninety-four percent of women, overall, reported
receiving prenatal vitamins/iron; coverage for prenatal
vitamins/iron was above ninety percent in the Indian,
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Zambian, Kenyan, and Guatemalan sites, but lower in
the Argentinian (89%) and Pakistan (73%) sites.
Screening for syphilis and HIV are not included in the
Pakistani recommended national package of ANC services; [16] thus, coverage rates for syphilis and HIV
screening are considered for the remaining countries.
Overall, 49% of women across the other 6 sites reported
receiving syphilis testing. The Argentina site posted the
highest rate of syphilis testing at 95%, followed by the
Zambian (85%) and Kenyan (80%) sites. The Belgaum,
India sites (19%), reported the lowest rate of coverage
for syphilis testing, followed by the sites in Guatemala
(45%) and Nagpur (47%). Overall coverage for HIV testing during pregnancy was 91%. Rates were 94% or
higher in the Indian, Zambian, Argentinian, and Kenyan
sites. In the Guatemala site, HIV testing was only conducted in 46% of pregnancies.
Overall, 50% of women who had at least one ANC
encounter reported being screened for anemia. The lowest rates of hemoglobin testing were observed in the
Guatemalan (0.4%) and Pakistan sites (1.7%) and the
highest reported rate in the Nagpur, India site (98.5%).
The Belgaum, India site performed hemoglobin assessments in 86% of pregnancies. In African sites, only 21%
and 33% of women in Zambia and Kenya, respectively,
reported having a hemoglobin test; in the Argentina site,
45% of women were screened for anemia.
Information on maternal height and weight was taken
for 80% and 90% of women, respectively. Very high
rates maternal height and weight screening were
observed in sites in Nagpur, India (100%; 99.9%), Pakistan (99.5%, 99.5%), and Zambia (99.8%, 99.7%). The
Belgaum, India site assessed height in 93% of pregnant
mothers and weight in 95%. Latin American sites,
Argentina and Guatemala, showed overall coverage rates
for maternal height of 70% and 64%, and weight, 89%
and 62%, respectively. Maternal height information was
available for 0% of Kenyan women. When the Kenyan
site was removed from analysis, the overall rate of

Table 2. Coverage of various components of WHO recommendations by Global Network region and site among
women who reported at least one antenatal care visit, 2010-2013
Africa
Kenya

Asia
Zambia

Belgaum

Nagpur

Latin America
Pakistan

Argentina

Total

Guatemala

Tetanus toxoid vaccine, N (%)

32,032 (92.5) 26,273 (95.8) 79,207 (99.8)

39,111 (99.7)

23,138 (57.1) 8,871 (96.0) 19,310 (67.2) 227,942 (88.0)

Prenatal vitamins/iron, N (%)

32,645 (94.3) 27,115 (98.9) 78,934 (99.6)

38,928 (99.5)

29,567 (73.0) 8,222 (89.3) 26,685 (92.5) 242,096 (93.5)

Syphilis test**, N (%)

27,650 (79.8) 23,338 (85.1) 14,753 (18.8)

18,073 (46.7)

59 (0.1)

8,799 (95.3) 12,847 (44.8) 105,460 (48.6)

HIV test**, N (%)

33,403 (96.4) 26,883 (98.0) 78,412 (99.4)

38,310 (97.9)

147 (0.4)

8,747 (94.8) 13,056 (45.6) 198,811 (91.2)

Hemoglobin taken, N (%)

11,300 (32.6)

38,620 (98.5)

694 (1.7)

4,142 (44.5)

Maternal height taken, N (%)
Maternal weight taken, N (%)

11 (0.0)

5,658 (20.6)

68,271 (86.0)

121 (0.4)

128,806 (49.7)

27,368 (99.8) 74,064 (93.3) 39,201 (100.0) 40,338 (99.5) 6,533 (70.2) 18,566 (64.3) 206,081 (79.5)

25,393 (73.3) 27,327 (99.7) 75,077 (94.6)

39,191 (99.9)

40,327 (99.5) 8,293 (89.1) 17,929 (62.1) 233,537 (90.1)

*Numbers less than total reflect missing
**Pakistan numbers omitted from total column because testing not part of recommended ANC package
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maternal height assessment for the remaining sites rose
to 92%.
Birth plan and emergency preparedness (Table 3): A
sub-sample of women (N=77,871) was assessed for four
elements related to preparation of a birth plan. Overall,
68.0% of women reported having funds saved for the
delivery, ranging from 87.0% in the Belgaum, India site
to 43.8% in the Kenya site. A birth attendant was identified to perform the delivery for 82.5% of women overall,
ranging from 97.5% for women in the Guatemala site to
50.1% for women in the Zambia site. For 70.0% of the
women who reported having identified a birth attendant
prior to delivery, the identified birth attendant was present at the birth. Finally, 68.5% of the women identified
plans for transportation to a facility for the delivery, ranging from 95.5% of women at the Belgaum, India site to
31.0% of women in the Guatemala site.
Composite variable to assess overall quality of ANC
coverage (Figure 3): In order to present a more comprehensive assessment of the quality of ANC by site, we
developed a composite variable composed of the 15
ANC WHO indicators. In this analysis, the Indian sites
graded the highest, while the sites in Kenya, Zambia,
Argentina and Guatemala were in the middle; the Pakistan site graded the worst. However, at every site there
was room for improvement in at least some of the indicators of antenatal care.

Discussion
Frequency, timing, location, and providers of antenatal
care

Almost all women reported accessing ANC at least once.
Women in the Indian sites reported initiation of ANC
during the first trimester much more frequently as compared to the other GN sites. Our study revealed differences between regions and sites in terms of from whom,
and from where, women sought ANC. While a variety of
complex sociocultural, behavioral, and contextual factors

impact women’s decision-making in regards to when to
initiate, and how often to seek, ANC [8,11,12,17-32], it is
interesting to note that, in the Guatemalan site, where
38% of women reported using TBAs for ANC, 75% of
women reported at least four ANC encounters and 42%
of women initiated ANC during the first trimester. This
is in contrast to GN sites in Africa and Pakistan, where
women more frequently utilized government facilities
(Kenya and Zambia) or private clinics (Pakistan) and also
initiated ANC much later in pregnancy and reported
fewer ANC encounters overall. Future studies in our Network should further explore the complex relationships
between, and identify the facilitators and barriers which
underlie, women’s decision-making in regards to frequency, timing, location, and providers of ANC. Such
investigations may provide information by which stakeholders in low- and middle-income settings can improve
ANC access and address gaps in coverage of key
interventions.
Coverage of preventative and screening interventions

In many low- and middle-income settings, recommended
packages of ANC are already standard of care according
to national policy, but recommended evidence-based
interventions still fail to reach every pregnant woman
[3,4,33,34]. We investigated rates of coverage for ANC
interventions related to prevention, screening, and birth
preparedness among our GN sites.
Detection, prevention, and treatment of syphilis may
be one of the highest impact interventions available for
prevention of stillbirth;[35,36] as such, syphilis screening
during pregnancy is a key intervention for prevention of
poor pregnancy outcomes [37-40]. It was thus discouraging to find that, only about half of all women (excluding Pakistan) reported having been tested for syphilis
during their most recent pregnancy. Results from the
site in Belgaum, India, were particularly interesting, in
that the low rates of reported syphilis testing (only 19%

Table 3. Development of a birth and emergency preparedness plan during antenatal care among women in the Global
Network EmONC trial control clusters
Africa

Asia

Latin
America

Total

Kenya

Zambia

Belgaum

Nagpur

Pakistan

Guatemala

Women with delivery in control cluster, N

11,453

9,600

19,053

12,710

16,053

5,754

77,871

Access to emergency fund/plan for
hospitalization, N (%)

5,011
(43.8)

5,810
(60.8)

16,320
(87.0)

10,522
(83.1)

12,061
(75.4)

2,801
(48.7)

52,668
(68.0)

Birth attendant identified before birth, N (%)

9,391
(82.0)

4,794
(50.1)

17,000
(89.3)

10,844
(85.4)

13,815
(86.3)

5,595
(97.5)

61,439
(82.5)

Identified birth attendant at delivery N (%)

7,897
(84.1)

3,684
(86.2)

11,174
(65.7)

5,944
(54.8)

9,321
(67.5)

4,607
(82.3)

42,627
(70.0)

Transport identified prior to delivery, N (%)

5,541
(48.4)

4,060
(42.6)

17,933
(95.5)

10,444
(82.7)

11,043
(69.0)

1,781
(31.0)

50,802
(68.5)
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Figure 3 Ranking of “good,” “fair,” and “poor” coverage by Global Network sites for 15 WHO ANC indicators of access and quality of care

of women) were atypical as compared to this site’s high
performance on other ANC indicators. While this may,
in part, reflect dropping prevalence of maternal and
congenital syphilis within the Indian setting [37], it does
not entirely explain why syphilis screening rates were
much higher in the site in Nagpur, India compared to
the Belgaum, India site.
HIV screening during pregnancy is essential in order to
identify HIV-infected women, and link them to strategies
for prevention of mother-to-child transmission of HIV
[41]. It was encouraging to observe high rates of HIV
testing overall, with the exception of the Guatemalan
site, in which only a little over half of all women reported
being tested for HIV.
Neonatal tetanus also remains a profound risk to newborn health in resource-limited regions, particularly subSaharan Africa, and is best prevented by maternal tetanus
immunization [42-44]. The rate for at least one injection
of tetanus toxoid was 88% for the GN overall, with very
high coverage rates (above 93%) observed in the sites in
Africa, India, and Argentina. Similar to other indicators,
low rates of coverage for this preventative intervention
were observed in the Pakistan site [45,46]. We did not
collect information regarding how many doses of tetanus
toxoid women received, so it is unknown to what extent
there was complete coverage for prevention of maternal/
neonatal tetanus at the GN sites, even among the 88% of
pregnant women who reported receiving an injection.
Anemia during pregnancy is related to a number of poor
pregnancy outcomes for mothers and newborns, and of
particular concern in malarial endemic areas of the world
[47,48]; thus, hemoglobin assessment and supplementation

during pregnancy with prenatal vitamins and iron are key
ANC recommendations at all GN sites [43]. We detected
large variability in rates of screening for anemia, with coverage ranging from virtually none in the sites in Guatemala and Pakistan to nearly 100% in Nagpur, India. In
Kenya and Zambia, where malaria, helminthic infection,
and iron-deficiency anemia are prevalent, [47,49,50] lower
than desired levels of coverage for hemoglobin testing
were observed. Encouragingly, the vast majority of women
did report obtaining prenatal vitamins/iron supplementation during pregnancy. We did not collect information
regarding for how long, or when, women took prenatal
vitamins/iron, so it is not possible to assess whether
women received 90 days of iron-folate supplementation as
is recommended in some contexts [51] or if the consumption of prenatal vitamins/iron was continuous, intermittent, or some combination thereof [52].
Variable rates of syphilis and HIV screening, hemoglobin testing, and tetanus toxoid vaccination that were
observed in this study may, in part, reflect different priorities of national governments, based on variable prevalence rates of sexually transmitted infections among
pregnant women in different global regions [44,53-55], or
be influenced by the relative availability of resources for
immunization and/or blood testing (education and training of health workers; community sensitization; supply
chain logistics) [56,57]. Cultural barriers, fear, stigma,
and resistance to some interventions in general, or
among pregnant women in particular, also exist in some
settings, and has been cited as impacting screening rates
for sexually transmitted infections and tetanus toxoid
vaccination efforts [58]. Other contributing factors to site
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or regional differences for coverage of particular interventions, including iron/folate supplements, may include:
lack of knowledge among pregnant women as to the
deleterious health impact and/or importance of screening
for conditions such as syphilis, tetanus, or anemia
[29,59,60]; late initiation of, and infrequent utilization of
ANC; and perceived or actual financial barriers associated with obtaining interventions [61].
It is unclear if, or in what manner, the selected location and/or provider for ANC may have impacted quality of ANC, or contributed to gaps in coverage of key
interventions. However, in our study, 73% of women in
the Pakistani site reported using private clinics for ANC.
Majrooh and colleagues recently noted that in Pakistan,
private clinics, in particular, “are unable to provide the
essential laboratory services package included in the
standard ANC protocol,” [8]. Similarly, 38% of Guatemalan women reported seeking ANC from TBAs.
Within the Guatemalan setting, TBAs are generally not
equipped with the knowledge, skills, or materials to perform blood-based testing procedures, nor do they have
access to laboratory support [62]. Lack of equipment
was likely one key factor underlying poor coverage for
maternal height assessment in Kenya, as most government facilities do not have stadiometers.
For the Argentina site in particular, higher rates of tetanus toxoid vaccination, prenatal vitamin supplementation, and syphilis and HIV testing may be due in part to
women desiring technically advanced ANC, and actively
seeking medical interventions from well-equipped government facilities [63]. Reasons for less than half of
Argentinian women receiving hemoglobin screening are
less clear.
Birth preparedness

Access to skilled birth attendants and care during delivery saves maternal and newborn lives [64]; preparing a
birth plan and planning for emergencies during the
antenatal period can improve women’s willingness to
seek skilled care at delivery [65]. We assessed the frequency with which women: (a) reported having prepared
an emergency/ hospitalization fund; (b) identified transport options prior to delivery; (c) identified a birth attendant prior to delivery; and (d) whether or not the
identified birth attendant was present at the delivery. In
general, for the first three birth plan components, the
Asian sites (India and Pakistan) reported the highest coverage levels. The Guatemalan and Zambian sites reported
the highest numbers of women for whom the birth attendant they identified prior to delivery actually attended
the birth. In Guatemala, this result may be linked with a
greater proportion of women also receiving care from
TBAs. In Zambia, while 60% of respondents most frequently sought ANC at a government hospital or clinic,
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35% of women received ANC from “other” (not TBA). It
is unclear if, or how, this may have impacted patterns of
ANC access and coverage of ANC interventions.
Because of the large quantity of data regarding the
quality indicators, we developed a simple grading system
to provide an overall site assessment regarding the delivery of a comprehensive package of ANC at each location.
We realize the categories used and the cutoffs for classification are arbitrary. Nevertheless, Figure 3 provides a
visual assessment of the quality/quantity of ANC at the
individual sites. The overall poor result for Pakistan in
particular may explain, in part very high mortality rates
reported at this site in another paper in this series [66].
We hope that by assessing the quality/quantity of both:
(a) individual ANC components and (b) delivery of the
overall ANC package within and between sites, this will
assist stakeholders to identify targets which lead to
improvements in both individual and bundled ANC indicators over time.
The strengths of our study include the population
based prospective nature of the data collection, large
sample size, and the quality of the MNHR in regards to
high consent rates, low loss-to-follow up rates, and
overall data quality [13-15,67]. We collected information
about a wide variety of global indicators for ANC access
and coverage. However, some ANC indicators of specific
regional interest, such as those related to detection and
prevention of malaria in pregnancy, were not assessed.
Limitations include that ANC registry data are collected primarily through maternal or birth attendant
report and may reflect recall bias. Some overall results
should be interpreted cautiously, since a large proportion
of our sample is from the study sites in Asia, as compared
to other global regions which compose the MNHR. Our
study catchment areas are predominately rural clusters in
confined regions of six countries, and as such, the results
may not be representative of patterns from urban settings, in particular, or entire national or global regions, in
general.
However, this latter concern is somewhat attenuated
by the fact that, for the most part, our results align with
those reported from recent National Household and/or
Demographic and Health Surveys (DHS) [46]. One
strength of our data, as compared to that generated by
national DHS, is that the MNHR results provide a longterm picture of patterns of ANC access and quality of
coverage over time, whereas large national surveys provide limited snapshots.

Conclusions and implications
Comprehensive ANC confers both independent and collective benefits for mothers and babies. When incorporated as part of an integrated continuum of MNCH
services which also includes skilled birth attendance and
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postpartum care, ANC coverage can contribute to
reduction in rates of stillbirth, maternal, and newborn
mortality [68]. It is crucial, therefore, to identify gaps in
access and coverage, in order to develop targeted strategies by which to ameliorate them.
Results from our study confirm that a crucial barrier
to implementation of comprehensive ANC in our Network, particularly at sites in sub-Saharan Africa and
Pakistan, is late initiation of care. Thus, in order to
increase rates of early initiation of ANC and improve
the potential for coverage of key interventions, stakeholders may want to consider implementing strategies
for active pregnancy case-finding and explore avenues
by which to achieve early, persistent linkage of pregnant
women to timely and frequent ANC.
This is one of the largest prospective studies of which
we know in which data were collected from a diverse
number of global regions for multiple indicators related
to the quantity and quality of ANC coverage. By assessing the patterns of ANC and coverage of selected key
ANC indicators among a large, population-based sample
of 269,710 women over 4 years, this study contributes
important information regarding the quantity and quality of ANC services that women receive in rural regions
of Africa, Asia, and Latin America. Our results provide
investigators with high-quality observational data by
which to further explore ANC in their own settings. We
have identified key gaps for which stakeholders can
develop targeted interventions by which to improve
women’s access to an integrated continuum of respectful, comprehensive maternal-newborn and reproductive
health services.
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Abstract
Background: During the post-partum period, most women wish to delay or prevent future pregnancies. Despite
this, the unmet need for family planning up to a year after delivery is higher than at any other time. This study
aims to assess fertility intention, contraceptive usage and unmet need for family planning amongst women who
are six weeks postpartum, as well as to identify those at greatest risk of having an unmet need for family planning
during this period.
Methods: Using the NICHD Global Network for Women’s and Children’s Health Research’s multi-site, prospective,
ongoing, active surveillance system to track pregnancies and births in 100 rural geographic clusters in 5 countries
(India, Pakistan, Zambia, Kenya and Guatemala), we assessed fertility intention and contraceptive usage at day 42
post-partum.
Results: We gathered data on 36,687 women in the post-partum period. Less than 5% of these women wished to
have another pregnancy within the year. Despite this, rates of modern contraceptive usage varied widely and
unmet need ranged from 25% to 96%. Even amongst users of modern contraceptives, the uptake of the most
effective long-acting reversible contraceptives (intrauterine devices) was low. Women of age less than 20 years,
parity of two or less, limited education and those who deliver at home were at highest risk for having unmet
need.
Conclusions: Six weeks postpartum, almost all women wish to delay or prevent a future pregnancy. Even in sites
where early contraceptive adoption is common, there is substantial unmet need for family planning. This is
consistently highest amongst women below the age of 20 years. Interventions aimed at increasing the adoption of
effective contraceptive methods are urgently needed in the majority of sites in order to reduce unmet need and
to improve both maternal and infant outcomes, especially amongst young women.
Study registration: Clinicaltrials.gov (ID# NCT01073475)

Background
Demographic and Health Surveys (DHS) in 27 developing
countries conducted between 1993 and 1996 have
demonstrated that during the extended post-partum
period, up to a year after delivery, most women wished to
delay the subsequent pregnancy for two or three years or
to prevent any future pregnancies altogether [1].
* Correspondence: Omrana.pasha@aku.edu
1
Department of Community Health Sciences Aga Khan University, Karachi,
Pakistan
Full list of author information is available at the end of the article

There are a number of safe and effective contraceptive
methods that women can begin at various points after delivery, including those used immediately postpartum, to optimize birth spacing [2]. The provision of quality family
planning services in the postpartum period has the potential
to reduce the voluntary termination of unwanted pregnancies and effect a reduction in both maternal and childhood
mortality and morbidity arising from unsafe abortions and
inadequate spacing of births, respectively [3,4].
Short inter-pregnancy intervals are associated with an
increased risk of low birth weight [5-7], preterm birth
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[8-10], small-for-gestational-age [11], as well as neonatal
[12,13] and infant mortality [14]. The risk of adverse
health outcomes is highest with a birth-to-pregnancy
interval of less than six months [8,15]. Children born
three to four years after a previous birth are likely to
have a significant survival advantage compared to children born within two years of the previous birth
[4,16,17]. Additionally, an early second pregnancy may
negatively influence the health, development and survival of the first child [18].
Taking into consideration the demonstrated need for
family planning postpartum and the potential for
improving both maternal and child outcomes through
effective birth spacing, there is a clear need to integrate
postpartum contraception into maternal child health
programs [19]; however, implementation of integrated
programs remains limited [20].
Counseling for family planning during the antenatal
period, considered the standard of care, is only offered to
a fraction of women in developing countries, where few
receive effective antenatal care [21]. Similarly, postpartum family planning counseling is infrequently provided
[22]. In settings where home deliveries are common and
postnatal care unlikely, there are few opportunities for
postpartum contraception counseling [23]. Moreover,
national family planning programs of many developing
countries often neglect the needs of recently delivered
women [23].
DHS data regarding contraceptive usage during the
extended post-partum period from 17 countries between
2003 and 2007 demonstrated rates of unmet need ranging
from 50% in Bangladesh to 88% in Mali. In this sample,
women were likely to delay adoption of contraception to
nine months after delivery. Postpartum women are more
likely to have an unmet need for family planning than
married women in general [24].
Even women who adopt modern contraceptive methods for birth spacing after delivery are likely to opt for
short-term hormonal methods (injectable/oral contraceptives) [25]. In developing countries, many couples have
difficulty using these methods correctly or consistently,
which may lead to unintended pregnancies [26-28].
Long-acting reversible contraceptives (LARC) such as
intrauterine devices (IUDs) are likely to be the most
effective method for prevention of unwanted pregnancies,
especially among those women who wish to use a contraceptive device to delay the next pregnancy [29].
The Statement for Collective Action for Postpartum
Family Planning [19] and available research [1,24] focus
on the extended postpartum period. However, fertility
may return as early as 25 days after delivery [30]. While
breastfeeding delays the onset of fertility significantly,
[31] even lactating women may ovulate prior to the first
menses, limiting their ability to accurately predict a
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return to fecundity [32]. It has been suggested that
women who wish to prevent or delay a subsequent pregnancy after delivery should adopt a contraceptive
method as early as possible after delivery and before
resumption of sexual activity [24].
This study aims to assess the fertility intention, contraceptive usage and mix, as well as the unmet need for
family planning amongst women who are six weeks
postpartum using the Global Network for Women and
Children’s Health Research’s Maternal and Newborn
Health Registry (MNHR), a prospective multicentre
active surveillance mechanism on-going in rural communities in five low and lower middle-income countries
[33]. We also aim to assess which women are at greatest
risk of having an unmet need for family planning during
this period.

Methods
Study design, setting and participants

We used data collected by the NICHD’s Global Network
for Women and Children’s Health Research Maternal
and Newborn Health Registry (MNHR), a multi-site,
prospective, ongoing, active surveillance system to track
pregnancies and births in specific rural communities in
Guatemala, India (2 states), Kenya, Pakistan and Zambia.
Through the Registry, all pregnant women who are residents of these rural geographic clusters are recruited
and followed to delivery and in the post-partum period.
Information about the health of the mother and infant
during the antenatal, labor and delivery and postnatal
period is collected. Each cluster has a minimum of 300
deliveries per year and data from all consenting pregnant women are included in the Registry database. The
Registry is described in detail elsewhere [33].
In brief, information on the eligible pregnant women
and their babies is obtained at three time points. The first
visit, at enrollment, ideally occurs by week 20 of gestation
and information on the date of last menstrual period, estimated delivery date, age, level of schooling, parity, and status of last child born is collected. The second visit occurs
within 48 hours of delivery and information collected
includes prenatal care, birth preparedness, complications
occurring during pregnancy, details of labor and delivery,
including place, mode of delivery, provider and practices
birth weight, status of the mother and newborn following
delivery, referrals, and treatment provided to the mother
and newborn at referral facilities. Interval maternal and
newborn health and vital status is assessed at a third visit
on day 42 after birth.
The study was approved by all of the involved institutions’ ethics review committees including the committees in the US institutions that partnered with each of
the foreign sites. The study is registered at clinicaltrials.
gov (NCT01073475). A Data Monitoring Committee
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appointed by NICHD reviews the Registry data on at
least an annual basis. All women provide consent to
participate in the Registry study.
For this study, questions adapted from the Demographic
and Health Survey were added to the MNHR Questionnaire to assess fertility intention and contraceptive usage
at day 42 post-partum [26]. Data were collected between
April 2011 and September 2012 in all Global Network
sites with specific start and end dates varying by site.
Belgaum’s time for data collection was the shortest,
explaining the smaller number of subjects at that site. All
study data were obtained by trained interviewers who
recorded the responses on case report forms.
Study variables

Fertility intention was assessed through questions as to
whether the woman would like to have another child or
not and when she would like to have her next child.
Specifically, women were asked about their future plans
for child bearing. Those who professed wanting more children or those who were undecided were asked how long
they would like to wait before the birth of the next child.
Women were classified as those who wanted to prevent
any future pregnancies, those who wanted more children,
and those with ambivalent fertility intentions [34].
In order to assess the use of modern contraceptive
methods, women were asked: “Are you currently doing
something or using any method to delay or avoid getting
pregnant?” If yes, they were asked which method they
were currently using. Modern methods included pills,
injections, condoms, IUDs, and female and male sterilization. The definition of usage of contraceptive methods
was limited to modern methods because of the high failure rates of traditional methods.
Women with an unmet need for family planning were
defined as those who have had a recent delivery, thus
presumed to be fecund, and report not wanting any more
children at all or wanting to delay the birth of their next
child; but not using any method of contraception.
Women with ambivalent fertility intentions were
excluded from the definition of unmet need; giving us a
conservative definition of unmet need.
Covariates included maternal age, literacy, parity, last
inter-pregnancy interval, vital status of the last delivery,
sex of the last delivered child, and number of currently
living children, as well as the nature of antenatal, delivery
and postnatal care received.
Analysis

Data were entered at each study site, where data edits
were performed prior to transmission to a central data
center (RTI International, Durham, NC) where additional
data edits were performed. Data were analyzed centrally
and statistical analyses performed using SAS v. 9.3.
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Descriptive analyses were performed. Relative risks were
obtained from a Poisson regression model adjusting for
site and a single demographic characteristic with general
estimating equations adjusting for cluster. Next, the
demographic characteristics, which were statistically significant individually at p<0.1, were included in a multivariable regression model. For this model, relative risks
were obtained from a multi-variable Poisson regression
model adjusting for site, maternal age, maternal education, parity, delivery location, last birth outcome and
infant gender with general estimating equations adjusting
for cluster.

Results
A total of 36,687 women in the post-partum period
were included in this study with the largest number
(n=13,460) from Thatta, Pakistan (Table 1). Less than
5% (1,705/36,687) were desirous of another pregnancy
immediately or within months of the index delivery.
Variation between sites in fertility intention with rates
of women wishing to delay or prevent a future pregnancy ranged from 93% in the Belgaum, India site to
99.7% in the Chimaltenango, Guatemala site. Despite
the intent to delay or prevent a future pregnancy, usage
of modern contraceptive methods at 42 days post-partum varied widely between sites and ranged from 73.5%
in Kafue, Zambia and 65.5% Nagpur, India to 4% in
Thatta, Pakistan.
The types of contraceptives also varied by site (Table 2).
Permanent methods were used most frequently in the
Asian sites. Long-acting, reversible contraceptives were
used by more than 10% of subjects in the two Indian sites,
and 3% or less in the other sites. Short-term contraceptive
methods (oral or injectable hormonal contraceptives or
condoms) were used by more than 90% of those using
modern contraception in the African sites.
Unmet need for family planning
Amongst women who wished to delay or prevent a future
pregnancy, 50% had an unmet need for family planning
services. One in five women expressed a desire to prevent
all future pregnancies. Almost half of these women were
not using a modern contraceptive at the time of the
interview. Of the 65% of women who expressed a desire
for more children, 91% wished to delay their next pregnancy by at least a year. Amongst this group, 70% were
not using a modern contraceptive method. Of the
women who were undecided about whether they want
another child or not, 75% were not using a modern contraceptive method (Figure 1).
In Zambia, the overall contraceptive usage rate was
74%; however, 22% of women seeking to prevent birth
and 26% of women wanting to delay their next pregnancy had an unmet need for family planning. Similarly,
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Table 1. Post-partum contraceptive use and reproductive intention in sites of the Global Network 2011 - 2013
Country
Site

Guatemala

Zambia

Kenya

Pakistan

Chimaltenango

Kafue

Western Kenya

Thatta

Belgaum

Nagpur

10

10

16

24

20

20

4,460

1,618

7,140

13,460

1,679

8,330

2,042 (67.6)

323 (25.5)

2,695 (46.0)

10,055 (96.6)

871 (64.0)

2,307 (31.6)

Clusters, n
Forms completed, n

India

Unmet need, n (%)
Total
To limit pregnancies

540 (58.3)

35 (22.4)

388 (36.1)

1,639 (92.4)

190 (41.9)

733 (23.5)

To space pregnancies

1,502 (71.7)

288 (25.9)

2,307 (48.2)

8,416 (97.4)

681 (75.0)

1,574 (37.6)

Contraceptive use, n (%)
Total

1,150 (25.8)

1,189 (73.7)

3,645 (51.1)

540 (4.0)

549 (32.7)

5,465 (65.6)

To limit

387 (41.7)

121 (77.6)

688 (63.9)

134 (7.6)

263 (58.1)

2,384 (76.5)

To space

602 (27.2)

866 (73.5)

2,533 (49.5)

233 (2.4)

238 (22.8)

2,767 (59.5)

in Nagpur, India, 23% of women who wanted no more
pregnancies at all and 38% of women who wanted to
delay their next pregnancy by at least a year had an
unmet need for family planning. In Kenya 36% of
women had an unmet need for family planning to prevent births and 48% an unmet need for birth spacing. In
the sites with lower rates of contraceptive usage, the
unmet need was even higher (Table 1).
The women at greatest risk for having an unmet need
for family planning were young women below the age of
20 years. Compared to women over the age of 30, these
young mothers were more likely to report wanting to
limit or delay future pregnancies whilst not using any
family planning method (aRR=1.24; 95% CI: 1.16-1.33).
In our data, unmet need is slightly higher amongst
women with a parity of two or less (aRR=1.05; 95% CI:
1.02-1.08), woman with no formal education (aRR=1.05;
95% CI: 1.02-1.07) and women who deliver at home

(aRR=1.05; 95% CI: 1.01-1.10). None of the other variables in the model, including outcome of last birth, gender of recently delivered child, or access to antenatal care
were significantly related to unmet need for family planning. (Table 3)

Discussion
The six sites of the Global Network included in this study
span five low and low-middle income countries across
three continents, having unique geographic, social, religious and contextual characteristics. Despite these differences, at six weeks postpartum, almost all women are
consistent in their desire to delay or prevent a future
pregnancy. This constancy of pregnancy intention does
not correlate with actual usage of a modern contraceptive
method, which varies substantially between the sites from
a low of 4% in Thatta, Pakistan to a high of 73.5% in
Kafue, Zambia.

Table 2. Contraceptive mix among women using a modern contraceptive method across Global Network sites,
2011-2013
Country
Site

Guatemala

Zambia

Kenya

Pakistan

India

Chimaltenango

Kafue

Western Kenya

Thatta

Belgaum

Nagpur

Any modern contraceptive method, n

1,150

1,189

3,645

540

549

5,465

Injectable hormonal contraceptives, n (%)

721
(63%)

469
(39%)

2,171
(60%)

131
(24%)

1
(0%)

1
(0%)

Birth control pills, n (%)

43
(4%)

463
(39%)

897
(25%)

69
(13%)

76
(14%)

276
(5%)

Condoms, n (%)

39
(3%)

234
(20%)

266
(7%)

96
(18%)

124
(23%)

2,637
(48%)

Intrauterine device, n (%)

8
(1%)

40
(3.4%)

86
(2.4)

11
(2%)

80
(14.6)

687
(12.6%)

Vasectomy, n (%)

2
(0%)

0
(0%)

0
(0%)

8
(2%)

1
(0%)

88
(2%)

Tubal ligation, n (%)

160
(14%)

10
(1%)

108
(3%)

166
(31%)

244
(44%)

1,771
(34%)

Other method, n (%)

177
(15%)

54
(5%)

148
(4%)

17
(3%)

8
(2%)

6
(0%)
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Figure 1 Fertility intentions, contraceptive usage and unmet need
for family planning across the Global Network sites

Despite this difference in contraceptive usage rates,
across all sites, there is a clear link between occurrence
of unmet need for family planning and young age.
Women below the age of 20 years are most likely to
have unmet need for family planning. This is particularly concerning as pregnancy and childbirth are the
leading causes of death among females between 15 to
19 years of death [35]. These data suggest that postpartum family planning programs need to prioritize provision of care to young mothers, for whom delaying a
subsequent pregnancy could be potentially life-saving.
The high rates of early postpartum contraceptive
usage in two of the Network’s six sites, specifically
Kafue, Zambia, and Nagpur, India are encouraging. This
suggests that it is possible for women in the postpartum

Table 3. Unmet Need for Family Planning in the Global Network sites 2011 - 2013
Characteristic

Unmet Need for Family
Planning N (%)

Met Need for Family
Planning N (%)

Relative Risk1 Adjusted by
Site (95% CI)

Multi-variable Analysis Adjusted
Relative Risk2(95% CI)

Maternal age
(years)
< 20

1,859 (10.8)

970 (9.3)

1.28 (1.18, 1.39)

1.24 (1.16, 1.33)

20-29

11,381 (66.1)

8,056 (77.1)

1.05 (1.02, 1.08)

1.02 (1.00, 1.04)

≥ 30

3,965 (23.0)

1,429 (13.7)

–

–

No formal
education

8,500 (49.4)

799 (7.6)

1.04 (1.01, 1.07)

1.05 (1.02, 1.07)

Any formal
education

8,705 (50.6)

9,656 (92.4)

–

–

Maternal
education

Parity
0-2

11,606 (67.5)

8,329 (79.7)

1.09 (1.04, 1.14)

1.05 (1.02, 1.08)

≥3

5,599 (32.5)

2,126 (20.3)

–

–

15,322 (89.1)

10,329 (98.8)

–

1,883 (10.9)

126 (1.2)

1.01 (0.98, 1.04)

Hospital

5,683 (33.0)

4,540 (43.4)

–

–

Clinic

3,991 (23.2)

3,138 (30.0)

1.01 (0.98, 1.05)

1.02 (0.98, 1.05)

Home/Other

7,531 (43.8)

2,777 (26.6)

1.05 (1.00, 1.10)

1.05 (1.01, 1.10)

Male

8,826 (51.3)

5,445 (52.1)

–

–

Female

8,379 (48.7)

5,010 (47.9)

1.02 (1.00, 1.03)

1.02 (1.00, 1.03)

16,219 (94.3)

10,215 (97.7)

–

Neonatal
mortality

507 (2.9)

125 (1.2)

1.05 (0.99, 1.10)

Stillbirth

479 (2.8)

115 (1.1)

1.02 (0.97, 1.07)

Antenatal care
Any
None
Delivery location

Infant gender

Neonatal status
Baby alive until 6
weeks

1

Relative Risks obtained from a Poisson regression model adjusting for site and a single demographic characteristic with general estimating equations adjusting
for cluster.
2
Relative Risks obtained from a multivariate Poisson regression model adjusting for site, maternal age, maternal education, parity, delivery location and infant
gender with general estimating equations adjusting for cluster.
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period to translate their desire to delay or prevent a
pregnancy into practice. However, this success is tempered as almost all women not using a contraceptive
method in both of these sites have an expressed preference for delaying or preventing future pregnancies.
Even amongst women using a modern contraceptive
method in most sites, including Kafue, Zambia, the rate
of uptake of the most effective methods for reliably spacing births, i.e. long-acting reversible contraceptives is
very low. The exceptions are seen in both Indian sites.
As demonstrated in the site at Nagpur, India, it is possible to raise overall contraceptive usage and to increase
uptake of intrauterine devices within six weeks of delivery. Delivery at a health care facility presents an ideal
opportunity for IUD insertion. Immediate post-partum
insertion of intrauterine devices is safe and effective,
though expulsion rates appear to be higher than with
interval insertion. As demonstrated by the data from the
Global Network sites, motivation to delay or prevent
future pregnancies is high during this period [36]. In
sites such as Nagpur, where postnatal follow-up occurs
more reliably, interval insertion, i.e. at six weeks postpartum may be a reasonable option.
The very low usage of contraceptive methods in
Thatta, Pakistan is a cause of concern. In fact, this is
much lower than the overall rate of contraceptive use in
the country as measured by the Pakistan Demographic
and Health Survey (PDHS) 2013, which estimates that
23.1% of women resident in rural areas use a modern
family planning method [37]. This may be reflective of
local variation, as the data for this paper are restricted
to a single rural district in Sindh province. Conversely,
it may indicate that uptake of modern contraceptive
methods is particularly poor early in the postpartum
period. According to PDHS data, two months after
delivery, most women in Pakistan have resumed sexual
activity. Thus the need for early postpartum adoption of
contraception is particularly important for prevention of
unwanted or mistimed pregnancy.
The persistence of unmet need for family planning,
particularly the high rate of unmet need amongst
women who express a preference for more children but
wish to delay future pregnancies, points to an important
gap in service provision, particularly in those sites with
low contraceptive usage rates.
At six weeks postpartum, when the data for this study
were collected, approximately 90% of women who
receive counseling regarding exclusive breastfeeding,
practice it (data not shown). One of the weaknesses in
this study is the lack of information on the effective use
of lactational amenorrhea (LAM). We do not know
what proportion of women in the study view their
breastfeeding as a form of contraception, thus delaying
adoption of a modern family planning method.
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However, data from other developing countries shows
that only 26 percent of reported LAM users meet the
criteria for correct LAM practice [38]. Thus, while
reported exclusive breastfeeding rates are high, the
number of women protected from unwanted pregnancy
through this practice is unknown.
We report the results from specific sites in the Global
Network countries, which may not be reflective of the
each country as a whole. However, the consistency of
women’s expressed wish to delay or limit future pregnancies at 6 weeks postpartum points to the importance
of early provision of family planning services. Similarly,
the findings regarding high rates of unmet need, which
are consistent across all sites, point to the need for
further research for interventions to improve access to
family planning services for this group.
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Abstract
Background: Early initiation of breastfeeding after birth and exclusive breastfeeding through six months of age
confers many health benefits for infants; both are crucial high impact, low-cost interventions. However,
determining accurate global rates of these crucial activities has been challenging. We use population-based data to
describe: (1) rates of early initiation of breastfeeding (defined as within 1 hour of birth) and of exclusive
breastfeeding at 42 days post-partum; and (2) factors associated with failure to initiate early breastfeeding and
exclusive breastfeeding at 42 days post-partum.
Methods: Prospectively collected data from women and their live-born infants enrolled in the Global Network’s
Maternal and Newborn Health Registry between January 1, 2010-December 31, 2013 included women-infant dyads
in 106 geographic areas (clusters) at 7 research sites in 6 countries (Kenya, Zambia, India [2 sites], Pakistan,
Argentina and Guatemala). Rates and risk factors for failure to initiate early breastfeeding were investigated for the
entire cohort and rates and risk factors for failure to maintain exclusive breastfeeding was assessed in a sub-sample
studied at 42 days post-partum.
Result: A total of 255,495 live-born women-infant dyads were included in the study. Rates and determinants for
the exclusive breastfeeding sub-study at 42 days post-partum were assessed from among a sub-sample of 105,563
subjects. Although there was heterogeneity by site, and early initiation of breastfeeding after delivery was high, the
Pakistan site had the lowest rates of early initiation of breastfeeding. The Pakistan site also had the highest rate of
lack of exclusive breastfeeding at 42 days post-partum. Across all regions, factors associated with failure to initiate
early breastfeeding included nulliparity, caesarean section, low birth weight, resuscitation with bag and mask, and
failure to place baby on the mother’s chest after delivery. Factors associated with failure to achieve exclusive
breastfeeding at 42 days varied across the sites. The only factor significant in all sites was multiple gestation.
Conclusions: In this large, prospective, population-based, observational study, rates of both early initiation of breastfeeding
and exclusive breastfeeding at 42 days post-partum were high, except in Pakistan. Factors associated with these key
breastfeeding indicators should assist with more effective strategies to scale-up these crucial public health interventions.
Trial registration: Registration at the Clinicaltrials.gov website (ID# NCT01073475).
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Background
Breast milk, recommended as the best feeding option for
neonates and young infants, provides many immunological, psychological, social, economic, and environmental
benefits. The global recommendations of the World
Health Organization (WHO) are that (1) all infants
should start breastfeeding within one hour of birth (early
initiation of breastfeeding, EIBF) and (2) be exclusively
breastfed (EBF; only breast milk, no other liquids or
solids, not even water, with the exception of oral rehydration solution [ORS], or drops/syrups of vitamins, minerals or medicines) up to 6 months of age, then partially
breastfed thereafter as part of a comprehensive complementary feeding strategy up to 2 years of age [1]. EIBF
and EBF are also recommended for HIV-infected women
who receive combination antiretroviral treatment regimens for prevention of mother-to-child transmission of
HIV; early cessation of breastfeeding has been associated
with a significantly increased risk of morbidity among
older, HIV-exposed African children [2].
EIBF is low-cost and has substantial potential to reduce
neonatal and early infant morbidity [3-7] and mortality
[8-10]. Despite these benefits, less than 40% of infants in
resource limited settings are breastfed within an hour of
birth [11]. Similarly, despite the recommendation for EBF
up to age six months, global rates of EBF at six months
of age are low [12] and EBF rates fall within a few weeks
after birth [13,14]. Identifying barriers and facilitators to
EIBF and EBF is important in order to develop feasible
and sustainable strategies by which to improve global
coverage of these key public health interventions.
Much of the data on rates and determinants of EIBF
and EBF come from national Demographic and Health
Surveys (DHS) [15-18]. These cross-sectional surveys are
retrospective and rely on mother’s recall of timing of
initiation of breast feeding and duration of EBF; as such,
they may not provide accurate information on either the
population-based rates of, or barriers to, EIBF and EBF.
To address these methodological limitations and gaps in
the current global evidence-base, we conducted a secondary analysis of data prospectively collected in the multicountry, population based Maternal and Newborn Health
Registry (MNHR) of the Global Network for Women’s
and Children’s Health Research (Global Network) [19].
The objectives of the study were to prospectively investigate in low-resource global regions: (1) overall, regional,
and site-specific rates of EIBF prior to one hour after
delivery and EBF at 42 days post-partum; and (2) factors
associated with failure to achieve EIBF and EBF.
Methods
Study design and setting

The study was conducted using prospectively collected data
from 106 clusters at 7 sites in six countries participating in
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the MNHR, conducted between January 1, 2010 and
December 31, 2013. The MNHR is supported by the Eunice
Kennedy Shriver National Institute of Child Health and
Human Development’s (NICHD’s) Global Network, a
multi-site research network representing partnerships of
U.S. and international investigators at study sites in Argentina, Guatemala, India (2 sites; Nagpur and Belgaum),
Pakistan, Kenya, and Zambia. Detailed methods utilized by
the MNHR have been previously published [19].
Participants

Briefly, pregnant women are registered either at the earliest point of contact with the public health system or via
active surveillance in the study communities (“clusters”)
by MNHR public health staff. The women are followed
throughout pregnancy, after delivery at a perinatal follow-up visit, and through 42 days after birth to obtain a
variety of maternal and infant outcomes. Study data are
collected by trained registry administrators, generally
nurses or health workers, with oversight by local and
central investigators.
Ethics review

The Institutional Review Boards and Ethics Research
Committees of the participating institutions, and the
Ministries of Health of the respective countries approved
the MNHR. Prior to initiation of the study, approval was
obtained from the participating communities through
sensitization meetings. Individual informed consent for
study participation is requested from each study participant. No monetary reimbursements are provided to
study participants nor to the communities participating
in the study. A Data Monitoring Committee, appointed
by the NICHD, oversees and reviews the study at annual
meetings.
Data collection procedures

Data in the MNHR include socio-demographic variables,
obstetric history, and health care seeking behavior during the antenatal and postnatal periods, delivery outcomes, maternal and newborn complications,
recommendations received about breastfeeding, and
referrals and health status of the mother/infants. In
addition to enrolment during pregnancy, two postnatal
visits were conducted: the first within one week after
delivery (perinatal visit) and the other at day 42 postpartum. All study data were obtained by trained interviewers who were unaware of the study hypotheses and
recorded maternal responses on standardized case report
forms. Data were collected and entered and edited at
each study site and transmitted through secure methods
to a central data coordinating center (RTI International).
All analyses were performed with SAS version 9.3 (SAS
Institute, Cary, NC, USA).
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Statistical analyses
Outcomes

EIBF was defined as initiation of breastfeeding within one
hour after delivery, based on the maternal report, at the
perinatal visit, of how soon after birth the child was given
breast milk. Exclusive breastfeeding at 42 days of life was
defined as the baby having received no other food,
liquids, or substances (exclusive of medication, immunizations, ORS drops, or vitamin supplements) other than
breast milk at the 6-week follow-up visit.
Analysis

We calculated the overall rates of EIBF and EBF at 42 days
of life and also examined rates by global region and GN
site. Because of cultural differences associated with the
sites, we examined these factors by region. To assess regional differences, we grouped the two sub-Saharan African
sites (Zambia and Kenya), the two Indian sites (Nagpur
and Belgaum, India), and Latin American sites (Argentina
and Guatemala) and considered the Pakistan site separately. The models were developed for both EIBF and EBF
with covariates examined for each region or site separately.
Based on demographic factors associated with breastfeeding in the literature, we first evaluated the individual
association of factors with breastfeeding using a cut-off of
p < 0.1 for each region. Then using the demographic characteristics significant in at least one region as covariates,
we developed a multivariable model to assess the risk of
EIBF and EBF associated with each. As a final step, we
developed a reduced model with only the factors that
remained significant in the multivariate multivariable
model and calculated point and interval estimates of risk
ratios using multivariable generalized linear regression
models with a Poisson distributional assumption and a log
link. We used the empirical covariance matrix with generalized estimating equations to account for correlation of
outcomes within clusters to assure appropriately sized
p-values and confidence intervals.
For a sub-sample of the study participants, we also
explored the association of the co-variables (including
lack of EIBF) on not exclusively breastfeeding by day 42
for infants alive at day 42. Because many very low birthweight infants (<1500 g) were not alive at 42 days, we utilized two birth weight categories (<2500 grams, >= 2500
grams), rather than multiple birth weight categories as in
the EIBF model. Additionally, the Argentina site did not
participate in this sub-study. All other aspects of the
modelling for the EBF analysis were the same as for EIBF.

Results
Early initiation of breastfeeding
Enrollment Flow Diagram (Figure 1)

During the study period, 282,626 women were enrolled
in the MNHR of which 3,508 were lost to follow-up.

Figure 1 CONSORT Diagram for study and exclusive breastfeeding
at 42 day sub-study

There were 259,161 live infants at the perinatal followup visit. Our sample included 255,495 women who had
responded to the question about whether EIBF had
occurred. This included 61,232 women from the African
sites (24% of total sample), 157,834 women from the
Asian sites (61% of total sample) and 38,159 women
from the Latin American sites (15% of total sample).
Figure 2 shows the rates of EIBF at the different sites,
ranging from 23.9% in the Pakistan site to 92.4% in the
Zambian site.
Demographic characteristics

Overall, 84% of the mothers were 20 to 35 years of age
(Table 1). About 24% of the population overall had no
formal education; however, in the Pakistan site, 83% of
women lacked formal education. Women with primary
education comprised 63% in the sites in Africa and Latin
America whereas in the Indian sites, 25% had primary
education and 48% had secondary education. Parity
greater than two was observed in 47% of women in the
Pakistan site, about one-third of women in the African
and Latin American sites, and only in 5% of women from
the sites in India. Having an initial antenatal visit in the
first trimester ranged from 3.8% in Kenya to more than
60% in both Indian sites. Rates of caesarean section were
12.4% overall and highest in the Argentina site while <2%
of women in the African sites reported delivery by
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contributed 23,056 deliveries (22%), the Asian sites contributed 66,118 deliveries (63%) and the Guatemalan site
15,597 (15%). EIBF in this subsample was slightly lower
(63%) than for the entire study period (75% as reported
above), but otherwise the demographic characteristics of
women were similar to that of the main cohort (data not
shown).
Rates of exclusive breastfeeding on day 42 of life (Figure 3)

Figure 2 Rates of early initiation of breastfeeding within one hour
of delivery in the Global Network sites by region, 2010-2013

caesarean section. Only 2% of women were delivered by
physicians in Africa, with most women reporting nurse/
midwives, traditional birth attendants (TBAs) or family
members as birth attendants. At the Indian sites, 96% of
the deliveries were conducted by physicians or nurse/
midwives, as compared to 52% in the Pakistan and 72%
in the Latin American sites. The remaining deliveries in
the Pakistan and Latin American sites were conducted by
TBAs. The rates of multiple births (1.5%) and gender
ratios were similar across study sites. The low birth
weight rate (<2500 g) was about 10% overall, with highest
rates in the Indian and Pakistan sites. Women in the
Pakistan site also reported the highest rates of newborn
resuscitation, at 4.6%, and had very low rates of the baby
being placed on the mother’s chest (6.6%).
Factors associated with lack of EIBF (Table 2)

In the adjusted, multivariable model, the common statistically significant determinants of lack of EIBF across the
regions were nulliparity, caesarean section, low birth
weight, resuscitation with bag and mask and failure to
place baby on the mother’s chest after delivery. In the
African sites, older maternal age was also associated with
lack of EIBF. Across the sites, lower levels of maternal
education were associated with a slight increase in lack of
EIBF but results were not consistent. In the Pakistan site,
EIBF was more likely if the delivery was conducted by a
TBA. This association was also observed in the Latin
American sites. Male babies were significantly less likely
to receive EIBF in the African and Latin American sites.
Exclusive breastfeeding on day 42 of life

For a sample of the original cohort, a survey was conducted at the 42-day follow-up visit to assess factors
associated with EBF. This survey was conducted for
mothers who had received ANC during pregnancy whose
infants were alive at 42 days postnatal. The Argentinian
site did not participate. The Kenyan and Zambian sites

Rates of EBF at 42 days after birth ranged from 76% to
99.5% across participating Global Network sites. The
Indian sites reported the highest rates of EBF at the 42-day
follow-up visit (Belgaum, 99.5%; Nagpur, 99.0%), followed
by the sites in Zambia (98.7%), Kenya (85.5%), and Guatemala (84.6%). The lowest rate of EBF at 42 days after birth
was observed in the Pakistan site (75.9%).
Factors associated with lack of exclusive breastfeeding on
day 42 of life (Table 3)

In the adjusted, multivariable model, multiple birth was
a significant risk factor for failure to EBF across all sites.
In the African sites, 15% of women did not EBF and the
associated risk factors were lower (<20) or higher (>35)
maternal age. In the Guatemalan site, 15% of women
also reported failure to EBF. Factors associated with lack
of EBF in this setting included: maternal age >35 years,
nulliparity, LBW, resuscitation of the newborn, and lack
of EIBF. Among women in the Guatemalan site, younger
maternal age, lower education levels, delivery by TBAs
and late initiation of ANC were associated with higher
rates of EBF at 42 days postnatal. In the Pakistan site,
factors that were associated with failure to achieve EBF
also included maternal age >35 years, delivery by caesarean section, and nulliparity. Factors that were not significantly associated with EBF included infant gender,
delivery mode and placement of infant on mother’s
chest after birth (data not shown).

Discussion
A major finding of our study was that the overall rate of
EIBF was higher, at 75%, than has been typically reported
in prior studies using DHS survey data [15-18,20-22]. We
observed some site-specific variations in EIBF, with the
lowest rate observed in Pakistan. Some variation in rates
between sites may have been due in part to health systemwide disruptions in service delivery (e.g., floods in Pakistan,
2010; health worker strikes in Kenya, 2012). However, the
lower rates of EIBF and EBF observed in the Pakistan site
in the current study have also been noted in prior investigations [23,24]. It is interesting to note that the Pakistan
site differs from others within the Global Network, in that
women face many additional risk factors that have been
shown, in previous studies, to interfere with EIBF. These
include: higher rates of women who have no formal education (83%); women with higher parity (47% parity of 2 or
more); later initiation of antenatal care in the 3rd trimester
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Table 1. Demographic characteristics of women in the Global Network’s Maternal Neonatal Health Registry by site in
the years 2010 - 2013
African Sites

Indian Sites

Latin America Sites

Kenya

Zambia

Belgaum

Nagpur

Pakistan

Argentina

Guatemala

Total

< 20

7,503 (21.7)

6,712 (25.2)

7,250 (9.5)

725 (1.9)

1,694 (3.9)

2,636 (27.3)

4,663 (16.4)

31,183 (12.1)

20-35

25,575 (74.1) 17,832 (67.0) 68,858 (90.3) 36,634 (97.8) 39,804 (90.7) 6,293 (65.1) 20,837 (73.3) 215,833 (84.0)

Maternal age, N (%)

> 35

1,421 (4.1)

2,086 (7.8)

124 (0.2)

1,048 (3.0)

2,789 (10.5)

97 (0.3)

2,389 (5.4)

738 (7.6)

2,942 (10.3)

243 (2.5)

9,797 (3.8)

Education, N (%)
No formal education

15,611 (20.6)

1,140 (3.0)

36,256 (82.7)

5,454 (19.2)

62,541 (24.4)

Primary

24,636 (71.4) 14,573 (55.0) 25,060 (33.1)

6,440 (17.2)

3,398 (7.7)

5,993 (62.5) 17,943 (63.1)

98,043 (38.3)

Secondary

7,581 (22.0)

8,669 (32.7)

28,003 (37.0) 22,260 (59.5)

2,648 (6.0)

3,201 (33.4)

4,759 (16.7)

77,121 (30.1)

University+

1,243 (3.6)

473 (1.8)

7,596 (20.3)

1,554 (3.5)

149 (1.6)

288 (1.0)

18,348 (7.2)

0

8,609 (24.9)

7,170 (26.9)

32,203 (42.5) 17,953 (47.9)

9,041 (20.6)

3,165 (32.9)

7,950 (27.9)

86,091 (33.6)

1-2

13,403 (38.8) 10,037 (37.7) 38,592 (50.9) 18,553 (49.5) 14,259 (32.5) 3,746 (38.9) 10,259 (36.1) 108,849 (42.4)

>2

12,496 (36.2)

9,438 (35.4)

1,232 (3.8)

2,169 (8.3)

7,045 (9.3)

Parity, N (%)

5,041 (6.6)

970 (2.6)

20,624 (47.0) 2,723 (28.3) 10,242 (36.0)

61,534 (24.0)

Trimester for first ANC visit, N (%)
First

46,710 (63.1) 28,973 (77.5)

8,575 (24.1)

3,213 (37.3) 11,429 (41.5) 102,301 (42.3)

Second

19,101 (58.8) 18,823 (71.9) 23,144 (31.2)

7,317 (19.6)

11,425 (32.1) 3,873 (45.0) 12,146 (44.1)

95,829 (39.6)

Third

12,133 (37.4)

1,075 (2.9)

15,606 (43.8) 1,525 (17.7)

43,724 (18.1)

5,182 (19.8)

4,209 (5.7)

3,994 (14.5)

Delivery mode, N (%)
Vaginal

33,666 (97.4) 26,173 (98.1) 65,197 (85.4) 29,568 (78.9) 37,468 (85.1) 6,294 (64.9) 23,118 (81.2) 221,484 (86.1)

Vaginal assisted

410 (1.2)

235 (0.9)

208 (0.3)

417 (1.1)

2,428 (5.5)

13 (0.1)

24 (0.1)

3,735 (1.5)

C-section

477 (1.4)

271 (1.0)

10,902 (14.3)

7,498 (20.0)

4,144 (9.4)

3,394 (35.0)

5,313 (18.7)

31,999 (12.4)

596 (1.7)

546 (2.0)

44,515 (58.3) 22,495 (60.0) 11,140 (25.3) 7,011 (72.3) 12,246 (43.0)

Birth attendant, N (%)
Physician
Nurse/Midwife/HW

14,002 (40.5) 14,916 (55.9) 27,615 (36.2) 13,736 (36.6) 11,691 (26.5) 2,641 (27.2)

TBA

15,749 (45.6)

6,954 (26.1)

1,867 (2.4)

1,015 (2.7)

20,400 (46.3)

Family/Other

4,206 (12.2)

4,263 (16.0)

2,310 (3.0)

237 (0.6)

34,931

26,875

76,782

37,714

740 (2.1)

398 (1.5)

940 (1.2)

474 (1.3)

Live births (neonates), N
Multiple birth, N (%)
Male gender, N (%)

98,549 (38.3)

511 (1.8)

85,112 (33.1)

2 (0.0)

15,616 (54.9)

61,603 (24.0)

810 (1.8)

42 (0.4)

83 (0.3)

11,951 (4.6)

44,472

9,763

28,624

259,161

878 (2.0)

124 (1.3)

345 (1.2)

3,899 (1.5)

17,653 (50.5) 14,126 (52.6) 39,775 (51.8) 19,612 (52.0) 23,220 (52.2) 5,040 (51.7) 14,549 (50.8) 133,975 (51.7)

Birth weight

34,902

26,871

76,770

37,700

44,413

9,756

28,621

< 1000g

3 (0.0)

11 (0.0)

33 (0.0)

5 (0.0)

14 (0.0)

16 (0.2)

16 (0.1)

98 (0.0)

1000-1499g

24 (0.1)

42 (0.2)

289 (0.4)

152 (0.4)

209 (0.5)

34 (0.3)

81 (0.3)

831 (0.3)

836 (2.4)

1,151 (4.3)

9,396 (12.2)

5,128 (13.6)

5,990 (13.5)

483 (5.0)

3,355 (11.7)

26,339 (10.2)

1500-2499g
≥ 2500g
Bag and mask resuscitation, N (%)
Baby placed on mother’s chest
after delivery, N (%)

259,033

34,039 (97.5) 25,667 (95.5) 67,052 (87.3) 32,415 (86.0) 38,200 (86.0) 9,223 (94.5) 25,169 (87.9) 231,765 (89.5)
531 (1.5)

460 (1.7)

2,688 (3.5)

1,034 (2.8)

20,231 (58.2) 20,853 (78.6) 43,337 (58.6) 23,066 (62.5)

(44%); higher percentage of babies who required resuscitation (5%); and the lowest rate of babies placed on the
mother’s chest after delivery (7%) [23-26].
Our study also confirmed several factors generally
associated with lack of EIBF such as nulliparity, delivery
by caesarean section, the neonate not being put on the
mother’s chest after delivery, multiple births, male gender (Africa and Latin America), low birth weight, and if

2,027 (4.6)
2,920 (6.6)

369 (3.8)

285 (1.0)

7,394 (2.9)

7,563 (78.5) 14,602 (51.4) 132,572 (52.1)

the neonate was resuscitated. Our study supported previous research that delivery by caesarean section is a
consistent barrier to EIBF, even in the absence of any
neonatal condition that interferes with early initiation of
breastfeeding [16,18,27,28]. This is significant, as it
delineates a major interventional target by which to
improve EIBF in resource-limited settings [29], especially given the recent increase in institutional deliveries
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Table 2. Factors associated with lack of early initiation of breastfeeding within Global Network sites by region for the
years 2010 -2013*
African Sites
%
Maternal Age

RR (95% CI),
P value

Indian Sites
%

0.0052

RR (95% CI),
P value

The Pakistan Site
%

NS

RR (95% CI),
P value

Latin American Sites
%

NS

NS

< 20

23.4

1.02 (0.97, 1.08),
0.4577

5.7

3.9

21.8

20-35

70.6

1.0

94.0

90.7

69.2

> 35

6. 0

1.09 (1.03, 1.15),
0.0014

0.3

5.4

9.0

No formal education

6.8

1.19 (0.99, 1.43),
0.0668

11.8

0.95 (0.76, 1.17),
0.6094

82.7

Primary

63.2

1.16 (1.03, 1.30),
0.0124

25.1

1.24 (0.92, 1.67),
0.1511

7.8

1.04 (1.0, 1.07),0.0250 62.9

Secondary

27.3

1.06 (0.94, 1.20),
0.3487

48.3

1.03 (0.95, 1.12),
0.4557

6.0

1.0 (0.97, 1.04),0.7766 25.0

University or higher

2.7

1.0

14.8

1.0

3.5

Education

<.0001

Parity

0.0003

0.0013

0

25.9

1-2
>2

0.0121

0.0236

1.0

NS
10.8

1.3

<.0017

45.2

38.3

1.0

50.2

1.0

32.5

1.0

37.5

1.0

35.8

0.94 (0.91, 0.98),
0.0013

4.6

1.16 (1.0, 1.35),
0.0489

47.0

1.02 (1.00, 1.03),
<.0610

32.1

0.94 (0.90, 0.99),
<.0245

NS

20.5

0.0279

1.02 (1.01, 1.04),
<.0006

<.0001

1.15 (1.01, 1.31),
0.0294

Trimester of first ANC

1.04 (1.0, 1.08),
0.0353

1.05 (1.01, 1.08),
0.0057

RR (95% CI),
P value

30.4

NS

NS

First

6.1

70.3

1.0

24.1

39.4

Second

65.3

25.4

0.76 (0.58, 0.99),
0.0420

32.1

44.5

Third

28.6

4.3

0.49 (0.29, 0.84),
0.0093

43.8

16.1

Delivery mode

<.0001

<.0001

1.19 (1.09, 1.29),
<.0001

<.0001

<.0001

Vaginal

97.8

1.0

82.2

1.0

85.1

1.0

73.0

1.0

Vaginal assisted

1.0

1.26 (0.97, 1.62),
0.0796

0.7

0.75 (0.33, 1.71),
0.4892

5.5

1.07 (1.03, 1.11),
0.0002

0.1

1.24 (0.71, 2.17),
0.4480

C-section

1.2

2.06 (1.67, 2.54),
<.0001

17.1

3.76 (1.77, 7.99),
0.0006

9.4

1.21 (1.13, 1.29),
<.0001

26.9

2.26 (1.74, 2.93),
<.0001

Birth attendant

NS

0.0001

0.0020

<.0001

Physician

1.9

59.1

1.0

25.3

1.0

57.6

1.0

Nurse/Midwife/HW

48.2

36.5

0.75 (0.55, 1.04),
0.0819

26.6

1.02 (0.97, 1.06),
0.4955

14.6

0.95 (0.69, 1.30),
0.7309

TBA

35.8

2.6

0.87 (0.43, 1.78),
0.7077

46.3

0.95 (0.91, 1.00),
0.0410

27.5

0.56 (0.41, 0.77),
<.0004

Family/Other

14.1

1.8

2.22 (1.04, 4.71),
0.0385

1.8 1.0 (0.94, 1.06), 0.9867 0.3

1.37 (1.14, 1.64),
0.0008

<.0001

NS

Multiple birth

<.0001

NS

Yes

1.8

1.65 (1.47, 1.86),
<.0001

1.2

2.0

1.08 (1.04, 1.11),
<.0001

1.2

No

98.2

1.0

98.8

98.0

1.0

98.8

Male

51.6

1.04 (1.01, 1.07),
0.0077

51.9

52.2

NS

51.2

Female

48.4

1.0

48.1

Gender

Birth weight

0.0077

<.0001

<0.0008
NS

47.8
<.0001

48.8
<.0001

1.07 (1.03, 1.12),
<.0008
1.0
<.0001
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Table 2. Factors associated with lack of early initiation of breastfeeding within Global Network sites by region for the
years 2010 -2013* (Continued)
< 1000g

0.0

3.07 (2.09, 4.51),
<.0001

0.0

3.32 (1.57, 6.99),
0.0016

0.0

1.29 (1.17, 1.41),
<.0001

0.1

2.03 (1.60, 2.57),
<.0001

1000-1499g

0.1

2.42 (1.94, 3.02),
<.0001

0.4

2.63 (1.83, 3.77),
<.0001

0.5

1.08 (0.99, 1.18),
0.0707

0.3

2.25 (1.90, 2.66),
<.0001

1500-2499g

3.4

1.48 (1.32, 1.65),
<.0001

12.9

1.33 (1.06, 1.68),
0.0134

13.5

1.05 (1.03, 1.08),
<.0001

8.4

1.35 (1.23, 1.47),
<.0001

≥ 2500g

96.5

1.0

86.7

1.0

86.0

1.0

91.2

Bag and mask resuscitation

<.0001

Yes

1.6

No

98.4

Baby on mother’s chest after
delivery

<.0001

2.15 (1.78, 2.61),
<.0001

3.1

1.0

96.9

<.0001

<.0001

2.22 (1.84, 2.69),
<.0001

4.6

1.0

95.4

<0.0001

1.0
<.0001

1.10 (1.05, 1.15),
<.0001

2.4

1.0

97.6

<.0001

2.05 (1.74, 2.41),
<.0001
1.0
<.0001

Yes

68.4

1.0

60.6

1.0

6.6

1.0

64.9

1.0

No

31.6

1.98 (1.65, 2.37),
<.0001

39.4

4.34 (2.67, 7.05),
<.0001

93.4

1.67 (1.46, 1.91),
<.0001

35.1

3.30 (2.32, 4.68),
<.0001

*Poisson multivariable reduced model with generalized estimating equations accounting for cluster; NS = Not significant

and caesarean section rates, particularly in India. There is
also a need to reinforce essential newborn care training
and education among health workers and families, with
emphasis on immediate skin to skin contact after delivery
and initiation of breastfeeding within the first hour, especially focusing on low birth weight and premature babies
[30-32].
It is unclear why male babies were less likely to have
EIBF, but as described elsewhere, there may be cultural
beliefs surrounding the birth of males that discourage
immediate breastfeeding [23,33-35]. Additionally, in
some regions, such as Guatemala, cultural factors such as
those related to the belief that colostrum is “dirty” can
serve as barriers to EIBF. The role of nulliparity in lack of
EIBF may be related to some interplay between maternal
age, lack of knowledge, and cultural beliefs, but also provides a group that can be targeted for interventions to
improve EIBF rates.

Figure 3 Rates of exclusive breastfeeding at 6-weeks in the Global
Network sites by region, 2010-2013

Our study also highlights the importance of EIBF to
increase early rates of EBF, at least through day 42 of life.
Edmond et al demonstrated that EIBF has the potential
to save 22% of neonatal deaths and 16% of all infant
deaths [8]. Lack of EIBF may, in particular, be related to
an increased risk of mortality due to infection [5,8,36,37].
In our study, lower birth weight is a risk factor for both
lack of EIBF and has also been associated with mortality
risk. With increasing survival of lower birth weight babies
in resource limited settings, interventions to improve
EIBF rates should be considered. Our results also highlight the fact that sicker and/or smaller babies are more
likely to have feeding problems overall, including inability
to initiate early breastfeeding, than their heavier and/or
healthier counterparts. And yet, the relationship among
birth weight and infant illness is not straightforward;
exposure to breast milk may be even more crucial for
reduction of morbidity and mortality outcomes, including
infection, among the most vulnerable newborns [38].
These complex, multi-factorial, bi-directional associations among infant birth weight, gestational age, delivery
complications, maternal characteristics, breastfeeding,
and morbidity and mortality outcomes should be further
investigated.
The factors associated with lack of EBF were less consistent across the regions than the factors associated with
failure to achieve EIBF. The only factor that was significant
in all regions for EBF was multiple gestation. However,
many of the other factors examined had a significant relationship in sites in one or more regions and points to the
necessity to understand this issue in the local context. For
example, in Guatemala, several factors including low education, being delivered by a TBA, and starting prenatal
care late were protective against failure to achieve EBF at

Patel et al. Reproductive Health 2015, 12(Suppl 2):S10
http://www.reproductive-health-journal.com/content/12/S2/S10

Page 8 of 11

Table 3. Factors associated with lack of exclusive breast feeding within Global Network sites by region for the years
2010 -2013*
African Sites
%
Maternal Age

RR (95% CI),
P value

Indian Sites
%

0.0025

RR (95% CI), P value

The Pakistan Site
%

NS

RR (95% CI),
P value

The Guatemalan Site
%

0.0086

RR (95% CI),
P value
<.0001

< 20

24.3

1.15 (1.01, 1.31),
0.0390

5.1

3.9

0.90 (0.76, 1.06),
0.2009

16.1

0.81 (0.75, 0.89),
<.0001

20-35

70.0

1.0

94.6

90.2

1.0

73.6

1.0

> 35

5.7

1.15 (1.01, 1.31),
0.0290

0.3

5.9

1.15 (1.05, 1.26),
0.0038

10.3

1.45 (1.30, 1.62),
<.0001

No formal education

6.2

1.81 (1.05, 3.12),
0.0333

11.3

80.7

16.0

0.37(0.29, 0.48),
<.0001

Primary

60.9

1.41 (0.86, 2.31),
0.1745

24.5

8.1

63.6

0.37(0.29, 0.48),
<.0001

Secondary

29.6

1.18 (0.73, 1.90),
0.4939

48.1

7.0

19.2

0.60 (0.51, 0.70),
<.0001

University or higher

3.3

1.0

16.1

Maternal education

<.0001

Parity
0

NS

0.0055
27.2

NS

4.2
NS

0.85 (0.66, 1.10),
0.2220

43.9

<.0001

1.3
0.0070

20.2

1.10 (1.03, 1.16),
0.0019

1.0
<.0001

28.6

1.20 (1.14, 1.26),
<.0001

1-2

38.7

1.0

51.7

31.9

1.0

37.1

1.0

>2

34.1

1.22 (1.07, 1.39),
0.0032

4.4

47.9

1.04 (0.97, 1.12),
0.2469

34.4

1.06 (0.97, 1.15),
0.1942

Trimester of first ANC

NS

0.0654

0.0699

0.0090

First

8.6

82.6

1.0

32.4

1.0

45.2

1.0

Second

59.7

14.9

1.33 (1.04, 1.70),
0.0213

27.7

0.93 (0.87, 1.00),
0.0629

41.3

0.94 (0.89, 0.99),
0.0127

Third

31.7

2.5

0.73 (0.34, 1.56),
0.4211

39.9

0.99 (0.92, 1.07),
0.8923

13.5

0.88 (0.79, 0.98),
0.0227

Birth attendant

0.0350

0.0027

NS

<.0001

Physician

2.0

1.0

62.4

1.0

30.0

51.3

1.0

Nurse/Midwife/HW

55.8

1.21 (0.84, 1.72),
0.3056

35.1

1.06 (0.87, 1.29),
0.5487

26.6

1.7

0.96 (0.71, 1.30),
0.7892

TBA

28.7

1.41 (0.92, 2.16),
0.1143

0.8

2.60 (1.47, 4.60),
0.0010

41.3

46.7

0.69 (0.64, 0.74),
<.0001

Family/Other

13.5

1.43 (0.97, 2.09),
0.0674

1.7

0.67 (0.37, 1.20),0.1794

2.0

0.4

1.12 (0.67, 1.89)
0.6651

Yes

1.8

2.27 (1.61, 3.19),
<.0001

1.3

3.60 (2.17, 5.97),
<.0001

2.0

1.99 (1.70, 2.34),
<.0001

1.2

3.25 (2.75, 3.84),
<.0001

No

98.2

1.0

98.7

1.0

98.0

1.0

98.8

Multiple birth

<.0001

Birth weight

<.0001

NS

< 2500 g

3.7

≥ 2500 g

96.3

Bag and mask resuscitation

0.0378

1.4

1.29 (1.01, 1.64),
0.0378

16.0

85.2

1.0

84.0

No

98.6

Timely initiation of
breastfeeding

NS
3.0
97.0

NS

<.0001

NS

14.8

NS

Yes

<.0001

12.2
87.8
0.0657

1.19 (1.11, 1.28),
<.0001
1.0
0.0233

6.8

0.89 (0.79, 1.01),
0.0657

1.2

93.2

1.0

98.8

0.0001

1.0
<.0001

NS

1.09 (1.01, 1.18),
0.0233
1.0
0.0030

Yes

88.1

84.0

1.0

18.4

72.6

1.0

No

11.9

16.0

1.60 (1.25, 2.04 ),
0.0001

81.6

27.4

1.22 (1.07, 1.40),
0.0030

* Poisson multivariable reduced model with generalized estimating equations accounting for cluster; NS = Not significant
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42 days. Research to understand regional differences in
EBF is therefore important.
There are several plausible explanations why our EIBF
and EBF rates are higher than in other studies. First, sites
in the current study have been part of the Global
Network for a number of years [39-57]. These sites have
participated in a variety of cluster-based randomized
trials to improve maternal and neonatal health including:
training of community-based health providers in essential
newborn care [46,47]; Emergency Obstetric and Newborn
Care [48,49]; Helping Babies Breathe neonatal resuscitation training [50-52]; complementary feeding [53-55] and
antenatal corticosteroids [56]. In addition to the MNHR
itself, several site-specific efforts have focused on improving case-finding and reporting for a variety of maternal
and newborn outcomes [47,58] as well as improved
description and classification of facility-based and lay
health services [59]. As a result of exposure to these
maternal and newborn health care initiatives, it is likely
that there is heightened awareness of women, health
workers, community opinion leaders, and family stakeholders in these settings about the importance of EIBF
and EBF for 6 months.
Second, since data on EIBF is collected shortly after
birth, and assessment of EBF occurs on day 42 post-partum, this likely reduces the risk of maternal recall bias,
which may have impacted results from cross-sectional
DHS surveys and other similar studies. We believe that
our data are representative of our communities because
the MNHR has high rates of consent, low rates of lossto-follow up, and well defined variables such as antenatal, delivery, newborn/infant morbidity and mortality,
and maternal outcomes.
There are several important strengths of our study.
First, we prospectively determined rates of EIBF and
EBF at 42 days in a large cohort of women and their
babies at 7 sites in 6 low and middle income countries.
Second, we prospectively collected data on barriers to
EIBF and EBF in a standardized manner, by trained
health workers, over a four-year period. Limitations of
our study include our reliance on maternal recall about
precisely when they initiated breast feeding, although
this information is collected within hours or days of
birth, not at variable times over months and years. Our
rates of EBF at 42 days are based on maternal report
using a 24 hour recall method; we did not confirm these
maternal reports via observations. In addition, we did
not differentiate between “predominant” and “exclusively” breastfed—it is possible that some women may
have mistakenly reported that their baby was exclusively
breastfed when they were predominantly breastfed.
Finally, rates of EIBF and EBF may have been overestimated, particularly if mothers provided a desirable
response to the breastfeeding questions because they
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were familiar the data collectors, and/or had a desire to
provide socially appropriate responses [60,61].
A recent systematic review noted the paucity of highquality data for the “understanding of the independent
or combined effects of early initiation and breastfeeding
patterns” [36]. We believe that our large, prospective,
population-based study of live born neonates at seven
sites in Africa, Asia, and Latin America adds to the global evidence-base about risk factors and outcomes of
lack of EIBF and EBF. Our study provides an evidence
base for specific barriers, within particular global settings, that should be targeted by interventions to
improve rates of EIBF and EBF.
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Abstract
Background: This population-based study sought to quantify maternal, fetal, and neonatal morbidity and mortality
in low- and middle-income countries associated with obstructed labor, prolonged labor and failure to progress
(OL/PL/FTP).
Methods: A prospective, population-based observational study of pregnancy outcomes was performed at seven
sites in Argentina, Guatemala, India (2 sites, Belgaum and Nagpur), Kenya, Pakistan and Zambia. Women were
enrolled in pregnancy and delivery and 6-week follow-up obtained to evaluate rates of OL/PL/FTP and outcomes
resulting from OL/PL/FTP, including: maternal and delivery characteristics, maternal and neonatal morbidity and
mortality and stillbirth.
Results: Between 2010 and 2013, 266,723 of 267,270 records (99.8%) included data on OL/PL/FTP with an overall
rate of 110.4/1000 deliveries that ranged from 41.6 in Zambia to 200.1 in Pakistan. OL/PL/FTP was more common
in women aged <20, nulliparous women, more educated women, women with infants >3500g, and women with a
BMI >25 (RR 1.4, 95% CI 1.3 – 1.5), with the suggestion of OL/PL/FTP being less common in preterm deliveries.
Protective characteristics included parity of ≥3, having an infant <1500g, and having a BMI <18. Women with OL/
PL/FTP were more likely to die within 42 days (RR 1.9, 95% CI 1.4 – 2.4), be infected (RR 1.8, 95% CI 1.5 – 2.2), and
have hemorrhage antepartum (RR 2.8, 95% CI 2.1 – 3.7) or postpartum (RR 2.4, 95% CI 1.8 – 3.3). They were also
more likely to have a stillbirth (RR 1.6, 95% CI 1.3 – 1.9), a neonatal demise at < 28 days (RR 1.9, 95% CI 1.6 – 2.1),
or a neonatal infection (RR 1.2, 95% CI 1.1 – 1.3). As compared to operative vaginal delivery and cesarean section
(CS), women experiencing OL/PL/FTP who gave birth vaginally were more likely to become infected, to have an
infected neonate, to hemorrhage in the antepartum and postpartum period, and to die, have a stillbirth, or have a
neonatal demise. Women with OL/PL/FTP were far more likely to deliver in a facility and be attended by a
physician or other skilled provider than women without this diagnosis.
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Conclusions: Women with OL/PL/FTP in the communities studied were more likely to be primiparous, younger than
age 20, overweight, and of higher education, with an infant with birthweight of >3500g. Women with this diagnosis
were more likely to experience a maternal, fetal, or neonatal death, antepartum and postpartum hemorrhage, and
maternal and neonatal infection. They were also more likely to deliver in a facility with a skilled provider. CS may
decrease the risk of poor outcomes (as in the case of antepartum hemorrhage), but unassisted vaginal delivery
exacerbates all of the maternal, fetal, and neonatal outcomes evaluated in the setting of OL/PL/FTP.

Background
Obstructed labor (OL) is a common cause of maternal
mortality, accounting for approximately 6% of maternal
deaths worldwide and substantial long-term maternal
morbidity [1]. Maternal mortality from OL is caused by
ruptured uterus, postpartum hemorrhage, and puerperal
sepsis, while maternal morbidity includes secondary
infertility, vaginal scarring and stenosis, severe anemia,
musculoskeletal injury, urinary incontinence and obstetric fistula [2,3]. OL also has implications for the fetus or
neonate — it frequently results in asphyxia that can result
in stillbirth, neonatal demise, cerebral palsy, and developmental disabilities [4].
According to the World Health Organization, labor is
obstructed when the presenting part of the fetus cannot
progress into the birth canal despite strong uterine contractions [1]. The etiology is often cephalo-pelvic disproportion (CPD), which is defined as a mismatch between
the size of the fetal presenting part and the mother’s pelvis
[2]. Often, in developing countries, CPD is due to stunted
growth of the maternal pelvic bones from malnutrition,
early childbearing before the growth of the pelvis is complete, or abnormalities of the shape of the pelvis due to
rickets or osteomalacia [5].
While there is literature on maternal mortality resulting from OL, the complexity of isolating OL as the cause
of any individual maternal, fetal, or neonatal death makes
data collection and analysis difficult and often of poor
quality. After performing a comprehensive literature
review for stillbirth and neonatal outcomes related to
OL, only two small, single institution studies were found
that evaluated perinatal outcomes in pregnancies complicated by OL [6,7]. Thus, we sought to undertake a review
of a large, prospective study on pregnancy, the Global
Network’s Maternal Newborn Health Registry (MNHR).
Reviewing the experience illustrated by the MNHR data
will shed light on both maternal and perinatal morbidity
and mortality associated with to OL in low- and middleincome countries.
Methods
This data analysis was conducted on information from a
prospective population-based observational study conducted in 106 communities at six sites in five lowincome countries on births from January 1, 2010

through December 31, 2013 (Chimaltenango, Guatemala; Nagpur, India; Belgaum District, India; western
Kenya; Thatta District, Pakistan; and Lusaka, Zambia)
and at one site in a middle-income country (Corrientes,
Argentina). These seven sites were selected by the
Eunice Kennedy Shriver National Institute of Child
Health and Human Development in the United States of
America (NICHD), a governmental organization that
supports the Global Network for Women’s and Children’s Health Research (GN), which is a network of
research institutions in the aforementioned sites that
enrolls women during pregnancy and collects data
through 6-weeks postpartum to assess pregnancy
outcomes.
The prospective community-based registry, called the
Maternal and Newborn Health Registry (MNHR), includes
outcomes from rural or semi-urban geographical areas
served by government health services. Each site includes
between six and 24 distinct communities. The methods of
the MNHR have been published [8]. In general, each community represents the catchment area of a primary healthcare center, and about 300 to 500 births take place
annually in each locale. Beginning in 2009 and 2010, the
study investigators at each site initiated an ongoing, prospective maternal and newborn health registry of pregnant
women for each community. The objective is to enroll
pregnant women by 20 weeks’ gestation and to obtain
data on pregnancy outcomes for all deliveries that take
place in the community. Each community employs a registry administrator who identifies and tracks pregnancies
and their outcomes in coordination with community
elders, birth attendants, and other health care workers.
The primary purpose of the MNHR is to quantify and
analyze trends in pregnancy outcomes in defined lowresource geographic areas over time in order to provide
population-based statistics on pregnancy outcomes,
including stillbirths, neonatal, and maternal mortality.
This analysis utilizes the MNHR to determine maternal
and fetal outcomes in the setting of dysfunctional labor
and to compare these outcomes to a reference population,
also from the registry, that did not experience this labor
complication. In these settings it is difficult to define dysfunctional labor because it is nearly impossible to distinguish clinically between obstructed labor, prolonged labor,
and/or failure to progress in labor, so for the purposes of
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data collection, these outcomes were combined into a single overall outcome called obstructed labor/prolonged
labor/failure to progress (OL/PL/FTP).
The definition of OL/PL/FTP in the MNHR is, “a situation when the descent of the presenting part is arrested
during labor due to an insurmountable barrier. This
occurs in spite of strong uterine contractions and further
progress cannot be made without assistance. Obstruction
usually occurs at the brim but it may occur in the cavity
or at the outlet of the pelvis”. This definition is adapted
from the World Health Organization’s definition, noted
in the introduction. All sites involved in this analysis
used the same definition for OL/PL/FTP.
Other co-variates were defined in accordance with the
WHO definitions, described elsewhere [9]. Specifically,
body mass index (BMI), in kg/m2, was calculated based
upon weight and maternal height taken at the antenatal
care visit (the Kenya site did not obtain BMI measurements and were omitted from those analyses with BMI).
Gestational age (GA) at delivery was determined as term
(≥37 weeks gestation) or preterm (<37 weeks) for all deliveries, based on last menstrual period (LMP) or ultrasound,
when available, and finally, birth weight was the weight of
the live birth or stillbirth taken at the delivery visit.
Data were collected and entered into research computers at each study site and transmitted through secure
methods to a central data coordinating center (RTI International). All analyses were done with SAS version 9.3
(SAS Institute, Cary, NC, USA). Analyses included
descriptive statistics. Relative risks were computed using
generalized estimating equations, accounting for study
clusters. In addition, because the findings related to education were unexpected, an additional regression analysis
was run to better understand the relationship between
OL/PL/FTP and maternal education.
The appropriate institutional review boards/ethics
research committees of the participating institutions and
the ministries of health of the respective countries
approved the MNHR. Prior to initiation of the study,
approval was sought from the participating communities
through sensitization meetings. Individual informed consent for study participation is requested from each study
participant. Monetary reimbursements are not provided
to study participants nor to the communities participating in the study. A Data Monitoring Committee,
appointed by the NICHD, oversees and reviews the study
at annual meetings.

Results
Between 2010 and 2013, 266,723 of 267,270 records
(99.8%) included data on whether or not the woman
experienced OL/PL/FTP. For the women with information on OL/PL/FTP, 62% of deliveries were in Southeast
Asia, 23% at the African sites, and 15% of the deliveries
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took place in Latin American sites. In the population
studied, the vaginal delivery rate was 86.2%, the operative vaginal delivery rate was 1.6%, and the cesarean section rate was 12.2%. In the setting of OL/PL/FTP, the
rate of operative vaginal delivery increased from 0.9% to
6.6%, and cesarean section rate increased from 7% to
53%, which represented seven and eight-fold increases
over no OL/PL/FTP, respectively.
Figure 1 graphically represents the OL/PL/FTP rate in
each community, with an overall rate of 110.4/1000
deliveries in the whole cohort. The rates of OL/PL/FTP
ranged from 41.6/1000 births in Zambia to 200.1/1000
in Pakistan.
Table 1 illustrates the demographic characteristics of
the women involved in the study. In the subpopulation of
women experiencing OL/PL/FTP as well as in the general
population, the age distribution was similar with about
84% aged between 20 – 35, about 12% younger than 20,
and the remainder being over 35. The youngest women
(age <20 years) had a 30% (RR 1.3, 95% CI 1.2 – 1.3)
increased risk of experiencing OL/PL/FTP as compared
to the 20 – 35 age group, which encompassed the majority of women. Compared to women who had one or two
prior deliveries, women in their first pregnancy were 80%
(RR 1.8, 95% CI 1.7 – 2.0) more likely to experience OL/
PL/FTP; conversely, women who had already had three
or more prior deliveries were 20% (RR 0.8, 95% CI 0.7 –
0.9) less likely to experience obstruction. Interestingly,
unlike parity, more education was associated with
increased risk of a woman experiencing OL/PL/FTP.
Compared to the referent group of women with a primary school education, the risk of having OL/PL/FTP
was almost two fold higher in the most highly educated
women—those with a university level education (RR 1.8,
95% CI 1.7 – 1.9). Women with no formal education had
a reduced risk of OL/PL/FTP (RR 0.7, 95% CI 0.7 – 0.8).
As this was an unexpected finding, an additional regression analysis was performed on these data, including an

Figure 1 Rates of OL/PL/FTP per 1000 deliveries by Site, 2010-2013
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Table 1. Maternal and Delivery Characteristics of Women Experiencing OL/PL/FTP vs Normal Labor, 2010-2013
OL/PL/FTP

No OL/PL/FTP

29,449

237,274

Women with deliveries, N*

RR (95% CI)

Maternal age, N (%)
< 20

3,503 (11.9)

28,713 (12.1)

20-35

24,929 (84.8)

198,840 (83.9)

1.3 (1.2, 1.3)
1.0

> 35

950 (3.2)

9,360 (4.0)

1.0 (0.9, 1.0)

Parity, N (%)
0

14,074 (48.0)

75,629 (32.0)

1.8 (1.7, 2.0)

1-2

9,436 (32.2)

102,628 (43.4)

1.0

≥3

5,816 (19.8)

58,359 (24.7)

0.8 (0.7, 0.9)

No formal education

8,748 (29.8)

57,912 (24.5)

0.7 (0.7, 0.8)

Primary

8,278 (28.2)

92,430 (39.1)

1.0

Secondary

8,996 (30.7)

70,354 (29.8)

1.3 (1.2, 1.3)

University+

3,311 (11.3)

15,488 (6.6)

1.8 (1.7, 1.9)

Education, N (%)

Birth weight (measured), N (%)
< 1500g

140 (0.5)

1,852 (0.8)

0.7 (0.5, 0.8)

1500-2499g

3,194 (12.0)

23,170 (10.5)

1.0 (1.0, 1.1)

2500-3499g

20,349 (76.6)

173,974 (79.0)

1.0

> 3500g

2,894 (10.9)

21,163 (9.6)

1.2 (1.1, 1.3)

2,589 (9.2)

22,182 (9.6)

0.9 (0.8, 1.0)

25,683 (90.8)

208,047 (90.4)

1.0

Gestational age at delivery, N (%)
Preterm
Term
BMI, N (%)

23,857

182,118

< 18 kg/m2

4,056 (17.0)

32,459 (17.8)

0.8 (0.8, 0.9)

18-25 kg/m2

16,120 (67.6)

124,468 (68.3)

1.0

3,681 (15.4)

25,191 (13.8)

1.4 (1.3, 1.5)

12,022 (40.8)

217,381 (91.9)

1.0

> 25 kg/m

2

Delivery mode, N (%)
Vaginal
Vaginal assisted

1,933 (6.6)

2,194 (0.9)

7.1 (5.1, 9.8)

Cesarean section

15,488 (52.6)

17,061 (7.2)

10.0 (7.8, 12.8)

82,183 (34.6)

18.1 (9.5, 34.3)

Birth attendant, N (%)
Physician

20,133 (68.4)

Nurse/Midwife/HW

6,558 (22.3)

80,998 (34.2)

5.2 (2.9, 9.4)

TBA/Family/Other

2,754 (9.4)

74,002 (31.2)

1.0

Hospital

21,491 (73.0)

100,822 (42.5)

14.5 (8.3, 25.2)

Clinic

5,376 (18.3)

62,454 (26.3)

4.9 (2.9, 8.5)

Home/Other

2,569 (8.7)

73,869 (31.1)

1.0

Delivery location, N (%)

*numbers less than the total reflect missing data.

adjustment for age, maternal education and parity. Findings were unchanged, still showing that compared to a
primary school level of education, no education was a
protective characteristic in terms of OL/PL/FTP, while
having a secondary level education and university level
education were both associated with increased risk of
OL/PL/FTP.

With respect to birthweight, which can also been seen
in Table 1, OL/PL/FTP was more common in larger
fetuses. Fetuses <1500g were less likely to have OL/PL/
FTP (RR 0.7, 95% CI 0.5 – 0.8), and fetuses ≥ 3500g more
likely to have OL/PL/FTP than women with a fetus with
birthweight of 2500 – 3499g (RR 1.2, 95% CI 1.1 – 1.3).
Deliveries categorized as preterm were about 10% less
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likely to be complicated by OL/PL/FTP than those pregnancies that were carried to term. Data on BMI, suggested that heavier women (BMI >25) were 40% more
likely to experience OL/PL/FTP (RR 1.4, 95% CI 1.3 –
1.5) than women with a BMI 18 – 25 kg/m 2 ; leaner
women (BMI < 18 kg/m2 ) were 20% less likely to have
OL/PL/FTP than the reference population (RR 0.8, 95%
CI 0.8-0.9). Finally, in terms of attendants at delivery,
women with OL/PL/FTP were much more likely to be
delivered in the hospital or clinic than at home (RR 14.5,
95% CI 8.3 – 25.2; RR 4.9, 95% CI 2.9 – 8.5), and much
more likely to be delivered by a physician or nurse/midwife/healthcare worker than by a traditional birth attendant/family member/or other provider (RR 18.1, 95% CI
9.5 – 34.3; RR 5.2, 95% CI 2.9 – 9.4).
Table 2 illustrates that across all seven sites and all
outcomes related to maternal morbidity and mortality,
every complication was significantly increased in women
who experienced OL/PL/FTP, except for maternal mortality in Latin America. This result in Latin America is
likely the result of small sample size as only one labor
was complicated by a maternal death attributed to OL/
PL/FTP (RR 0.4, 95% CI 0.1 – 2.1). The outcomes of
interest included 42-day maternal mortality, maternal
infection, and antepartum and postpartum hemorrhage.
All outcomes were about twice more likely to occur in
labors complicated by OL/PL/FTP than those that were
not. Of particular interest in this analysis is the fact that
African women experienced more morbidity and mortality than women in Asia and Latin America who also
had OL/PL/FTP, with relative risks ranging from 3.4 (in
the case of infection) to 9.1 for antepartum hemorrhage.
Similar to the results shown in Table 2, Table 3 also
shows that stillbirths, neonatal mortality, and neonatal
infection occurred more often in women with OL/PL/
FTP than those who did not have this diagnosis, with RR
of 1.6 (95% CI 1.3 – 1.9), 1.9 (95% CI 1.6 – 2.1), and 1.2
(95% CI 1.1 – 1.3), respectively. Additionally, the data
again showed poorer outcomes in African women in the
case of stillbirth (RR 4.8, 395% CI.7 – 6.1) and neonatal
mortality (RR 3.6, 95% CI 3.0 – 4.4), but not in neonatal
infection, where neonates in each location born of a
labor complicated by OL/PL/FTP experienced a 20%
increased risk of infection (RR 1.2, 95% CI 1.1 – 1.4).
Table 4 displays the outcomes of women experiencing
OL/PL/FTP by method of delivery, which include spontaneous vaginal delivery, operative vaginal delivery, and
cesarean section. The analysis shows that delivery by
cesarean section only improves maternal antepartum
hemorrhage in the setting of OL/PL/FTP, but does not
have an association with maternal mortality, maternal
infection postpartum hemorrhage, the stillbirth rate,
neonatal mortality, or neonatal infection. Women who
were designated as having OL/PL/FTP but were
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eventually delivered vaginally without assistance (e.g.
without the use of forceps or vacuum), were more likely
to experience every single adverse outcome. Women
with spontaneous vaginal births after OL/PL/FTP were
about three times more likely to succumb, to have a
stillbirth, and to have a neonatal death (RR 3.0, 95% CI
2.0 – 4.5; RR 3.3, 95% CI 2.8 – 3.9; RR 3.0, 95% CI 2.5
– 3.6), 60% more likely to have maternal infection (RR
1.6, 95% CI 1.3 – 2.1), almost five times more likely to
experience antepartum hemorrhage (RR 4.7, 95% CI 3.4
– 6.7), about four times more likely to have a delivery
complicated by postpartum hemorrhage (RR 3.9, 95% CI
2.7 – 5.6), and were 40% more likely to have a neonate
with an infection (RR 1.4, 95% CI 1.2 – 1.6).

Discussion
This population-based study provides estimates of the
rate of OL/PL/FTP in 7 sites in 6 countries in a population-based study of more than 260,000 births. Women
with OL/PL/FTP were more likely to be primiparous,
younger than age 20, with a BMI > 25 kg/m 2 and of
higher education, with a fetal birthweight of >3500 g.
Women with this diagnosis were more likely to experience a maternal, fetal, or neonatal death, antepartum
and postpartum hemorrhage, and maternal and neonatal
infection. Outcomes were often worse in women experiencing OL/PL/FTP in Africa compared to the other
locations.
Our literature review for maternal and perinatal outcomes related to obstructed labor found small, single
institution studies that evaluate perinatal outcomes in
pregnancies complicated by obstructed labor [6,7]. One
study from Nigeria that evaluated 120 perinatal outcomes in the setting of OL found a 23% stillbirth rate
and a 6.7% early neonatal death rate [6]. Our analysis,
which assessed the outcomes of more than 29,000 labors
complicated by OL/PL/FTP found a stillbirth rate of
46.8/1000 deliveries and 44.2 neonatal deaths per 1000
live births. In a study from Sudan, which reported on
the outcomes of 42 women experiencing OL, the rate of
sepsis (not specified as maternal or neonatal) was 7.1%,
postpartum hemorrhage 11.9%, maternal death 4.8%,
stillbirth 26.2%, and early neonatal death 9.5%. Our
MNHR data show maternal and fetal sepsis rates of
1.4% and 11%, respectively, postpartum hemorrhage
rates of 5.8%, and a maternal death ratio of 246/100,000
deliveries. Since our study is population based and the
others were not, a direct comparison between these studies is not possible, but the direction of the findings is
similar.
The strengths of this study include its large sample size,
varied community-based sites on 3 continents, data collected prospectively, pre-specified composite outcome
that combined prolonged labor, obstructed labor, and

21/4,833
(435)
93/4,820
(1.9)
520/4,855
(10.7)
882/4,841
(18.2)

42 day maternal mortality, n/N (Rate/
100,000 deliveries)

Maternal infection, n/N (%)

Antepartum hemorrhage2, n/N (%)

Postpartum hemorrhage3, n/N (%)

9.1 (5.3,
15.7)

3.4 (2.0,
5.9)

4.8 (2.7,
8.7)

1,434/57,605 5.0 (2.8,
(2.5)
9.0)

623/57,616
(1.1)

217/57,284
(0.4)

52/57,327
(91)

689/21,692
(3.2)

815/21,692
(3.8)

295/21,429
(1.4)

50/21,578
(232)

Asia
RR (95%
CI)

OL/PL/FTP

No OL/PL/
FTP

Africa
OL/PL/FTP
1.5 (1.1,
2.0)

RR (95%
CI)

1,748/143,584 1.5 (1.2,
(1.2)
1.8)

2,187/143,579 1.8 (1.5,
(1.5)
2.1)

1,001/141,547 1.5 (1.3,
(0.7)
1.8)

214/142,967
(150)

No OL/PL/
FTP

120/2,872
(4.2)

103/2,874
(3.6)

21/2,856
(0.7)

1/2,861
(35)

649/36,048
(1.8)

431/36,060
(1.2)

130/35,812
(0.4)

32/35,853
(89)

OL/PL/FTP No OL/PL/
FTP

Latin America

Table 2. Maternal Morbidity and Mortality in Women Experiencing OL/PL/FTP vs Normal Labor by Region, 2010-2013

2.0 (1.4,
2.9)

2.9 (2.2,
3.7)

1.8 (1.1,
3.2)

0.4 (0.1,
2.1)

RR (95%
CI)

Total

1.9 (1.4,
2.4)

RR (95%
CI)

1,348/234,643 1.8 (1.5,
(0.6)
2.2)

298/236,147
(126)

No OL/PL/
FTP

1,691/29,405 3,831/237,237 2.4 (1.8,
(5.8)
(1.6)
3.3)

1,438/29,421 3,241/237,255 2.8 (2.1,
(4.9)
(1.4)
3.7)

409/29,105
(1.4)

72/29,272
(246)

OL/PL/FTP
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340/4,860
(70.0)

182/4,496
(40.5)

631/4,491
(14.1)

Stillbirths, n/N (Rate/1,000)

Neonatal mortality<28d, n/N
(Rate/1,000)

Infection, n/N (%)

3,496/56,429
(6.2)

680/56,439
(12.0)

909/57,615
(15.8)

1.2 (1.1,
1.4)

3.6 (3.0,
4.4)

4.8 (3.7,
6.1)

2,234/20,627
(10.8)

980/20,632
(47.5)

952/21,700
(43.9)

Asia
OL/PL/FTP

RR (95%
CI)

OL/PL/FTP

No OL/PL/
FTP

Africa

8,536/138,297
(6.2)

3,529/138,313
(25.5)

4,594/143,513
(32.0)

No OL/PL/FTP

1.2
(1.1,1.4)

1.7
(1.4,1.9)

1.2
(1.0,1.4)

RR (95%
CI)

216/2,773
(7.8)

72/2,776
(25.9)

86/2,883
(29.8)

OL/PL/FTP

2,200/35,271
(6.2)

595/35,293
(16.9)

564/36,066
(15.6)

No OL/PL/
FTP

Latin America

1.2 (1.1,
1.4)

1.6 (1.2,
2.1)

2.0 (1.5,
2.5)

RR (95%
CI)

3,081/27,891
(11.0)

1,234/27,904
(44.2)

1,378/29,443
(46.8)

OL/PL/FTP

Total

Table 3. Stillbirth and Neonatal Morbidity and Mortality in Women Experiencing OL/PL/FTP vs Normal Labor by Region, 2010-2013

1.9 (1.6,
2.1)

1.6 (1.3,
1.9)

RR (95%
CI)

14,232/229,997 1.2 (1.1,
(6.2)
1.3)

4,804/230,045
(20.9)

6,067/237,194
(25.6)

No OL/PL/FTP
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Table 4. Outcomes for OL/PL/FTP by Delivery Mode, 2010-2013
OL/PL/FTP

No OL/PL/FTP

RR (95% CI)

181/216,366 (84)

3.0 (2.0, 4.5)

42 day maternal mortality, n/N (Rate/100,000 women)
Vaginal

31/11,937 (260)

Operative Vaginal

4/1,916 (209)

9/2,170 (415)

0.5 (0.2, 1.4)

Cesarean Section

35/15,414 (227)

35/16,979 (206)

1.0 (0.6, 1.6)
1.6 (1.3, 2.1)

Maternal infection, n/N (%)
Vaginal

137/11,894 (1.2)

1,177/215,055 (0.5)

Operative Vaginal

33/1,909 (1.7)

60/2,159 (2.8)

1.4 (0.9, 2.2)

Cesarean Section

239/15,299 (1.6)

108/16,871 (0.6)

1.1 (1.0, 1.4)
4.7 (3.4, 6.7)

Antepartum hemorrhage, n/N (%)
Vaginal

893/12,014 (7.4)

2,534/217,366 (1.2)

Operative Vaginal

163/1,932 (8.4)

103/2,194 (4.7)

1.5 (1.1, 2.2)

Cesarean Section

380/15,470 (2.5)

521/17,057 (3.1)

0.6 (0.5, 0.7)

Postpartum hemorrhage, n/N (%)
Vaginal

1,380/12,010 (11.5)

3,563/217,353 (1.6)

3.9 (2.7, 5.6)

Operative Vaginal

150/1,931 (7.8)

94/2,194 (4.3)

2.0 (1.5, 2.7)

Cesarean Section

161/15,459 (1.0)

153/17,052 (0.9)

1.2 (0.9, 1.4)

989/12,020 (82.3)

5,099/217,377 (23.5)

3.3 (2.8, 3.9)

Stillbirths, n/N (Rate/1,000)
Vaginal
Operative Vaginal

134/1,931 (69.4)

144/2,194 (65.6)

1.1 (0.8, 1.5)

Cesarean Section

252/15,488 (16.3)

265/17,060 (15.5)

0.9 (0.8, 1.1)

731/10,951 (66.8)

4,292/211,303 (20.3)

3.0 (2.5, 3.6)

Neonatal mortality < 28 days, n/N (Rate/1,000)
Vaginal
Operative Vaginal

112/1,783 (62.8)

91/2,027 (44.9)

1.4 (1.0, 2.0)

Cesarean Section

391/15,169 (25.8)

421/16,711 (25.2)

0.9 (0.7, 1.0)

Vaginal

1,618/10,942 (14.8)

13,173/211,268 (6.2)

1.4 (1.2, 1.6)

Operative Vaginal

398/1,783 (22.3)

313/2,027 (15.4)

1.1 (0.9, 1.5)

Cesarean Section

1,064/15,165 (7.0)

745/16,698 (4.5)

1.1 (1.0, 1.1)

Neonatal infection, n/N (%)

failure to progress used at all sites. A registry administrator who often interviewed the mother and/or her family
and the delivery attendant, which could have been a traditional birth attendant, nurse, nurse midwife, or physician, collected the data. The registry administrator also
reviewed the medical record for additional data, if available. Differentiating between OL, PL, and FTP at the
sites would have been difficult if not impossible given the
clinical and diagnostic limitations of these settings. The
complexity of isolating OL/PL/FTP clinically as the cause
of any individual maternal, fetal, or neonatal death makes
data collection and analysis difficult, so this analysis,
which reports data from 7 sites, is intended to be descriptive and not definitive, in terms of the actual prevalence
of OL/PL/FTP and outcomes related to this condition.
For example, why Zambia experienced a lower rate and
Pakistan experienced a higher rate of OL/PL/FTP relative
to the other sites may reflect the true rate of OL/PL/FTP
in those geographic regions, or, perhaps more likely,

reflects some difference in how OL/PL/FTP was clinically
defined and recorded in the field.
A few other findings were notable with respect this
analysis. First, while overall maternal, fetal, and neonatal
outcomes were significantly worse in the setting of OL/
PL/FTP, the experience was compounded up to fourfold
in the African sites. Whether these increased risks in
the setting of obstructed labor reflect an access to care
issue versus some pathophysiologic or clinical etiology is
not clear from this analysis, but warrants further investigation given the significantly increased burden of morbidity and mortality observed with OL/PL/FTP in the
African sites. Pakistan also had a notably higher rate of
OL/PL/POL, which we believe reflects poorer quality
maternal and child healthcare in that setting as compared to other registry sites [12].
The second interesting finding is that this analysis is
at odds with other previously published papers regarding
the demographics of women experiencing OL with
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respect to education. Previous analyses report that a risk
factor for women experiencing OL is poor educational
status, but in this study, the opposite was seen. Given
that this finding could reflect confounding factors, a
regression analysis including adjustment for maternal
demographics, which did not change the direction of
the original analysis. The explanation for this result
remains unclear.
The final notable finding of this analysis, is that
women delivering preterm had a reduction in OL/PL/
FTP of about 10%. Gestational age is difficult to define
accurately in these settings since many women do not
know the dates of their last menstrual period, and few
had a dating ultrasound. Acknowledging that the
MNHR gestational age data are imprecise, we nevertheless found a trend toward significance suggesting that
women with preterm deliveries are less likely to experience OL/PL/FTP.
OL/PL/FTP puts maternal, fetal, and neonatal lives at
significant risk for a wide variety of adverse outcomes.
This analysis suggests that vaginal delivery exacerbates
all of the maternal, fetal, and neonatal outcomes evaluated in the setting of OL/PL/FTP while cesarean section
appears to reduce these adverse outcomes, although not
as much as might be expected. This is likely attributable
to delays in diagnosis, at which point delivery by cesarean section may be too late to impact outcomes from a
prolonged dysfunctional labor. In terms of the results
regarding attendant at delivery and delivery location, it
appears that many women with OL/PL/FTP are eventually arriving at appropriate delivery settings and being
delivered by skilled attendants. However, it is likely that
women with OL/PL/FTP are arriving in these settings
too late to affect the primary outcomes. The overall
conclusion of this analysis is that labor should take
place in the presence of an experienced provider at the
outset who can recognize the signs of OL/PL/FTP and
determine whether or not further intervention is necessary to prevent the excess maternal, fetal, and neonatal
morbidity and mortality that occurs in untreated cases.
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Abstract
Background: Adolescent girls between 15 and 19 years give birth to around 16 million babies each year, around
11% of births worldwide. We sought to determine whether adolescent mothers are at higher risk of maternal and
perinatal adverse outcomes compared with mothers aged 20–24 years in a prospective, population-based
observational study of newborn outcomes in low resource settings.
Methods: We undertook a prospective, population-based multi-country research study of all pregnant women in
defined geographic areas across 7 sites in six low-middle income countries (Kenya, Zambia, India, Pakistan,
Guatemala and Argentina). The study population for this analysis was restricted to women aged 24 years or less,
who gave birth to infants of at least 20 weeks’ gestation and 500g or more. We compared adverse pregnancy
maternal and perinatal outcomes among pregnant adolescents 15-19 years, <15 years, and adults 20-24 years.
Results: A total of 269,273 women were enrolled from January 2010 to December 2013. Of all pregnancies 11.9%
(32,097/269,273) were in adolescents 15-19 years, while 0.14% (370/269,273) occurred among girls <15 years.
Pregnancy among adolescents 15-19 years ranged from 2% in Pakistan to 26% in Argentina, and adolescent
pregnancies <15 year were only observed in sub-Saharan Africa and Latin America. Compared to adults,
adolescents did not show increased risk of maternal adverse outcomes. Risks of preterm birth and LBW were
significantly higher among both early and older adolescents, with the highest risks observed in the <15 years
group. Neonatal and perinatal mortality followed a similar trend in sub-Saharan Africa and Latin America, with the
highest risk in early adolescents, although the differences in this age group were not significant. However, in South
Asia the risks of neonatal and perinatal death were not different among adolescents 15-19 years compared to
adults.
Conclusions: This study suggests that pregnancy among adolescents is not associated with worse maternal
outcomes, but is associated with worse perinatal outcomes, particularly in younger adolescents. However, this may
not be the case in regions like South Asia where there are decreasing rates of adolescent pregnancies,
concentrated among older adolescents. The increased risks observed among adolescents seems more likely to be
associated with biological immaturity, than with socio-economic factors, inadequate antenatal or delivery care.
Trial registration number: NCT01073475
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Background
Adolescent girls between 15 and 19 years give birth to
around 16 million babies each year, around 11% of births
worldwide. Ninety-five percent of these births occur in
low- and middle-income countries, where complications
from pregnancy and childbirth are a leading cause of
death among girls of this age [1]. Although fertility rates
in adolescents have declined since 1990, progress has slowed in this century, mainly in sub-Saharan Africa and
Latin America, where about half and one third of women
give birth before the age of 20, respectively [2,3].
Pregnancy in adolescence has been associated with an
increased risk of adverse pregnancy outcomes such as preterm birth [4-9], low birth weight (LBW) [4-9], perinatal
death [5-8,10], obstructed labor [3,11], and maternal
deaths [1,4]. However the evidence is still controversial;
the extent to which the observed associations were caused
by the biological immaturity of the adolescent mothers, or
were confounded by their frequently poor socioeconomic
conditions and lack of health care is still a matter of
debate [4,5,7,8,12-14].
This conflicting evidence of research on adolescent pregnancy outcomes to date may be explained by the heterogeneity of study settings (hospital-based vs population-based
studies), small sample sizes, especially for adolescents <15
years, and different conceptual approaches to adjust for
potential confounders [4,5].
Hence, there is a need for high quality, large, population-based studies, especially from low resource settings
where most of the adverse outcomes occur. We aim to
determine whether adolescent mothers are at higher risk
of maternal and perinatal adverse outcomes compared
with mothers aged 20–24 years in a prospective, population-based study of newborn outcomes in low resource
settings, the Global Network for Women’s and Children’s
Health Research Maternal Newborn Health Registry
(MNHR) [15].
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Registry administrators (RA’s), paid study staff who
were usually community health workers, nurses, or midwives, identified pregnant women and generally consented those who were eligible by 20 weeks gestation. All
women who were residents of the defined communities
were eligible and contacted. The RA’s then obtained
basic health information at enrollment, and conducted a
follow-up visit at or following delivery to collect pregnancy outcomes and health care provided during delivery. A second follow up visit at or after 42 days was done
to collect data on maternal and infant health status.
Information on the study outcomes was based on medical record review, and birth attendant and family
interviews.
All study data were collected, reviewed, and edited by
staff at each study site. Data were then transmitted to a
central data-coordinating center (RTI International,
Durham NC) using a secure process, with additional
edits performed centrally and addressed at each site.
The MNHR study was reviewed and approved by all
sites’ ethics review committees (CEMIC, Buenos Aires,
Argentina; Francisco Marroquin University, Guatemala;
University of Zambia, Zambia; Moi University, Kenya;
Aga Khan University; KLE University’s Jawharal Nehru
Medical College, Belgaum; Indira Gandhi Medical College, Nagpur), the institutional review boards at each U.S.
partner university and the data coordinating center
(RTI). All women provided informed consent for data
collection and follow-up visits. A detailed description of
the MNHR methods can be found elsewhere [15].
Study population

The study population for this analysis was restricted to
women enrolled in the MNHR, aged 24 years or less,
who gave birth to infants of at least 20 weeks’ gestation
and weighing 500g or more. The study period included
women enrolled with deliveries January 2010 through
December, 2013.

Methods
The Global Network’s Maternal Newborn Health Registry
(MNHR)

Exposure and hierarchical approach for the selection of
confounders

The MNHR is a prospective, population-based observational study that includes all pregnant women and their
outcomes in defined geographic communities (clusters).
These clusters with approximately 300 – 500 annual
births were established in health districts by 7 research
sites in western Kenya (Moi University), Kafue and
Chongwe, Zambia (University of Zambia), Thatta, Pakistan (Aga Khan University) Belgaum, India (KLE University), Nagpur, India (Indira Gandhi University),
Chimaltenango Guatemala (FANCAP), and Corrientes
and Santiago del Estero Argentina (IECS). The MNHR
was initiated at each of the study sites between 2009
and 2010 and continues to the present.

The exposure of interest was adolescent maternal age at
enrollment categorized into two groups: <15 years (early
adolescence), and 15-19 years (older adolescence). The
World Health Organization (WHO) defines adolescents as
those aged 10 to 19 years [3]. Mothers in the age category
20-24 years were the reference group. As the aim of this
study was explanatory, the selection of confounders was
based on a conceptual hierarchical framework oriented to
distinguish potential confounding factors from mediating
factors [16]. Maternal education and parity are distal
socioeconomic and reproductive factors of adverse pregnancy outcomes that are also associated with adolescent
pregnancy [3]. Although data on family income are not
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collected in the MNHR, the clusters are located in low
resource settings in which the vast majority of women are
of low socioeconomic condition. Maternal height and prepregnancy weight in the Registry had differential missing
rates that did not permit these to be included in this analysis. Low pre-pregnancy maternal body mass index (BMI) is
associated with preterm birth and LBW, and adolescents
tend to have lower BMIs than their adult counterparts
[13]. However, low BMI may also be an indicator of biological immaturity in adolescent girls; thus if adolescence
was a risk factor of adverse pregnancy outcomes, BMI
might be more a mediator in the causal pathway than a
confounder, and would not be used for adjustment. Similarly, adolescents may have a different access to, and quality of antenatal and delivery care than the adult mothers.
An adverse outcome could be, partially at least, mediated
by a lower access to care or lower quality of care. Thus the
comparison of the antenatal and delivery care processes
between adolescents and adults would be used for the
interpretation of the mechanism of action of maternal age
on adverse outcomes, rather than as potential confounders. Therefore, to control for confounding, if parity and
education were clinically different among the maternal age
groups in the univariate analysis we would adjust for these
factors in the multivariate analysis. Figure 1 shows a simplified conceptual hierarchical model of the relationships
between age and other factors with adverse pregnancy
outcomes, adapted from Victora et al [16].
Maternal and perinatal outcomes

We considered the following maternal outcomes: antepartum and postpartum hemorrhage, obstructed labor,
hypertensive disorders, maternal sepsis, and maternal
mortality at 42 days postpartum. The perinatal outcomes
were: preterm birth (live birth at <37 weeks’ gestation),
LBW (live birth weighing <2,500g at birth), stillbirth
(fetal deaths occurring >500 g [or >22 weeks gestation]),

Figure 1 Simplified Conceptual hierarchical framework
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early neonatal deaths (neonatal deaths 0-6 days after
birth), neonatal deaths (neonatal deaths 0-28 days after
birth), perinatal deaths (neonatal deaths 0-6 days plus
stillbirths).
Statistical analysis

Descriptive analyses included calculating the frequency
and distribution of values. We compared the frequency
of maternal characteristics and the process of antenatal
and delivery care between the adolescent groups and
adults. The interpretation of the differences was done
on clinical basis, acknowledging that with these large
sample sizes, small but clinically not relevant differences
would be statistically significant. To estimate the effect
of the adolescent age categories on maternal and perinatal outcomes, generalized linear models were used evaluate the relationship of adolescent age and adverse
pregnancy outcomes and to develop point and interval
estimates of the relative risk associated with these risk
factors; generalized estimating equations were used to
account for the correlation of outcomes within cluster
in developing appropriate p-values and confidence intervals. All data were analyzed using SAS v.9.3 (Cary, NC).

Results
A total of 269,273 women were enrolled from January
2010 to December 2013. Maternal age was missing for 437
women (0.16%) with no site exceeding 0.4%. The proportion of all pregnancies occurring in adolescents 15-19
years was 11.9% (32,097/269,273), while in girls <15 years
it was 0.14% (370/269,273). However, the distribution
among sites was very heterogeneous (figure 2). While the
proportion of all births in adolescents 15-19 years in the
sub-Saharan African (SSA) and Latin American (LA) sites
ranged from 16.1% (Guatemala) to 26.0% (Argentina), in
the South Asian (SA) sites this proportion ranged from

Figure 2 Proportion (%) of births among adolescent mothers 15 –
19 years old and < 15 years old, by GN Site
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2.0% (Nagpur, India) to 9.6% (Belgaum, India). The mean
age of the adolescents 15-19 years was 18.7 (SD 0.6) years
and 17.7 (SD 1.2) in the south Asian sites and subSaharan/Latin American sites respectively. Moreover, the
proportion of births to adolescents <15 years ranged from
0.2% (Kenya) to 1.1% (Argentina), while there were virtually 0% (10 women) at the three south Asian sites altogether. Due to this heterogeneity, the comparison of the
characteristics and outcomes between the adolescents and
adults was difficult to interpret when presented altogether.
Additionally, the evaluation of adolescents <15 years was
not possible at the south Asian sites due to the small sample size. For these reasons only, the results are shown
separately in two subgroups: the four SSA and LA sites,
and the three SA sites. The comparison of adolescents <15
years was done for the SSA and LA sites only.
Table 1 shows the maternal demographic and obstetric
characteristics of the groups of adolescents and adults,
stratified by the two subgroups of sites. Compared to
women 20-24 year, adolescents 15-19 years showed a
slight trend to be less educated, however the differences
were not clinically relevant at any site. Adolescents 15-19
years of age were more likely to be nulliparous in both
groups of sites. Adolescents <15 years were less educated
than older adolescents and adults, but the frequency of
women without formal education was <10% in the three
age groups.
Table 1 also describes the characteristics of the antenatal and delivery care. The frequency of women attending
at least four ANC visits did not show clinically relevant
differences between adolescents 15-19 years and adults
20-24 years. The gestational age (GA) at first visit was
similar in these two groups of women. Adolescents <15
years showed a slightly lower frequency of attendance at
four visits, and a similar distribution of GA at first visit,
compared to older adolescents and adults. The quality of
the ANC was measured through the frequency of preventive interventions and screening procedures. The frequency of tetanus toxoid and preventive iron or vitamins
was similar in adolescents 15-19 years and adults in the
south Asian sites, and slightly higher in adolescents
15-19 years than in adults in the sub-Saharan/Latin
American sites. The proportion of adolescents 15-19
years screened for syphilis and HIV was lower than adults
at the SA sites, and slightly higher at the SSA/LA sites.
Similarly, early adolescents were slightly more likely to
receive screening procedures compared to adults, but
these differences were not clinically important.
The birth attendants were similar in adolescents 15-19
years and adults in both groups of sites. However the
adolescents were more likely to deliver at hospitals and
less likely to deliver at home. This difference was larger
in the SSA/LA sites than in SA sites.
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Table 2 describes the maternal and perinatal outcomes
rates, by maternal age group and site, and Figure 3 the
relative risks and 95% CIs, adjusted for study cluster
and parity. The prevalence of antepartum hemorrhage
was slightly higher in adolescents 15-19 years than in
adults at both SA sites and SSA/LA sites. However,
when adjusted by cluster design and parity, there was
no statistically significant association in either group
[RR 0.99, 95% CI 0.84-1.17 (SA sites); RR 1.06, 95% CI
0.93-1.21 (SSA/LA sites)]. Postpartum hemorrhage
showed similar prevalence in older adolescents and
adults, in both sites. After adjustment, while there was
no association at the SA sites (RR 1.03, 95% CI 0.851.05), at the SSA/LA sites, a slightly lower and marginally significant risk in older adolescents was observed
(RR 0.91, 95% CI 0.83-1.00). Similar patterns were
observed with hypertensive disorders and obstructed
labor; while the rates were similar or slightly higher in
older adolescents and adults at both groups of sites,
after adjustment by cluster and parity, a statistically significant lower risk was observed [hypertensive disorders:
RR 0.85, 95% CI 0.73-0.99 (SA sites); RR 0.86, 95% CI
0.77-0.95 (SSA/LA sites); obstructed labor RR 0.88, 95%
CI 0.83-0.94 (SA sites); RR 0.90, 95% CI 0.82-0.98 (SSA/
LA sites). Finally, maternal sepsis showed no association
in older adolescents [RR 1.05, 95% CI 0.93-1.19 (SA
sites); RR 0.92, 95% CI 0.68-1.24 (SSA/LA sites)].
Similar trends were observed in adolescents <15 years,
with wider CIs. Compared to adults 20-24 years and
after adjustment for cluster and parity, being in the
early adolescent group was not statistically significant in
associations for antepartum hemorrhage (RR 1.21, 95%
CI 0.59-2.48); post-partum hemorrhage (RR 0.78, 95%
CI 0.48-1.28); obstructed labor (RR 0.91, 95% CI 0.681.21); and sepsis (RR 1.45, 95% CI 0.51-4.13). Compared
to adults, adolescents <15 years showed a statistically
significant lower risk of hypertensive disorders (RR 0.32,
95% CI 0.12-0.86).
Preterm birth and LBW rates were higher in adolescents 15-19 years compared to adults, at both SA and
SSA/LA sites. After adjustment for cluster (due to the
cluster design of the Registry) and parity, older adolescents showed a small but statistically significant increase
in the risk of preterm birth [RR 1.15, 95% CI 1.08-1.22
(SA sites); RR 1.23 (95% CI 1.17, 1.30) (SSA/LA sites)],
and of LBW deliveries [RR 1.08, 95% CI 1.00-1.15 (SA
sites); RR 1.18, 95% CI 1.10-1.27 (SSA/LA sites)].
Although stillbirth rates were slightly higher among
adolescents 15-19 years, after adjustment, no difference
was observed in SA sites (RR 0.98, 95% CI 0.91-1.06),
and a small and not statistically significant increase in
risk at SSA/LA sites (RR 1.10, 95% CI 0.95-1.27). Neonatal mortality rates at 28 days showed a somewhat
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Table 1. Maternal characteristics and pregnancy care

Mothers, N

South Asian Sites (N=166,882)

Sub-Saharan African and Latin American Sites
(N=102,391)

Maternal Age (years)

Maternal Age (years)

15-19

20-24

< 15

15-19

20-24

10,233 (6.1)

87,551 (52.5)

360 (0.4)

21,864 (21.4)

33,321 (32.5)

Maternal characteristics
Education, N (%)
No formal education

10,174

87,147

356

21,804

33,238

2,214 (21.8)

17,568 (20.2)

20 (5.6)

1,039 (4.8)

2,412 (7.3)

Primary

3,127 (30.7)

22,248 (25.5)

285 (80.1)

14,275 (65.5)

20,600 (62.0)

Secondary

4,153 (40.8)

36,976 (42.4)

51 (14.3)

6,409 (29.4)

9,556 (28.8)

University+

680 (6.7)

10,355 (11.9)

0 (0.0)

81 (0.4)

670 (2.0)

Parity, N (%)

10,124

87,192

359

21,832

33,288

9,491 (93.7)

45,200 (51.8)

347 (96.7)

16,158 (74.0)

8,785 (26.4)

1 or 2

614 (6.1)

40,458 (46.4)

12 (3.3)

5,495 (25.2)

19,843 (59.6)

>2

19 (0.2)

1,534 (1.8)

0 (0.0)

179 (0.8)

4,660 (14.0)

110/628 (17.5)

2,025/41,962 (4.8)

2/12 (16.7)

672/5,666 (11.9)

1,565/24,485 (6.4)

2,980/5,016
(59.4)

28,317/45,065
(62.8)

80/181
(44.2)

5,942/11,646
(51.0)

9,708/18,403
(52.8)

9.765

84.119

332

20.938

31.912

First

6,213 (63.6)

53,581 (63.7)

73 (22.0)

3,761 (18.0)

5,959 (18.7)

Second

2,653 (27.2)

23,494 (27.9)

183 (55.1)

12,554 (60.0)

18,326 (57.4)

899 (9.2)

7,044 (8.4)

76 (22.9)

4,623 (22.1)

7,627 (23.9)

Tetanus toxoid vaccine, n/N (%)

9,583/10,228
(93.7)

82,901/87,474
(94.8)

328/359
(91.4)

20,360/21,799
(93.4)

29,379/33,255
(88.3)

Prenatal vitamins/iron, n/N (%)

9,735/10,216
(95.3)

83,660/87,380
(95.7)

316/359
(88.0)

20,531/21,808
(94.1)

31,140/33,274
(93.6)

Syphilis test, n/N (%)

1,539/10,094
(15.2)

21,619/86,658
(24.9)

275/360
(76.4)

16,581/21,793
(76.1)

24,155/33,213
(72.7)

HIV test, n/N (%)

8,269/10,171
(81.3)

75,671/87,141
(86.8)

305/360
(84.7)

18,719/21,794
(85.9)

27,339/33,201
(82.3)

0

Last pregnancy resulted in a pregnancy loss, n/N (%)
Antenatal care (ANC) current pregnancy
At least four ANC visits, n/N (%)
Trimester for first ANC visit, N (%)

Third
Mothers receiving any of the following during this
pregnancy

Delivery care
Birth attendant, N (%)

10,229

87,504

360

21,861

33,318

Physician

5,930 (58.0)

49,324 (56.4)

137 (38.1)

4,505 (20.6)

6,490 (19.5)

Nurse/Midwife/HW

3,431 (33.5)

30,153 (34.5)

134 (37.2)

8,397 (38.4)

10,842 (32.5)

TBA

697 (6.8)

6,052 (6.9)

74 (20.6)

7,324 (33.5)

13,082 (39.3)

Family/Other

171 (1.7)

1,975 (2.3)

15 (4.2)

1,635 (7.5)

2,904 (8.7)

10,219

87,480

360

21,861

33,318

Hospital

7,043 (68.9)

56,352 (64.4)

191 (53.1)

6,873 (31.4)

9,134 (27.4)

Clinic

2,294 (22.4)

22,744 (26.0)

83 (23.1)

6,206 (28.4)

8,243 (24.7)

882 (8.6)

8,384 (9.6)

86 (23.9)

8,782 (40.2)

15,941 (47.8)

Delivery location, N (%)

Home/Other

similar pattern. While the rates in adolescents 15-19
years were higher compared to adults at both groups of
sites, after adjustment that difference was smaller and
not significant in SA sites (RR 1.07, 95% CI 0.97-1.19).
Conversely, the relative risk in SSA/LA sites was higher
and statistically significant (RR 1.18, 95% CI 1.04-1.33).

Neonatal mortality at 7 days followed a very similar
same pattern. Finally, after adjustment, perinatal mortality was similar in older adolescents and adults at the SA
sites (RR 1.03, 95% CI 0.96-1.10), while significantly
higher in older adolescents at the SSA/LA sites (RR
1.03, 95% CI 1.02-1.25).
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Table 2. Maternal and perinatal outcomes

Deliveries, N

South Asian Sites (N=166,882)

Sub-Saharan African and Latin American Sites
(N=102,391)

Maternal Age (years)

Maternal Age (years)

15-19

20-24

< 15

15-19

20-24

10,233 (6.1)

87,551 (52.5)

360 (0.4)

21,864 (21.4)

33,321 (32.5)
491/33,289 (1.5)

Maternal outcomes
Antepartum hemorrhage, N (%)

147/10,188 (1.4)

881/87,395 (1.0)

7/360 (1.9)

385/21,830 (1.8)

Hypertensive disorders, N (%)

271/10,180 (2.7)

2,252/87,340 (2.6)

4/360 (1.1)

462/21,808 (2.1)

635/33,248 (1.9)

39/360 (10.8)

2,073/21,819 (9.5)

2,564/33,274 (7.7)

493/87,398 (0.6)

7/360 (1.9)

630/21,823 (2.9)

1,025/33,280 (3.1)

Obstructed labor, N (%)

1,426/10,190 (14.0) 10,871/87,355 (12.4)

Postpartum hemorrhage, N (%)

68/10,189 (0.7)

Suspected infection (sepsis), n/N (%)

65/10,070 (0.6)

313/86,385 (0.4)

2/359 (0.6)

87/21,706 (0.4)

143/33,105 (0.4)

42-day maternal mortality ratio, n/N (rate/100,000 LB)

19/9,965 (191)

124/85,653 (145)

0/356 (0)

17/21,546 (79)

21/33,028 (64)

10,292

88,175

Fetal/Neonatal outcomes
Births, N

361

21,970

33,558

Preterm birth, n/N (%)

1,211/10,087 (12.0) 9,035/86,945 (10.4)

57/309 (18.4)

2,425/21,073 (11.5)

2,856/32,421 (8.8)

LBW < 2500g, n/N (%)

1,911/10,266 (18.6) 14,106/87,866 (16.1)

50/361 (13.9)

1,900/21,930 (8.7)

2,177/33,508 (6.5)

5/361 (13.9)

422/21,968 (19.2)

527/33,555 (15.7)

Stillbirths, n/N (rate/1,000)
Live births, n/N (%)

323/10,288 (31.4)

2,477/88,130 (28.1)

9,965/10,269 (97.0) 85,653/87,923 (97.4) 356/361 (98.6) 21,546/21,965 (98.1) 33,028/33,547 (98.5)

Neonatal mortality 7 day, n/N (rate/1,000)

281/9,938 (28.3)

1,836/85,411 (21.5)

8/355 (22.5)

325/21,409 (15.2)

383/32,841 (11.7)

Neonatal mortality 28 day, n/N (rate/1,000)

336/9,938 (33.8)

2,260/85,411 (26.5)

9/355 (25.4)

412/21,409 (19.2)

491/32,841 (15.0)

Perinatal mortality 7 day, n/N (rate/1,000)

604/10,261 (58.9)

4,313/87,888 (49.1)

13/360 (36.1)

747/21,831 (34.2)

910/33,368 (27.3)

Adolescents <15 years showed even larger relative
risks than older adolescents and adults for preterm birth
(RR 2.07, 95% CI 1.59-2.70) and LBW (RR 1.81, 95% CI
1.40-2.34). Similar trends were observed in neonatal
mortality at 28 days and perinatal mortality, although
the differences were not statistically significant. There
was no significant association between early adolescence
and stillbirths (Table 2, figure 4).

Discussion
In this large population-based study conducted in six
large middle income countries (LMIC), the prevalence
of adolescent pregnancy was heterogeneous among
regions; while in India and Pakistan the prevalence did
not exceed 10%, in sub-Saharan African and Latin
American sites it ranged from 16% to 27%. Early adolescent pregnancies were practically nonexistent in the SA
region, but were still between 0.2% and 1% in the SSA
and LA sites. Adolescents did not show worse maternal
outcomes than adults 20-24 years. After controlling for
parity and cluster design, we found that there were
neither clinical nor statistical significant differences in
the risk of antepartum hemorrhage, postpartum hemorrhage, or maternal sepsis among adolescents 15-19 years
and <15 years compared to adults 20-24 years. However,
the risks of obstructed labor and hypertensive disorders
were significantly lower among adolescents 15-19 years
compared to adults 20-24 years, although the difference

was small. Early adolescents showed similar trends but
no significant differences.
Overall, perinatal outcomes showed a more heterogeneous pattern. Risks of preterm birth and LBW were
significantly higher among both early and older adolescents, with the highest risks observed in the <15 year
old group. Neonatal and perinatal mortality showed to
follow a similar trend in SSA and LA, with the highest
risk in early adolescents, although the differences in this
age group were not significant. However, in south Asia
the risks of neonatal and perinatal death were not different among adolescents 15-19 years compared to adults
20-24 years. Finally, stillbirth risks did not differ significantly by adolescent age category.
The study has several strengths. The MNHR is one of
the largest prospective population-based studies of
maternal and perinatal data in low-resource settings,
enrolling more than 250,000 pregnant women in seven
sites in six LMICs in four years. The large sample size
and a 98% follow-up to obtain pregnancy outcomes,
resulted in enough power to detect small differences in
perinatal mortality. Additionally, the population-based
nature of the registry makes the findings more generalizable than facility-based studies. However, the study
has several limitations. The MNHR was not designed to
specifically evaluate the association between age and
adverse pregnancy, thus not all relevant variables to
assess confounding were collected, i.e., marital status
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Figure 3 Maternal outcomes Risk Ratios 95% CI’s*

and tobacco exposure. However, the lack of these variables
has limited impact as adolescent pregnancies out of the
wedlock are rare in India and Pakistan [10] and also infrequent in SSA [3]. Additionally, in a previous Global Network study, tobacco exposure during pregnancy has
shown to be very low in all sites but Argentina [17].
Another limitation was the quality of the maternal morbidity data, which in these low-resource community settings with a substantial proportion of home births may
underestimate the true prevalence, which is reflected by
the low rates of hypertensive disorders. Finally, we did not
adjust by maternal education in the multivariate model, as
education was not clinically relevant, and furthermore,
higher education levels were observed among adolescents
compared to young adults in the SSA and LA sites. This is
consistent with another recent multi-country study [6],
and with the better trends in education reported in adolescents in several countries [18].
We observed no increased risk of maternal adverse outcomes among adolescents compared to adults after
adjusting for parity, which showed to be an important
confounder. Moreover, we observed a lower risk of
hypertensive disorders and obstructed labor among the
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adolescent groups. The association with lower risk of
pre-eclampsia has been previously reported in other studies, including a large hospital-based WHO multi-country study conducted in similar regions [6-8]. The
observed lower risk of obstructed labor might be
explained by a lower mean birth weight and rates of
macrosomia at birth among adolescents [6,7]. Nonetheless, these findings on maternal morbidity outcomes
should be interpreted cautiously, due to the limitations
described.
The observed increased risk in perinatal outcomes
among adolescents compared to adults, with the magnitude of the risk increased in early adolescents is consistent with previous reports. [4-10] However, in our study
this finding was not homogeneous across the regions.
The neonatal and perinatal mortality in SA was not
increased among older adolescents, and the magnitude of
the increased risk in preterm birth and LBW was smaller
than in SSA and LA. A possible explanation is that the
adolescents 15-19 years were actually one year older in
SA (mean 18.7 years) than in SSA and LA (mean 17.7
years). However this difference should be considered cautiously, as misclassification of age may be an alternative
explanation. In India and Pakistan marriage is not permitted before 18 years of age and it has been reported
that families may misrepresent girls as older to avoid this
limitation [10]. Nevertheless, it is also plausible that older
adolescents in south Asia were qualitatively different
than those in SSA and LA. The rates of adolescent pregnancy have been decreasing and are currently low in
south Asia, and rarely occur in single women. A possible
hypothesis to be tested in other studies would be that
this group was more comparable to young adults in their
behaviors, and consequently show more comparable outcomes. However this study cannot provide evidence to
either support or refute this hypothesis.
The increased risk in perinatal outcomes does not seem
to be mediated by a different access of adolescents to
antenatal care or a different quality in the care. The differences in access to care are relatively minor among the
groups, and the quality measured by the prevalence of
screening tests and preventive interventions seems to
have been comparable overall to adults. Similarly, the
worst perinatal outcomes seem not to be explained by a
different access to delivery care; adolescents, and more
particularly the younger ones, were more frequently
attended by skilled birth attendants and at hospitals than
their adult counterparts. We did not have complete
enough Registry data to evaluate the nutrition among
adolescents and adults in order to explore the possible
mediating role of nutritional factors on adverse perinatal
outcomes. Consistent with other studies [4,5], our findings suggest that the risks among adolescents cannot be
explained only by socio-economic factors, inadequate
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Figure 4 Perinatal outcomes Risk Ratios, 95% CI*

antenatal or delivery care. Although due to the study nature we cannot rule out residual confounding as a possible
explanation of our findings, other unknown age-related
factors seem to contribute to the increase perinatal risk
in adolescents.

Conclusions
In summary, this study provides more evidence that
pregnancy among adolescents is not associated with

worse maternal outcomes, but that it is associated with
worse perinatal outcomes, particularly among younger
adolescents. However, these trends may differ in regions
like south Asia where there are decreasing rates of early
adolescent pregnancies. Finally, our study suggests that
the increased perinatal risks among adolescents might be
associated to other unknown age-related factors, rather
than only to socio-economic factors, inadequate antenatal or delivery care.
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Abstract
Background: Stillbirth rates remain nearly ten times higher in low-middle income countries (LMIC) than high
income countries. In LMIC, where nearly 98% of stillbirths worldwide occur, few population-based studies have
documented characteristics or care for mothers with stillbirths. Non-macerated stillbirths, those occurring around
delivery, are generally considered preventable with appropriate obstetric care.
Methods: We undertook a prospective, population-based observational study of all pregnant women in defined
geographic areas across 7 sites in low-resource settings (Kenya, Zambia, India, Pakistan, Guatemala and Argentina).
Staff collected demographic and health care characteristics with outcomes obtained at delivery.
Results: From 2010 through 2013, 269,614 enrolled women had 272,089 births, including 7,865 stillbirths. The
overall stillbirth rate was 28.9/1000 births, ranging from 13.6/1000 births in Argentina to 56.5/1000 births in
Pakistan. Stillbirth rates were stable or declined in 6 of the 7 sites from 2010-2013, only increasing in Pakistan. Less
educated, older and women with less access to antenatal care were at increased risk of stillbirth. Furthermore,
women not delivered by a skilled attendant were more likely to have a stillbirth (RR 2.8, 95% CI 2.2, 3.5). Compared
to live births, stillbirths were more likely to be preterm (RR 12.4, 95% CI 11.2, 13.6). Infants with major congenital
anomalies were at increased risk of stillbirth (RR 9.1, 95% CI 7.3, 11.4), as were multiple gestations (RR 2.8, 95% CI
2.4, 3.2) and breech (RR 3.0, 95% CI 2.6, 3.5). Altogether, 67.4% of the stillbirths were non-macerated. 7.6% of
women with stillbirths had cesarean sections, with obstructed labor the primary indication (36.9%).
Conclusions: Stillbirth rates were high, but with reductions in most sites during the study period. Disadvantaged
women, those with less antenatal care and those delivered without a skilled birth attendant were at increased risk
of delivering a stillbirth. More than two-thirds of all stillbirths were non-macerated, suggesting potentially
preventable stillbirth. Additionally, 8% of women with stillbirths were delivered by cesarean section. The relatively
high rate of cesarean section among those with stillbirths suggested that this care was too late or not of quality to
prevent the stillbirth; however, further research is needed to evaluate the quality of obstetric care, including
cesarean section, on stillbirth in these low resource settings.
Study registration: Clinicaltrials.gov (ID# NCT01073475)
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Background
Nearly 2.7 million third trimester stillbirths occur each
year, most of which are thought to be preventable [1,2].
Globally there is a high variation in stillbirth rates with
low-income sub-Saharan African and South East Asian
countries reporting the highest rates, ranging from 20 – 40
per 1000 births, nearly 10 –fold higher than those documented in high-resource settings [3-5]. Nearly 98% of all
stillbirths occur in low- and middle-income countries
(LMIC), primarily in low-resource settings [1,6].
Within both high and low-resource settings, several
common risk factors for stillbirths have been documented. Stillbirths are more likely to occur among those
women who are of advanced age and, in some studies,
teenage women are also at increased risk [5,7,8]. Women
who are of lower socio-economic status, including those
with less education, have been shown to be at increased
risk [7,8]. Finally, women with prior pregnancy losses or
with complicated pregnancies, including multiple gestations, have an increased risk of stillbirth [9].
Across all settings, poor quality health care is an
important risk factor for stillbirth. Both the lack of access
to antenatal care and lack of access to quality obstetric
care have been associated with increased risk of stillbirth.
In particular, mode of delivery may influence stillbirth
risk [10,11]. While detailed cause of death data are
mostly unavailable for stillbirth in low-income countries
(LIC), in these settings recent efforts have been made to
classify stillbirths by those with signs of maceration, suggesting a fetal death occurring in the antepartum period
at least 12 hours prior to delivery, and those without
signs of maceration, which are frequently intrapartum
stillbirths or those which occur just prior to or during
labor and delivery. This characterization is helpful in
determining programmatic emphasis, as improved
antenatal care may reduce antenatal stillbirths while
improved obstetric labor and delivery care is needed to
reduce those stillbirths occurring in the intrapartum period. In these settings with high stillbirth rates, studies
have suggested that more than half of stillbirths may be
intrapartum [12,13]. In contrast, in high-income countries (HIC), intrapartum stillbirths have largely been
eliminated, suggesting that with adequate obstetric care,
including cesarean section when indicated, most of these
stillbirths are preventable [12].
While there has been increased attention to stillbirth
in recent years, in LIC, there are still few populationbased estimates of stillbirth rates, types of stillbirth, risk
factors for stillbirth, or measures of health care associated with stillbirth. Demographic health surveys generally have excluded stillbirth as routine pregnancy
outcomes, while research studies have primarily been
conducted in hospital-based settings. Thus, we sought
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to determine population-based stillbirth rates in lowresource settings in 6 countries participating in the
Eunice Kennedy Shriver National Institute of Child
Health and Human Development Global Network for
Women’s and Children’s Health Research (Global Network) [14]. We also evaluated the maternal characteristics and obstetric and antenatal care associated with risk
of stillbirth, with exploration of factors associated with
macerated and intrapartum stillbirths.

Methods
The Global Network’s Maternal Newborn Health Registry
(MNHR) is a prospective, population-based observational
study which includes all pregnant women and their outcomes in defined geographic communities (clusters).
These clusters were established with approximately 300 –
500 annual births in sites in western Kenya, Zambia
(Kafue and Chongwe), Pakistan (Thatta), India (Belgaum
and Nagpur), Guatemala (Chimaltenango), and Argentina
(Corrientes). The MNHR was initiated at each of the
study sites between 2008 and 2009 and continues to the
present, except in Argentina, which ended data collection
in March 2013.
Registry administrators (RAs), paid study staff who
were usually community health workers or nurses, identified pregnant women and generally consented those who
were eligible by 20 weeks gestation. All women who were
residents of the defined communities were eligible and
contacted. The RAs obtained basic health information at
enrollment, and then conducted a follow-up visit following delivery to collect pregnancy outcomes and health
care provided during delivery. Information on the study
outcomes was based on medical record review, and birth
attendant and family interviews.
Stillbirth was defined using a modified World Health
Organization (WHO) criteria of fetal deaths occurring at
≥20 weeks gestation (or for those without gestational age
available ≥500 g) [15]. The stillbirth rate was calculated
as the number of stillbirths per 1,000 births, the sum of
live births and stillbirths. Macerated stillbirths were
defined as those with signs of maceration at delivery
including skin and soft-tissue changes such as skin discoloration, redness, sloughing of skin, and overriding of
cranial sutures. (The RAs were trained to recognize stillbirths with maceration using both descriptions and pictures of fetuses with this condition.) Those without
maceration were considered to be intrapartum stillbirths;
however, while we assumed that those stillbirths with
maceration had died prior to labor and did not have fetal
heart tones, in this data set, we did not confirm that
those stillbirths without maceration had fetal heart tones
in labor. For maternal characteristics among those with
multiple births, women’s status regarding a ‘stillbirth’ or
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‘live birth’ was determined by the status of her firstborn
of the multiple gestation.

Data analyses
All data were entered and edited locally at a research
computer at each study site. Data were transmitted using
a secure process, with additional edits performed at the
data coordinating center, RTI International (RTI).
Descriptive analyses included calculating the frequency
and distribution of values. Additional analyses were performed to determine the relative risk of having a stillbirth
with factors previously associated with stillbirth based on
literature review, using general estimation equations to
adjust for the study clusters (study site). All data were
analyzed using SAS v.9.3 (Cary, NC).
Ethics approval
This study was reviewed and approved by all sites’ ethics
review committees (Instituto de Efectividad Clínica y
Sanitaria, University of Buenos Aires, Argentina; Francisco Marroquin University, Guatemala; University of
Zambia, Biomedical Research Ethics Committee, Zambia;
Moi University, Kenya; Aga Khan University; KLE University’s Jawharal Nehru Medical College, Belgaum;
Indira Gandhi Medical College, Nagpur), the institutional
review boards at each U.S. partner university and the

Figure 1 Stillbirth rates by Global Network site, 2010-2013
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data coordinating center (RTI International). All women
provided informed consent for data collection and
follow-up visits.

Results
During the study period from January 2010 through
December 2013, a total of 269,614 women were enrolled.
These women had 272,089 births, of which 7,865 were
stillbirths. The overall stillbirth rate for the entire study
period was 28.9 per 1000 births. The stillbirth rates ranged from 13.6 in Argentina to 56.5 per 1,000 births in
Pakistan. The India sites had significant reductions in
stillbirth rates from 2010 to 2013 (p<0.05), while the
rates in Latin American and African sites decreased and
the Pakistan site rates increased, though neither reached
statistical significance. Figure 1 illustrates the stillbirth
rates over time by study site.
Table 1 describes the maternal characteristics and risks
for stillbirth. Women who were >35 years of age were
more likely to have a stillbirth (RR 1.6, 95% CI 1.5, 1.8)
compared with women 20-35 years of age. Women without formal education were also more likely to deliver
stillbirths (RR 1.9, 95% CI 1.7, 2.2), compared to those
with higher education. Finally, those with parity >2 were
more than twice as likely to have a stillbirth as those with
those with parity 1-2 (RR 1.4, 95% CI 1.3, 1.5). Those
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Table 1. Maternal characteristics associated with stillbirth

Mother’s enrolled,
N

Stillbirth

Live birth

7,624

261,990

RR for SB vs. LB (95%
CI)
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Table 2. Antenatal and delivery care characteristics and
risk of stillbirth, 2010-2013
Stillbirth, N
(%)

Live birth, N
(%)

Relative Risk (95%
CI)*

ANC Visits

Maternal age

0

331 (8.2)

3,659 (2.6)

3.0 (2.5, 3.7)

<20

732 (9.6)

31,729 (12.1) 1.0 (1.0, 1.1)

1-2

1,358 (33.5)

25,842 (18.3)

1.0

20-35

6,423
(84.4)

219,821
(84.0)

1.0

3+

2,370 (58.4)

111,554 (79.1) 2.0 (1.7, 2.4)

>35

454 (6.0)

10,020 (3.0)

1.6 (1.5, 1.8)

Syphilis testing
received
Yes

1,917 (25.4)

103,889 (39.9) 1.0

No formal
education

3,151
(41.5)

64,284 (24.6) 1.9 (1.7, 2.2)

No

5,619 (74.6)

156,282 (60.1) 1.6 (1.5, 1.8)

Primary

2,281
(30.0)

99,567 (38.2) 1.3 (1.2, 1.5)

Yes

4,199 (55.6)

195,255 (74.8) 1.0

3,359 (44.4)

65,666 (25.2)

Education

Secondary
University+

HIV testing received

1,776
(23.4)

78,329 (30.0) 1.2 (1.1, 1.3)

No

383 (5.0)

18,619 (7.1)

Tetanus toxoid
vaccine

1.0

2.5 (2.1, 2.9)

Parity

Yes

5,352 (70.4)

225,165 (86.1) 1.0

0

No

2,250 (29.6)

36,396 (13.9)

Physician

3,155 (41.4)

100,662 (38.4) 1.0

Nurse/Midwife/HW

1,851 (24.3)

86,444 (33.0)

0.6 (0.6, 0.7)

TBA

1,404 (18.4)

62,573 (23.9)

0.5 (0.4, 0.6)

Family/Other

1,202 (15.8)

12,300 (4.7)

2.8 (2.2, 3.5)

Hospital

3,598 (47.2)

120,433 (46.0) 1.0

Clinic

1,415 (18.6)

66,929 (25.6)

0.6 (0.5, 0.7)

Home/Other

2,609 (34.2)

74,554 (28.5)

1.0 (0.8, 1.2)

Vaginal

6,238 (88.4)

225,418 (86.0) 1.0

Vaginal assisted

282 (4.0)

3,899 (1.5)

2.0 (1.3, 3.1)

C-section

533 (7.6)

32,665 (12.5)

0.6 (0.6, 0.7)

2609
(34.3)

87,908 (33.7) 1.3 (1.2, 1.3)

1-2

2623
(34.5)

110,597
(42.3)

>2

2370
(31.2)

62,783 (24.0) 1.4 (1.3, 1.5)

1.0

Prior loss
No

4,277
(85.7)

163,142
(94.2)

1.0

Yes

712 (14.3)

10,064 (5.8)

2.4 (2.2, 2.7)

who had experienced a prior pregnancy loss were also at
higher risk for delivering a stillbirth compared with those
without prior loss (RR 2.4, 95% CI 2.2, 2.7).
We also evaluated the antenatal and delivery care in
relationship to stillbirth (Table 2). Women with no prenatal care had an increased risk of stillbirth (RR 3.0,
95% CI 2.5, 3.7). Those who had not received testing for
syphilis (RR 1.6 95% CI 1.5, 1.8), HIV (RR 2.5, 95% CI
2.1, 2.9) or who had not received tetanus toxoid (RR 2.2
95% CI 2.0, 2.5) were at increased risk of stillbirth relative to those women who had received the testing.
Women delivered by a family member or other nonhealthcare provider were at increased risk of stillbirth
(RR 2.8, 95% 2.2, 3.5). Higher level of care was not associated with reduced risk of stillbirth. Finally, those
women delivered by cesarean section had decreased risk
of stillbirth (RR 0.6, 95% CI 0.6, 0.7) compared to those
with a spontaneous vaginal delivery, while women with
a vaginal assisted delivery were at increased risk of stillbirth (RR 2.0, 95% CI 1.3, 3.1) compared to those with a
vaginal delivery.
Because cesarean sections are generally not indicated
for women with a known stillbirth, to further assess the

2.2 (2.0, 2.5)

Birth attendant, N
(%)

Delivery location

Delivery mode

*Relative risk accounted for study cluster (site)

quality of obstetric care, we explored the indications for
cesarean section among women who delivered a stillbirth. A total of 533 (7.6%) women with stillbirths were
delivered by cesarean section. Figure 2 illustrates the
indication for cesarean section for those who ultimately
delivered a stillbirth. The most common indication for
cesarean section among those with stillbirth was
obstructed labor (n=190), followed by malposition
including breech (n=66) and major hemorrhage (n=63).
Of those delivered by cesarean section, 132 were macerated (5.6% of all of the macerated stillbirths) and 438
were non-macerated (90% of non-macerated).
Compared to live births, the stillbirths were more
likely to be preterm (RR 12.4, 95% CI 11.2, 13.6) and
were also more likely to be low birth weight (RR 12.1
95% CI 10.8, 13.5) (Table 3). They were also more likely
to be male (RR 1.2, 95% CI 1.1, 1.2) and from a multiple
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Figure 2 Indications for cesarean section among fresh and macerated stillbirth for Global Network sites, 2010 - 2013

gestation (RR 2.8, 95% CI 2.4, 3.2). Those with major
congenital anomalies (RR 9.1, 95% CI 7.3, 11.4) had a
higher risk of stillbirth. Women with a breech presentation or transverse lie also had a higher risk of stillbirth
(RR 3.0, 95% 2.6, 3.5).
Finally, we assessed the percentage of non-macerated
and macerated stillbirths by site (Figure 3). A total of

4,872 (67%) of the stillbirths were non-macerated. The
percentage of non-macerated stillbirth ranged from 78%
in Nagpur, India to 58% in Argentina.

Discussion
In this cohort study conducted in low-resource settings
across six countries in Asia, sub-Saharan Africa and

Table 3. Fetal characteristics and risk for stillbirth, 2010-2013
Stillbirth, N (%)

Live Birth, N (%)

Relative risk for stillbirth vs. livebirth (95% CI) *

Estimated gestational age
Preterm (< 37 weeks)

4,147 (59.4)

22,912 (8.9)

12.4 (11.2, 13.6)

Term (≥37 weeks)

2,830 (40.6)

233,556 (91.1)

1.0

Birth weight
< 2500g

4,654 (64.4)

29,993 (11.4)

12.1 (10.8, 13.5)

≥ 2500g

2,570 (35.6)

234,056 (88.6)

1.0

Male

3,856 (55.6)

136,886 (51.8)

1.2 (1.1, 1.2)

Female

3,083 (44.4)

127,275 (48.2)

1.0

Gender

Multiple gestation
Yes

383 (5.0)

4,457 (1.7)

2.8 (2.4, 3.2)

No

7,254 (95.0)

259,674 (98.3)

1.0

Yes

330 (4.7)

1,091 (0.4)

9.1 (7.3, 11.4)

No

6,672 (95.3)

259,098 (99.6)

1.0

Yes

553 (7.1)

5,749 (2.2)

3.0 (2.6, 3.5)

No

7,255 (92.9)

257,933 (97.8)

1.0

Congenital anomaly

Breech presentation

*Relative risks accounted for study cluster (site)
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Figure 3 Proportion of macerated and non-macerated stillbirth by
Global Network site, 2010-2013

Latin America, the overall stillbirth rate was 28.9 per
1000 births. Since 2010, the stillbirth rates decreased in
the Latin American and Indian sites, with modest
decreases in the Zambia or Kenya sites and increasing
stillbirth rates in the Pakistan site over the four-year
period. The overall stillbirth rates remained relatively
high, ranging from 13.6 in Argentina to 56.5 per 1,000
births in Pakistan. These rates are consistent with other
modeling estimates [1].
This is one of the largest prospective studies of stillbirth in low-resource settings in low to upper-middle
income countries conducted to date. One of the study
strengths was that we obtained population-based outcomes with excellent coverage of the catchment areas of
the study communities, including very high enrollment
and 98% follow-up to obtain pregnancy outcomes.
Furthermore, the study reflects four years of data. One of
the study’s limitations was that while we obtained signs
of maceration, these were through observation or report,
which previous studies have suggested may over-represent intrapartum stillbirth [16]. We were also unable to
reliably capture the cause of stillbirth, given the high proportion of births delivered outside of health care settings.
However, the study did collect basic demographic data
and health care utilization by women, cared for in a
range of health care settings, with one-third delivered at
home. As described elsewhere, related research was conducted over the study period in which training and
supervision occurred to help ensure detection of stillbirth
and differentiation of macerated from non-macerated
stillbirths [17-19].
The maternal socio-economic and maternal risk factors
for stillbirth observed were similar to those documented
in low-middle income country studies conducted elsewhere [3-5,7-10]. That is, women who had less education
and who were older were at significantly higher risk for
stillbirth. Similarly, those women having less access to
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antenatal care, as documented through fewer ANC visits
and reduced rates of prenatal testing, had increased risk
for stillbirth. While the rates of HIV and syphilis testing
were associated with the stillbirth rate, we assume the
relationship is primarily explained by these tests indicating the adequacy of antenatal and obstetric care. Similarly, provision of tetanus immunization, which has not
been associated with stillbirth, is also a marker for the
adequacy of care.
Being preterm and of low birth weight were both associated with more than ten-fold risks of being a stillbirth
compared to a live birth. In this case, it was not possible
to distinguish whether the preterm labor increased risk for
stillbirth or whether the condition that caused the stillbirth
may have also precipitated the early delivery. Regardless,
prematurity and low birth weight were strongly associated
with stillbirth.
Women with complicated pregnancies, including those
with multiple gestations and breech presentations, were at
significantly increased risk for stillbirth in our study. Similarly, those with major congenital anomalies had increased
of stillbirth, similar to risks shown from other LMIC [4].
Across the Global Network sites, non-macerated stillbirths
represented about 67% of all stillbirths. While this rate is
higher than some other LMIC studies, it is consistent with
studies suggesting that intrapartum stillbirth rates are
highest in the geographic regions with high stillbirth rates
[13]. This is an important relationship, as an intrapartum
stillbirth suggests that the fetus was alive at time of delivery care, that the stillbirth likely occurred in association
with intrapartum asphyxia or trauma, and that the stillbirth may have been preventable [12,20]. With the high
proportion of intrapartum stillbirths, our results suggest
that stillbirth rates could be substantially reduced by
focusing on these deaths with improved obstetric labor
and delivery care. While many could be prevented with
improved care, a proportion of non-macerated stillbirths
are associated with other causes such as major congenital
anomalies [21]. Our results also showed overall higher
stillbirth rates at hospitals and with physicians, relative to
the stillbirth rates found at lower levels of care. Because
this study was conducted at the population level, this finding is likely to be associated with the higher risk deliveries
presenting at these higher levels of care [21]; however, it
may also have implications for the quality of care available
at some of those facilities [12,22].
Prior research has suggested that timely access to highquality care at delivery can substantially reduce stillbirth,
especially those occurring in the intrapartum period,
including those associated with many types of complicated
pregnancies [20,23,24]. We explored this issue through
examining cesarean section and stillbirth further and
found that altogether 8% of all women with a stillbirth
were delivered by cesarean section. Because cesarean
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section is generally not indicated where there is a fetal
death [25-27], we examined the indications and noted that
the majority of these cesarean sections were conducted for
obstructed labor, major antepartum hemorrhage, or malposition. While these conditions are considered appropriate cesarean section indications [25], in these settings the
cesarean section was inadequate or performed too late to
save the fetus. The fact that such a high proportion of
women with stillbirths had cesarean section suggests that
the primary motivation may have been to save the
mother’s life. However, further research would be needed
to confirm this speculation. Additionally, while research in
HIC has suggested that stillbirths associated with these
types of complications are generally preventable with quality obstetric care, this finding would also need to be
further explored in low-resource areas.
Tools such as perinatal audits have been shown to
improve quality of facility care and reduce stillbirth [28].
Quality of care includes the judgment to determine
which women are at risk and require interventions such
as cesarean section, and performing these interventions
well. However, in addition to the quality of obstetric
care, the timeliness of providing obstetric care is critical,
especially to save the fetus. As suggested by our results,
cesarean section performed late may not benefit the
fetus or poorly performed instrumental delivery may
increase risk. Furthermore, the increased mortality associated with hospital and physician deliveries suggested
that women with risk may have been seeking care; however, the care may have been delivered too late to save
the fetus.

Conclusions
In summary, this analysis presents stillbirth rates in
LMIC which are substantially higher than in HIC, with
a wide range of increased rates. The majority of stillbirths were not macerated, suggesting that they
occurred at or near the time of delivery. Many of these
stillbirths were likely to be preventable by better obstetric care. Strategies to improve antenatal and obstetric
labor and delivery care for women in order to substantially reduce stillbirths, while well documented to reduce
stillbirth in HIC, may not be easily transferrable and
have yet to be proven effective in low-resource settings.
Given the high rates of stillbirth and slow rates of
reduction found across the diverse settings in LMIC, we
believe further research is needed to evaluate the strategies necessary to substantially reduce stillbirth in lowresource countries.
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Abstract
Background: Approximately 3 million neonatal deaths occur each year worldwide. Simple interventions have been
tested and found to be effective in reducing the neonatal mortality. In order to effectively implement public health
interventions, it is important to know the rates of neonatal mortality and understand the contributing risk factors.
Hence, this prospective, population-based, observational study was carried out to inform these needs.
Methods: The Global Network’s Maternal Newborn Health Registry was initiated in the seven sites in 2008. Registry
administrators (RAs) attempt to identify and enroll all eligible women by 20 weeks gestation and collect basic
health data, and outcomes after delivery and at 6 weeks post-partum. All study data were collected, reviewed, and
edited by staff at each study site. The study was reviewed and approved by each sites’ ethics review committee.
Results: Overall, the 7-day neonatal mortality rate (NMR) was 20.6 per 1000 live births and the 28-day NMR was
25.7 per 1000 live births. Higher neonatal mortality was associated with maternal age > 35 and <20 years relative
to women 20-35 years of age. Preterm births were at increased risk of both early and 28-day neonatal mortality (RR
8.1, 95% CI 7.5-8.8 and 7.5, 95% CI 6.9-8.1) compared to term as were those with low birth weight (<2500g).
Neonatal resuscitation rates were 4.8% for hospital deliveries compared to 0.9% for home births. In the hospital,
26.5% of deliveries were by cesarean section with an overall cesarean section rate of 12.5%. Neonatal mortality
rates were highest in the Pakistan site and lowest in Argentina.
Conclusions: Using prospectively collected data with high follow up rates (99%), we documented characteristics
associated with neonatal mortality. Low birth weight and prematurity are among the strongest predictors of
neonatal mortality. Other risk factors for neonatal deaths included male gender, multiple gestation and major
congenital anomalies. Breech presentation/transverse lie, and no antenatal care were also significant risk factors for
neonatal death. Coverage of interventions varied by setting of delivery, with the overall population rate of most
evidence-based interventions low. This study informs about risk factors for neonatal mortality which can serve to
design strategies/interventions to reduce risk of neonatal mortality.
Trial registration: The trial is registered at clinicaltrials.gov. ClinicalTrial.gov Trial Registration: NCT01073475
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Background
Approximately 3 million neonatal deaths occur each year
worldwide accounting for 40% of the under 5 mortality
[1]. Three-quarters of neonatal deaths occur during the
first week after birth, and of these nearly 75% occur in
the first 24 hours. Worldwide, neonatal mortality has
been reported to be caused by infection (36%), preterm
birth (28%) and birth asphyxia (23%) [2-4]. Simple interventions aimed at these main causes have been tested
and found to be effective in reducing the neonatal
mortality [5,6].
First, to improve newborn care, emphasis has been
placed on the delivery of all women within a health facility with capabilities to perform the essential obstetric and
newborn care. Specifically, to reduce newborn mortality
associated with birth asphyxia, access to high quality
perinatal care, including cesarean section and newborn
resuscitation, is needed [6-9]. To reduce mortality associated with preterm birth, evidence-based interventions
including resuscitation care, skin-to-skin care, and exclusive breast feeding and support may be most effective. To
reduce infection-related mortality, clean delivery practices, cord care, and treatment of possible infections are
important. Estimates have suggested that more than 70%
of newborn mortality is preventable with these existing
evidence-based practices, but coverage of these interventions is low and uneven in geographic areas with highest
burden of mortality [7]. Nearly half of women in lowresource areas still deliver outside health facilities, and
many facilities are under-staffed or lack basic essential
care [10,11].
Because the majority of deliveries occur in settings with
poor health care systems, population-based rates of the
coverage of these essential interventions have been lacking. Additionally, many reports on the trends of neonatal
mortality use estimates or modeling and often do not
provide precise estimates of the mortality rates [1,4].
Moreover, under-reporting of these vital events is more
common in such settings, and estimates of mortality and
availability of care are mainly obtained from hospital
records and surveys [11,12].
In order to effectively implement public health interventions, the rates of neonatal mortality, the contributing
factors, and the availability of the essential interventions
across settings where women delivery are needed. Prospective studies may provide more specific data to inform
these needs. However, these studies have been frequently
small or restricted to hospital settings which limit their
generalizability and ability to fully describe the trends [4].
Hence, there is a need for population-based, prospectively collected data on neonatal mortality, especially
from low resource settings where most of the mortality
occurs. This is essential for planning the interventions
and prioritizing the health care delivery to improve
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newborn survival. To address this gap in knowledge, we
undertook a prospective, population-based observational
study of newborn outcomes in low resource settings of
the Global Network for Women’s and Children’s Health
Research (Global Network) using the Maternal Newborn
Health Registry (MNHR) [13-15].

Methods
The Global Network’s MNHR, a prospective, populationbased, observational study, was initiated in 2008 and is
an ongoing study being conducted at study sites in
western Kenya, Zambia (Chongwe and Kafue), Pakistan
(Thatta), India (Belgaum and Nagpur), Guatemala
(Chimaltenango), and Argentina (Corrientes). Within
each site, between 6 and 24 study clusters, geographic
regions which were initiated with approximately 300 to
500 annual births were defined prospectively between
2008 and 2009. The objective of the MNHR is to include
all pregnancies in these regions, regardless of delivery
location [14].
Registry administrators (RAs) who are full time MNHR
study staff aim to identify and enroll all eligible, pregnant
women residing within the defined clusters by 20 weeks
gestation, regardless of contact with the health care system or planned delivery location. After obtaining the
woman’s consent, the RAs collected basic health data and
conduct follow-up visits at two points: after delivery to
collect outcomes at delivery and at 6 weeks post-partum.
At the visit following each delivery, information on resuscitation with bag and mask, skin to skin contact after
delivery, initiation of breastfeeding within one hour of
birth, and bathing within six hours of birth was collected
by interviewing the birth attendant and the mother/
family members. In addition, basic obstetric practice
including birth attendant type, and practices including
administration of uterotonic agents during or immediately following delivery, administration of maternal antibiotics, and setting of delivery (hospital, clinic or health
center or home, which included birth attendant’s home)
were documented. Regardless of delivery setting, the RAs
obtained the birth outcome and sought to interview the
birth attendant (whether traditional or skilled) who
assisted in the delivery. In case of neonatal death, RAs
conducted a basic death audit by interviewing birth
attendant and/or family members, including the mother
whenever possible.
Neonatal mortality was evaluated both following delivery and at the 6-week follow-up visit. The neonatal mortality rate was calculated both as the early neonatal
mortality rate (early NMR) defined as the number of
early (0-6 days) neonatal deaths per 1,000 live births,
and as the 28-day neonatal mortality rate (NMR),
defined as the number of neonatal deaths (defined as
deaths through 28 days of life) per 1000 live births.
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Data analyses
All study data were collected, reviewed, and edited by
staff at each study site. Data were then transmitted to a
central data coordinating center (RTI International,
Durham, NC) using a secure process, with additional
edits performed centrally and addressed at each site.
Descriptive analyses included calculating the frequency
and distribution of values. Generalized linear models
were used to evaluate the relationship of potential risk
factors [9-11] and early and 28-day neonatal mortality
and to develop point and interval estimates of the relative risk associated with these risk factors. Finally, generalized estimating equations were used to account for the
correlation of outcomes within cluster in developing
appropriate p-values and confidence intervals. Data were
analyzed using SAS v.9.3 (Cary, NC).
Ethics approval
The MNHR study was reviewed and approved by each
sites’ ethics review committee (Institute for Clinical
Effectiveness and Health Policy, Argentina; San Carlos
University, Guatemala; University of Zambia, Zambia;
Moi University, Kenya; Aga Khan University, Pakistan;
KLE University’s Jawaharlal Nehru Medical College; and
Indira Gandhi Medical College, India), the U.S. partner’s
institutional review boards, and the data coordinating
center (RTI International). All women provided informed
consent for data collection.
Results
During the study period from January 2010 through
December 2013, a total of 269,614 women were enrolled,
who had 262,890 live births (a total of 7,624 stillbirths
were also reported which were excluded from subsequent
analyses for this study) (Figure 1). Among live births, the
follow-up rate at 6 weeks postpartum was 98.9%. For the
entire study period, across all sites, the overall early

Figure 1 CONSORT Diagram for neonatal study, 2010 - 2013
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NMR was 20.6 per 1000 live births and the 28-day NMR
was 25.7 per 1000 live births.
Table 1 describes maternal characteristics and risks for
early and 28-day neonatal mortality. Higher neonatal
mortality was associated with maternal age > 35 and
<20 years relative to women 20-35 years of age. Among
women with no formal education, the risk of early NMR
was also significantly higher (RR 1.6, CI 1.4- 1.9), relative to those with primary school or higher education.
Additionally, no antenatal care (ANC) was associated
with higher risk of early neonatal mortality, and among
women receiving ANC, having fewer visits was associated with increasing risk of both early and 28-day neonatal mortality.
We also assessed the newborn characteristics associated with early and 28-day neonatal mortality. The preterm births accounted for 44.6% (n = 2,172) of the early
neonatal deaths and 42.8% (n=2,615) of the 28-day deaths
(Table 2). The NMR was 114.7 per 1000 live births for
preterm births compared to 15.0 per 1000 for term births
and similarly was 121.7 per 1000 for those <2500 g vs.
13.6 per 1000 for ≥2500 g births. Among those born preterm, risk of both early and 28-day neonatal deaths (RR
8.1, 95% CI 7.5, 8.8 and RR 7.5, 95% CI 6.9, 8.1) was
higher relative to term births. Those born with low birth
weight (<2500g) were also at increased risk of neonatal
mortality relative to those born with birth weight ≥2500
g, RR 5.7 (95% CI 5.1, 6.3 of neonatal mortality for those
1500-2499 vs. ≥2500 g). Male infants were at increased
risk (RR 1.2, 95% CI 1.1, 1.2 vs. female) and as were those
from multiple gestations (RR 6.6, 95% CI 6.0, 7.3 vs. singleton). Those neonates with major congenital anomalies
had higher risk of 28-day neonatal death (RR 14.6, 95%
CI 12.4, 17.3). Finally, women with a breech presentation
also had higher risk of neonatal death (RR 2.8, CI 2.4,
3.2) compared to women with a non-breech presentation.
Next, we assessed the rates of essential care practices
by location of delivery. Altogether, 46.2% of the deliveries
occurred at a hospital, 25.5% at a clinic and 28.4% at
home or birth attendant’s home (data not shown).
Among deliveries occurring at hospitals, 59.3% of women
received uterotonic agents during or following delivery,
compared to 47% of those delivering at a clinic and 4.0%
of those delivering in a home setting (Table 3). Similarly,
60.7% of those women delivering in a hospital received
antibiotics, compared to 37.1% at a clinic and 2.2% at
home. Regarding essential newborn practices, 4.8% of
those delivered at hospitals were resuscitated, compared
to 3.8% of those in clinic and 0.9% delivered in a home
setting. Breastfeeding rates were similar between the settings, with 72.5% of those in hospitals, 81.7% of those in
clinics and 69.0% of those in home settings reporting
breastfeeding within one hour of delivery. Early skin-toskin contact rates were higher at the hospital (32.5%) and
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Table 1. Early and 28-day neonatal mortality and maternal characteristics for registry, 2010-2013
Alive at Day 28 Early Neonatal Death 28-day Neonatal Death RR (95% CI)** for Early NMR RR (95% CI)** for 28-Day NMR
N (%)*
N (%)*
N (%)*
Maternal age
< 20

30,953 (12.1)

615 (11.4)

758 (11.2)

1.2 (1.1, 1.3)

20-35

215,011 (84.1)

4,527 (83.8)

5,657 (83.8)

1.0

1.2 (1.1, 1.3)
1.0

> 35

9,754 (3.8)

259 (4.8)

338 (5.0)

1.3 (1.1, 1.5)

1.3 (1.2, 1.5)

No formal education

61,649 (24.2)

2,073 (38.5)

2,628 (39.0)

1.6 (1.4, 1.9)

1.7 (1.5, 2.0)

Primary

97,912 (38.4)

1,717 (31.9)

2,146 (31.8)

1.4 (1.2, 1.6)

1.5 (1.3, 1.6)

Secondary

77,011 (30.2)

1,310 (24.3)

1,632 (24.2)

1.2 (1.0, 1.4)

1.3 (1.1, 1.4)

University+

18,381 (7.2)

287 (5.3)

332 (4.9)

1.0

1.0

255,381

5,387

6,736

0

85,581 (33.5)

2,067 (38.4)

2,527 (37.5)

1.4 (1.3, 1.5)

1.4 (1.3, 1.5)

1-2

108,556 (42.5)

1,852 (34.4)

2,317 (34.4)

1.0

1.0

>2

61,244 (24.0)

1,468 (27.3)

1,892 (28.1)

1.2 (1.1, 1.3)

1.2 (1.1, 1.3)

Yes

247,027 (96.7)

5,044 (93.6)

6,274 (93.1)

1.0

1.0

No

8,544 (3.3)

345 (6.4)

462 (6.9)

1.3 (1.0, 1.7)

1.4 (1.1, 1.8)

3,455 (2.5)

139 (4.8)

194 (5.4)

1.4 (1.0, 1.8)

1.6 (1.3, 1.9)

Maternal education

Parity

At least one ANC visit

ANC visits
0
1-2

24,992 (18.1)

754 (26.2)

937 (25.9)

1.3 (1.1, 1.4)

1.3 (1.1, 1.4)

≥3

109,660 (79.4)

1,988 (69.0)

2,493 (68.8)

1.0

1.0

*N’s less than the total represent missing responses
**Relative risk (RR) and 95% CI use GEE to account for study cluster

health center (25.0%) compared to home (12.1%). Early
bathing, a practice not recommended, was reported at
lower rates at the hospital (7.9%) compared to clinics
(13.3%) and home (40.0%). Finally, use of cord care was
higher at hospitals (44.8%) compared to clinics (30.2%)
and home (23.8%). Among hospital births, 26.5% of the
deliveries were performed by cesarean section for an
overall rate of 12.5% in the population (data not shown).
Finally, we evaluated the characteristics by site. Figure 2
summarizes the early and 28-day mortality by site. Rates
were highest in the Pakistan site (40.3/1000 and 50.0/
1000 for early and 28-day neonatal mortality, respectively) and lowest in Argentina. When we evaluated the
obstetric and essential newborn care practices by site
(Table 4), starting of breastfeeding within one hour of
delivery ranged from 92% in Zambia to 23% in Pakistan.
Initiation of skin-to-skin contact was 83% in Argentina
and in rest of the sites, ranged from 31% in Nagpur to 2%
in Pakistan. 99% of the babies did not receive a bath in
the first six hours of birth in Nagpur and Argentina and
48% of them did not receive a bath in Guatemala.
Regarding obstetric care, cesarean section rates ranged
from 1.1% in Zambia to 34.9% in Argentina and the use
of oxytocics ranged from 17.5% in Zambia to 96.1% in
Argentina. Finally, maternal antibiotic use ranged from
1.2% in Zambia to 86.4% in Nagpur, India.

Discussion
The Global Network’s MNHR, a prospective, observational
study, is being conducted in seven sites with the aim of
providing reliable, community-based data on rates of
maternal, fetal and neonatal mortality as well as factors
that may be related to these outcomes. Designated field
staff obtain health outcomes with their work monitored by
central study staff. One of the strengths of the study was
that nearly all women residing within the cluster for delivery were enrolled and very few of the women or infants
were lost to follow-up [16]. Thus, the MNHR documents
both mortality rates as well as coverage of interventions
across all delivery locations for the study regions.
Both the early and 28-day neonatal mortality rates
varied profoundly between the study sites, with the
highest 28-day rates of 50 per 1000 live births reported
in Pakistan and the lowest rates observed in the Argentina clusters. These rates were similar to the estimates
from the Global Burden of Disease study (2013) [17].
We also observed differences in indicators of both
obstetric and newborn care across sites.
As expected, neonatal deaths were more common in
preterm and in low birth weight babies, with more than
40% of the early and 28-day neonatal deaths accounted
for by those born preterm or low birth weight [18-20].
Other risk factors for neonatal deaths included male
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Table 2. Early and 28-day neonatal mortality and newborn characteristics for registry, 2010-2013*
Alive at Day 28
N (%)*

Early Neonatal Death
N (%)*

28-Day Death
N (%)*

RR (95% CI)** for Early NMR

RR (95% CI)** for 28-Day NMR

256,126

5,412

6,764

–

–

20,174 (8.1)

2,172 (44.6)

2,615 (42.8)

8.1 (7.5, 8.8)

7.5 (6.9, 8.1)

228,935 (91.9)

2,703 (55.4)

3,492 (57.2)

1.0

1.0

Births, N
Estimated gestational age
Preterm
Term
Birth weight category
< 1000g

52 (0.0)

286 (5.3)

315 (4.7)

71.8 (63.2, 81.5)

61.4 (54.8, 68.9)

1000-1499g

639 (0.2)

812 (15.1)

970 (14.4)

46.0 (41.0, 51.6)

42.7 (38.2, 47.8)

1500-2499g

25,581 (10.0)

1,784 (33.2)

2,259 (33.6)

5.7 (5.1, 6.4)

5.7 (5.1, 6.3)

≥ 2500g

229,732 (89.7)

2,485 (46.3)

3,174 (47.2)

1.0

1.0

Male

132,424 (51.7)

3,099 (57.4)

3,780 (56.0)

1.2 (1.2, 1.3)

1.2 (1.1, 1.2)

Female

123,653 (48.3)

2,303 (42.6)

2,973 (44.0)

1.0

1.0

Yes

3,693 (1.4)

567 (10.5)

704 (10.4)

6.7 (6.0, 7.6)

6.6 (6.0, 7.3)

No

252,352 (98.6)

4,838 (89.5)

6,052 (89.6)

1.0

1.0

Infant gender

Multiple birth

Congenital anomaly
Present

695 (0.3)

318 (6.0)

392 (5.9)

15.0 (12.5, 17.9)

14.6 (12.4, 17.3)

Absent

251,599 (99.7)

4,952 (94.0)

6,207 (94.1)

1.0

1.0

5,285 (2.1)

353 (6.5)

423 (6.3)

3.0 (2.5, 3.4)

2.8 (2.4, 3.2)

1.0

1.0

Breech presentation
Yes
No
*N’s less than the total represent missing responses
**Relative risk (RR) and 95% CI use GEE to account for study cluster

gender and those from a multiple gestation. Major congenital anomalies and breech presentation or transverse
lie were also significant risk factors for neonatal death.
Similar observations were noted in the Lancet Neonatal
Survival Series 1 (2005) [5]. Women who had no
antenatal care were at increased risk of experiencing a
neonatal death as were women who were without any
formal care at the time of delivery.
The coverage of evidence-based interventions varied
widely by setting of delivery, as well as by study site.

Overall, with the exception of breastfeeding rates which
were similar across settings, hospital deliveries had
improved coverage of the essential newborn care as well
as obstetric interventions, compared to clinic or home
settings. For example, it is estimated that 5% of all deliveries require basic resuscitation, approximately the rate
observed in hospitals [21,22], but the population-rate
was much lower. Overall there was uneven coverage of
these evidence-based interventions. For example, while
there was a cesarean section rate of over 25% among

Table 3. Rates of interventions by delivery location for registry deliveries, 2010- 2013
Delivery Location
Hospital

Clinic

119,994

66,554

74,091

Uterotonics, N (%)

70,144 (59.3)

31,137 (47.0)

2,956 (4.0)

Maternal antibiotics, N (%)

72,026 (60.7)

24,596 (37.1)

1,591 (2.2)

121,291

66,952

74,573

Deliveries, N

Live births, N
Bag and mask resuscitation, N (%)

Home/Other

5,696 (4.8)

2,511 (3.8)

702 (0.9)

Breastfeed within 1 hour, N (%)

86,098 (72.5)

54,163 (81.7)

51,040 (69.0)

Skin-to-skin contact, N (%)

39,030 (32.5)

16,680 (25.0)

8,877 (12.1)

9,287 (7.9)

8,811 (13.3)

29,637 (40.0)

54,007 (44.8)

20,165 (30.2)

17,432 (23.8)

Bathed within 6 hours, N (%)
Cord care, N (%)
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Figure 2 Early and 28-day neonatal mortality by study site, 2010-2013

facility-deliveries, this translated to 12.5% among the
entire population. When we examined coverage by site,
the disparity was clear, with only 1% cesarean section
rates at the African sites.
A prior study to evaluate availability of essential interventions in the health facilities serving the MNHR clusters
found low coverage of basic equipment and medicines
with few facilities having physicians available 24 hours/
day, seven days a week [10]. As international organizations
have placed an emphasis on increasing facility-based deliveries in order to improve birth outcomes [8], access to
antenatal care including birth preparedness with timely
transport, as well quality of obstetric and neonatal care in
these settings will be needed to help reduce neonatal mortality [7,8,23].
Further research is needed to define which interventions will result in substantial reductions in neonatal
mortality and in particular, those interventions that may
be effective in reducing mortality associated with preterm
birth. Additionally, the disparity in coverage of interventions was clear. Women who did not deliver at a health
facility had much lower access to essential care.

Conclusions
Using prospectively collected data with high follow up
rates (99%), we have documented characteristics that are
associated with neonatal mortality. Low birth weight and
prematurity are among the strongest predictors of neonatal mortality. Congenital anomaly is also highly associated. These data support the recent evidence that
prematurity and low birth weight are now the most common causes of neonatal mortality worldwide [20]. Several
maternal and delivery characteristics are also associated
with high neonatal mortality risk. This study informs
about risk factors for neonatal mortality which can serve
to design strategies for decreasing neonatal mortality.
Furthermore, it is clear that women who delivered outside a health facility were much less likely to receive
essential obstetric and newborn care. Ensuring women
have access to this basic care is an important step to
reducing newborn mortality.
Peer review
Reviewer reports for this article can be found in Additional file 1.

Table 4. Obstetric and Essential Care Practices by Global Network Site, 2010-2013
Africa

Asia

Latin America

Kenya, N (%) Zambia, N (%) Belgaum, N (%) Nagpur, N (%) Pakistan, N (%) Argentina, N (%) Guatemala, N (%)
Deliveries, N

34,878

26,791

77,649

38,070

44,933

9,716

28,675

493 (1.4)

286 (1.1)

11,097 (14.3)

7,601 (20.0)

4,293 (9.6)

3,393 (34.9)

5,348 (18.7)

Uterotonics

9,548 (27.5)

4,667 (17.5)

29,239 (38.1)

27,871 (73.3)

15,595 (34.8)

9,314 (96.1)

7,987 (28.6)

Maternal antibiotics

2,666 (7.7)

330 (1.2)

37,368 (48.5)

32,792 (86.4)

13,509 (30.1)

5,591 (57.7)

5,975 (21.3)

35,303

27,010

78,190

38,327

45,427

9,774

28,859

Cesarean section

Live births, N
Bag and mask resuscitation

595 (1.7)

531 (2.0)

3,344 (4.3)

1,312 (3.5)

2,410 (5.3)

406 (4.2)

319 (1.1)

28,937 (82.1)

24,623 (91.6)

63,927 (85.2)

32,797 (86.0)

10,597 (23.4)

8,633 (89.0)

21,823 (75.9)

Skin-to-skin contact

8,787 (25.1)

6,235 (23.4)

22,424 (29.0)

11,847 (31.1)

955 (2.1)

7,911 (82.6)

6,432 (22.6)

Bathed within 6 hours

15,515 (44.0)

5,441 (20.2)

3,681 (4.8)

340 (0.9)

8,944 (19.7)

87 (0.9)

13,739 (52.2)

Breastfeed within 1 hour
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Abstract
Background: Because large, prospective, population-based data sets describing maternal outcomes are typically
not available in low- and middle-income countries, it is difficult to monitor maternal mortality rates over time and
to identify factors associated with maternal mortality. Early identification of risk factors is essential to develop
comprehensive intervention strategies preventing pregnancy-related complications. Our objective was to describe
maternal mortality rates in a large, multi-country dataset and to determine maternal, pregnancy-related, delivery
and postpartum characteristics that are associated with maternal mortality.
Methods: We collected data describing all pregnancies from 2010 to 2013 among women enrolled in the multinational Global Network for Women’s and Children’s Health Research Maternal and Neonatal Health Registry
(MNHR). We reported the proportion of mothers who died per pregnancy and the maternal mortality ratio (MMR).
Generalized linear models were used to evaluate the relationship of potential medical and social factors and
maternal mortality and to develop point and interval estimates of relative risk associated with these factors.
Generalized estimating equations were used to account for the correlation of outcomes within cluster to develop
appropriate confidence intervals.
Results: We recorded 277,736 pregnancies and 402 maternal deaths for an MMR of 153/100,000 live births. We
observed an improvement in the total MMR from 166 in 2010 to 126 in 2013. The MMR in Latin American sites
(91) was lower than the MMR in Asian (178) and African sites (125). When adjusted for study site and the other
variables, no formal education (RR 3.2 [1.5, 6.9]), primary education only (RR 3.4 [1.6, 7.5]), secondary education only
(RR 2.5 [1.1, 5.7]), lack of antenatal care (RR 1.8 [1.2, 2.5]), caesarean section delivery (RR 1.9 [1.3, 2.8]), hemorrhage
(RR 3.3 [2.2, 5.1]), and hypertensive disorders (RR 7.4 [5.2, 10.4]) were associated with higher risks of death.
Conclusions: The MNHR identified preventable causes of maternal mortality in diverse settings in low- and middleincome countries. The MNHR can be used to monitor public health strategies and determine their association with
reducing maternal mortality.
Trial Registration: clinicaltrials.gov NCT01073475
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Background
More than 99% of the women who die from pregnancyrelated complications live in low- and middle-income
countries where systematic data collection is of variable
quality [1-4]. In these countries, most data sets are incomplete or record small numbers of deaths. Because maternal
deaths occur infrequently, it is difficult to draw inferences
about the underlying causes of mortality from these data
sets. In addition to the relatively small numbers of maternal deaths, many reports are limited to women who were
treated in facilities, which might underrepresent mortality
due to deaths that occur at home or outside of a health
care facility. Also, they misclassify maternal death as that
being attributable to causes other than pregnancy-related
causes [5-8]. Because prospective data sets that record
large numbers of maternal deaths are lacking, much of the
information available relative to maternal mortality is
derived from models that generate estimates or synthesize
data from several studies or data repositories [5,9,10].
Therefore, a reliable, comprehensive set of medical and
social factors that are strongly associated with maternal
mortality is needed from prospective population-based
data sets that can also track maternal mortality rates over
time. Early identification of risk factors is essential to
develop comprehensive intervention strategies preventing
pregnancy-related complications. Maternal mortality rates
will not be reduced without comprehensive intervention
strategies that include monitoring of risk factors shown to
be associated with maternal mortality [11,12].
The Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD) Global Network for Women’s and Children’s Health Research (GN)
Maternal and Neonatal Health Registry (MNHR) is a fiveyear, multi-country, population-based, prospectively collected record of pregnancy outcomes including maternal
death. This data set is ideal to study a variety of medical
and social risk factors that might contribute to maternal
mortality. The goals of this paper are to describe maternal
mortality rates by site within the GN from 2010 to 2013
and to determine maternal, pregnancy-related, delivery
and postpartum characteristics that are associated with
maternal mortality.
Methods
We collected information from the MNHR for pregnancies between January 1, 2010 and December 31, 2013. The
registry included research sites in the counties of Busia,
Bungoma and Kakamega (within the western region),
Kenya; Kafue and Chongwe (located south and east of the
capital city of Lusaka), Zambia; Belgaum and Bagalkot
(within the northern part of the southern state of Karnataka), India; Nagpur (within the state of Mahrashtra),
India; Thatta (two of the five sub-districts in the southern
Sindh province, near the city of Karachi), Pakistan;
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Corrientes and Santiago del Estero, Argentina; and Chimaltenango (in the Western Highlands), Guatemala. The
sites represent urban and rural environments across a
range of human development indices (a composite score
statistic of life expectancy, education and income) from
0.465-0.828.
Data were collected from women who resided within
study clusters through a combination of methods, including abstraction of medical records and by a series of
interviews conducted by trained study staff. Maternal
characteristics, including demographic information were
collected at the time a pregnant woman was screened
and consented. Although the goal was to identify women
as early as possible in pregnancy, women could be
enrolled at any point during pregnancy or after delivery.
Antenatal and delivery characteristics were recorded
within 3-7 days after delivery. Postpartum characteristics
were collected at a clinic or home visit at 6 weeks after
delivery. This information was collected regardless of
maternal or infant status at 6 weeks after delivery. We
excluded women who were lost to follow-up prior to
delivery and those who did not have records indicating
maternal status at the 6-week follow-up visit. Pregnancy
outcomes, including stillbirths and neonatal characteristics, have been previously published and are therefore
not included in this paper [13].
We defined maternal death as the death of a woman
while pregnant or within 42 days of the end of pregnancy,
in accordance with the World Health Organization
(WHO). We defined fetal malposition as transverse lie,
oblique lie or breech. For maternal, antenatal, delivery
and post-partum characteristics, we reported the percent
of births resulting in a maternal death, using all recorded
pregnancies as the denominator irrespective of the delivery outcome (miscarriage, stillbirth, live birth, etc). We
also used the standard maternal mortality ratio
(MMR=maternal deaths/100,000 live births) to record
maternal death by site over time. The 95% confidence
interval for the maternal mortality ratio was approximated using the variance of the proportion of maternal
deaths for each site and year.
Generalized linear models were used to evaluate the
relationship of potential medical and social factors and
maternal mortality and to develop point and interval
estimates of relative risk associated with these factors.
Generalized estimating equations were used to account
for the correlation of outcomes within cluster to develop
appropriate confidence intervals. We ran a multivariable
regression model to determine the maternal, pregnancyrelated, delivery and postpartum factors that were associated with maternal death. We included all medical and
social variables that could be associated with maternal
mortality and were reliably collected in the MNHR. We
included variables that were present at enrollment or
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around the time of delivery, including: maternal age,
maternal education, parity, antenatal care, birth attendant, delivery mode, obstructed labor, fetal malposition,
hemorrhage and hypertensive disorders. We excluded
factors with significant missing fields. For the purposes
of the multivariable model, we defined the variable
hemorrhage as an antepartum or postpartum hemorrhage, and the variable hypertensive disorder as an antepartum hypertensive disorder or postpartum seizure or
convulsion. The model was further adjusted for clinical
site. Data are presented as adjusted risk ratios and 95%
confidence intervals. All analyses were performed at the
Data Coordinating Center at RTI International (Durham, NC) using SAS, Inc. (Version 9.3).
At each site, institutional review boards or research
ethics committees and ministries of health approved the
collection of data included in the MNHR. We used sensitization meetings to achieve approval within local communities prior to the initiation of the study, with informed
consent from individual participants. A data monitoring
committee, appointed by the NICHD oversees and reviews
the MNHR annually.

Results
During the study period, we recorded 277,736 deliveries,
262,887 live births and 402 maternal deaths (145 maternal deaths/100,000 deliveries). This resulted in a MMR of
153/100,000 live births. We calculated maternal mortality
ratios by site (Table 1). MMR ranged from 72 in Argentina to 321 in Pakistan. The MMR in Latin American
sites (91) was lower than the MMR in Asian (178) and

African sites (125). We observed an overall decrease in
the total MMR over a four-year period from 166 in 2010
to 126 in 2013. Sites that had reductions in the MMR in
the four-year period included: Kenya (133 to 98), Zambia
(158 to 76), Belgaum, India (169 to 87), Nagpur, India
(132 to 123), and Guatemala (157 to 68). Pakistan had
the highest MMR each year compared to the other sites
and the MMR increased from 2010 to 2013 (227 to 348).
Cumulative maternal mortality is illustrated in Figure 1.
Mothers who were >35 years old, had no formal education or primary education only, had >2 children, or had a
previous pregnancy loss were more likely to die, (Table 2).
Antenatal and delivery characteristics that were associated
with increased risk of death included: inadequate antenatal
care, operative or assisted vaginal deliveries, obstructed
labor, fetal malposition, antepartum hemorrhage, hypertensive disorders, and the receipt of many maternal medical treatments (e.g: blood transfusions, anticonvulsant
medications, intravenous fluids), (Table 3). Postpartum
characteristics that were associated with maternal death
included seizures or convulsions, hemorrhage, anemia,
hospitalization and the receipt of medical treatment,
(Table 4).
We evaluated the association between selected factors
that were associated with the death of the mother,
(Table 5). We excluded the factor of a previous living
child due to missing data or primiparous mothers
(n=94,393). We excluded the variable of delivery location due to significant confounding with birth attendant.
When adjusted for study site and the other variables, no
formal education (RR 3.2 [1.5, 6.9]), primary education

Table 1. Maternal mortality ratio (MMR) by site and year
Region

Africa

Total

Site

Kenya

Zambia

Belgaum, India

Nagpur, India

Pakistan

Argentina

Guatemala

35,603

27,614

84,573

41,293

49,602

9,860

29,191

277,736

Maternal deaths, n

44

34

99

44

146

7

28

402

Deliveries, n

36,060

27,863

85,160

41,574

50,191

9,921

29,392

280,161

Live births, n

35,300

26,997

78,189

38,326

45,439

9,781

28,855

262,887

124.6

125.9

126.6

114.8

321.3

71.6

97.0

152.9

2010

133.3
(56.9, 209.7)

157.8
(63.9, 251.7)

169.2
(112.1, 226.4)

132.1
(59.8, 204.3)

226.6
(146.2, 306.9)

106.6
(0.0, 228.1)

156.5
(47.6, 265.5)

165.9
(135.0, 196.8)

2011

127.1
(54.5, 199.7)

130.1
(44.5, 215.6)

124.0
(75.2, 172.9)

128.1
(55.4, 200.8)

354.7
(251.3, 458.1)

99.2
(0.0, 212.3)

61.1
(0.8, 121.4)

162.2
(131.8, 192.6)

2012

138.1
(59.2, 217.1)

137.4
(47.1, 227.6)

120.6
(73.0, 168.1)

74.9
(19.1, 130.6)

382.9
(263.3, 502.5)

0.0
(0.0, 0.0)

131.3
(45.1, 217.5)

155.5
(125.1, 185.9)

2013

98.0
(35.6, 160.3)

76.3
(13.0, 139.6)

87.2
(49.2, 125.1)

122.9
(53.5, 192.3)

347.7
(270.0, 425.5)

*

67.7
(0.0, 169.6)

125.5
(99.9, 151.2)

Total

124.6
(87.4, 161.9)

125.9
(83.3, 168.6)

126.6
(101.5, 151.7)

114.8
(80.7, 148.9)

321.3
(268.8, 373.8)

71.6
(18.3,124.9)

97.0
(60.9, 133.2)

152.9
(137.9, 168.0)

Total MMR

‡

Latin America

Births, n

MMR, (95% CI)

*

Asia

‡

Complete data are not available for Argentina for year 2013
The 95% confidence interval for the MMR approximated using the variance of the proportion of maternal deaths for each site and year.
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Figure 1 Cumulative maternal mortality ratio by site and years* Individual site data for Argentina excluded due to incomplete data for year
2013. Data from Argentina are included in the overall total. * MNHR 2010-2013 deliveries excluding women lost to follow-up prior to delivery or
missing maternal status at 6 weeks after delivery.

only (RR 3.4 [1.6, 7.5]), secondary education only (RR 2.5
[1.1, 5.7]), lack of antenatal care (RR 1.8 [1.2, 2.5]), caesarean section delivery (RR 1.9 [1.3, 2.8]), hemorrhage
(RR 3.3 [2.2, 5.1]), and hypertensive disorders (RR 7.4

[5.2, 10.4]) were associated with a higher risk of death.
Using the variables that were found to be significant in
the model, we evaluated social factors and measures of
care that might influence MMR by year (Figure 2) and

Table 2. Maternal characteristics by maternal status at 6 weeks
n(%)*

Characteristic

RR of maternal death versus alive at six weeks
(95% CI) ‡

Women who
died
n=402

Women alive six weeks after
delivery
n=277,334

Total
n=277,736

< 20

36 (9.0)

32,987 (11.9)

33,023
(11.9)

0.8 (0.6, 1.1)

20-35

332 (83.4)

233,322 (84.3)

233,654
(84.3)

1.0

> 35

30 (7.5)

10,594 (3.8)

10,624 (3.8)

2.0 (1.3, 3.0)

No formal education

164 (41.1)

69,204 (25.1)

69,368
(25.1)

4.2 (2.2, 8.0)

Primary

132 (33.1)

103,663 (37.5)

103,795
(37.5)

2.3 (1.2, 4.6)

Secondary

92 (23.1)

83,276 (30.2)

83,368
(30.2)

2.0 (1.0, 4.0)

University +

11 (2.8)

19,953 (7.2)

19,964 (7.2)

1.0

0

131 (32.7)

93,337 (33.8)

93,468
(33.8)

1.3 (1.0, 1.6)

1-2

131 (32.7)

117,115 (42.4)

117,246
(42.3)

1.0

>2

139 (34.7)

66,071 (23.9)

66,210
(23.9)

1.8 (1.4, 2.2)

Last pregnancy did not result in a
live birth

34 (12.6)

11,132 (6.1)

11,166 (6.1)

2.1 (1.5, 3.1)

Maternal age

Maternal education

Parity

*

The denominator used to determine the percentage of women with each characteristic varies due to missing data.
Generalized linear models were used to evaluate the relationship of potential factors and maternal mortality and to develop point and interval estimates of
relative risk associated with these factors. Generalized estimating equations were used to account for the correlation of outcomes within cluster to develop
appropriate confidence intervals. Unless otherwise noted, the reference group is women who did not have the listed characteristic.

‡
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Table 3. Antenatal and delivery characteristics by maternal status at 6 weeks
n(%)*

Characteristic
Women who
died
n=402

RR of maternal death versus alive at six weeks
(95% CI) ‡

Women alive six weeks after
delivery
n=277,334

Total
n=277,736

No antenatal care

29 (7.4)

10,640 (3.8)

10,669 (3.9)

1.7 (1.2, 2.5)

Fewer than 4 antenatal care
visits

94 (59.1)

72,527 (48.4)

72,621
(48.4)

1.5 (1.1, 2.2)

Physician

148 (46.8)

106,671 (38.5)

106,819
(38.5)

1.0

Nurse/midwife/health worker

69 (21.8)

88,243 (31.8)

88,312
(31.8)

0.5 (0.4, 0.7)

Traditional birth attendant

66 (20.9)

63,817 (23.0)

63,883
(23.0)

0.6 (0.4, 0.8)

Family/other

33 (10.4)

18,558 (6.7)

18,591 (6.7)

1.1 (0.8, 1.7)

Hospital

169 (53.3)

126,426 (45.6)

126,595
(45.6)

1.0

Clinic

52 (16.4)

68,629 (24.8)

68,681
(24.7)

0.5 (0.4, 0.7)

Home/other

96 (30.3)

82,197 (29.6)

82,293
(29.6)

0.7 (0.6, 1.0)

222 (71.4)

230,853 (86.1)

231,075
(86.1)

1.0

Birth attendant

Delivery location

Delivery mode
Vaginal
Vaginal assisted

15 (4.8)

4,145 (1.5)

4,160 (1.6)

3.4 (1.8, 6.6)

Caesarean section

74 (23.8)

32,973 (12.3)

33,047
(12.3)

2.4 (1.8, 3.2)

Obstructed labor

79 (20.4)

29,735 (10.7)

29,814
(10.8)

2.0 (1.6, 2.6)

Fetal Malposition

27 (7.1)

5,879 (2.1)

5,906 (2.1)

3.4 (2.3, 5.0)

Antepartum hemorrhage

46 (11.9)

6,089 (2.2)

6,135 (2.2)

5.7 (3.7, 8.8)

Hypertensive disorders

78 (20.5)

8,039 (2.9)

8,117 (2.9)

8.4 (6.3, 11.2)

173 (52.9)

103,941 (37.7)

104,114
(37.8)

2.1 (1.7, 2.7)

Maternal treatment provided
Antibiotics
Corticosteroids

12 (9.4)

6,060 (5.3)

6,072 (5.3)

1.8 (0.9, 3.5)

Oxytocics (including
misoprostol)

140 (43.3)

108,524 (39.5)

108,664
(39.5)

1.2 (1.0, 1.6)

Blood transfusion

92 (28.3)

3,889 (1.4)

3,981 (1.4)

26.6 (19.7, 36.0)

Removal of retained products

42 (12.9)

15,799 (5.7)

15,841 (5.7)

2.7 (1.7, 4.3)

Anticonvulsants

31 (9.7)

3,288 (1.2)

3,319 (1.2)

8.9 (5.6, 14.0)

188 (57.5)

93,590 (33.9)

93,778
(34.0)

2.9 (2.2, 3.7)

Forceps/vacuum

13 (4.0)

1,913 (0.7)

1,926 (0.7)

5.6 (3.1, 10.0)

Other surgery/treatment

24 (7.4)

10,891 (4.0)

10,915 (4.0)

2.1 (1.3, 3.3)

IV Fluids

*

The denominator used to determine the percentage of women with each characteristic varies due to missing data.
‡
Generalized linear models were used to evaluate the relationship of potential factors and maternal mortality and to develop point and interval estimates of
relative risk associated with these factors. Generalized estimating equations were used to account for the correlation of outcomes within cluster to develop
appropriate confidence intervals. Unless otherwise noted, the reference group is women who did not have the listed characteristic.
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Table 4. Postpartum maternal characteristics by maternal status at 6 weeks
n(%)*

Characteristic
Women who
died
n=402

RR of maternal death versus alive at six weeks (95%
CI) ‡

Women alive six weeks after
delivery
n=277,334

Total
n=277,736

Seizures/convulsions

32 (23.9)

227 (0.1)

259 (0.1)

325.3 (212.4, 498.0)

Hemorrhage

27 (20.5)

1,491 (0.5)

1,518 (0.6)

45.3 (25.6, 80.1)

Anemia

48 (36.1)

5,304 (1.9)

5,352 (1.9)

28.5 (17.4, 46.8)

Hospitalized

53 (35.6)

750 (0.3)

803 (0.3)

185.7 (125.5, 274.8)

Received medical
treatment

88 (59.1)

9,803 (3.6)

9,891 (3.6)

38.1 (24.6, 59.0)

*

The denominator used to determine the percentage of women with each characteristic varies due to missing data.
Generalized linear models were used to evaluate the relationship of potential factors and maternal mortality and to develop point and interval estimates of
relative risk associated with these factors. Generalized estimating equations were used to account for the correlation of outcomes within cluster to develop
appropriate confidence intervals. Unless otherwise noted, the reference group is women who did not have the listed characteristic.

‡

pregnancy complications that might influence MMR by
year (Figure 3).

Discussion
Sites in our population-based multi-national registry had
a combined MMR of 153, a number which is higher
than the WHO global target for 2030 of less than 70
maternal deaths per 100,000 live births and higher than

the supplementary goal that no country should have an
MMR greater than 140 [14]. This observation highlights
the continued challenge of maternal mortality and the
need to improve the health and medical care of pregnant women in some areas. We recorded considerable
variation in the MMR by site with a range of 72 in
Argentina to 321 in Pakistan. Although, we did not
observe a consistent yearly decline in MMR in each site

Table 5. Multivariable model with outcome of maternal death by 6 weeks after delivery*
Model Covariates

Adjusted Relative Risk

Maternal age
Maternal age: <20 vs. 20-35

1.1 (0.7, 1.6)

Maternal age: >35 vs. 20-35

1.2 (0.6, 2.4)

Maternal education
Maternal education: no formal vs university

3.2 (1.5, 6.9)

Maternal education: primary vs university

3.4 (1.6, 7.5)

Maternal education: secondary vs university

2.5 (1.1, 5.7)

Parity
Parity:0 vs. 1-2

1.3 (1.0, 1.7)

Parity:>2 vs. 1-2

1.4 (1.0, 2.0)

No antenatal care vs. at least 1 antenatal care visit

1.8 (1.2, 2.5)

Birth attendant
Birth attendant: nurse/midwife/health worker vs physician

0.4 (0.3, 0.6)

Birth attendant: traditional birth attendant vs physician

0.6 (0.3, 1.0)

Birth attendant: family/other vs physician

0.4 (0.2, 0.7)

Delivery mode

*

Delivery mode: vaginal-assisted vs vaginal

1.8 (0.9, 3.7)

Delivery mode: caesarean-section vs vaginal

1.9 (1.3, 2.8)

Obstructed labor: yes vs no

1.1 (0.8, 1.5)

Fetal Malposition: yes vs no

1.3 (0.8, 2.0)

Hemorrhage: yes vs. no

3.3 (2.2, 5.1)

Hypertensive disorders including seizures / convulsions: yes vs. no

7.4 (5.2, 10.4)

MNHR 2010-2013 deliveries excluding women lost to follow-up prior to delivery or missing maternal status at 6 weeks after delivery. Multivariable model
adjusted for clinical site.
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Figure 2 Social factors and measures of care, by year* MNHR 2010-2013 deliveries excluding women lost to follow-up prior to delivery or
missing maternal status at 6 weeks after delivery.

every year, our overall MMR for all sites did improve,
except for Pakistan. Pakistan was an outlier with the
highest MMR compared to all other sites each year with
no improvement over 4 years. The potential reasons for
the high MMR in the Pakistan site are addressed elsewhere [15].
We performed exploratory analyses to investigate the
association with positive and negative factors that might
have contributed to the overall decline in MMR. We
observed an increase in the percentage of deliveries that

were attended by a physician and delivery by caesarean
section, but it is not clear that the change in either of
these factors alone explains the decline in MMR. We did
not observe a decrease in complications of pregnancy
(fetal malposition, obstructed labor, hemorrhage or
hypertensive disorders) that might have explained the
lower MMR. In fact, some of these underlying risk factors
increased over time. Taken together, these observations
might indicate that improvements in measures of care,
without a decline in underlying disease prevalence

Figure 3 Pregnancy complications, by year* MNHR 2010-2013 deliveries excluding women lost to follow-up prior to delivery or missing
maternal status at 6 weeks after delivery.
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improve maternal mortality rates. Another possibility is
our study sites include participants potentially enrolled in
various research studies to improve maternal and newborn health. Although we did not observe a consistent
improvement in maternal mortality in each site every
year, it is possible that participation in our research studies has decreased overall maternal mortality.
We identified important modifiable factors associated
with maternal death. Consistent with previously published works, we identified hemorrhage and hypertensive
disorders as treatable factors that are the most highly
associated with maternal death [16-18]. We also identified an increased risk of death among women whose
deliveries were attended by a physician and those who
had a caesarean section. These associations may result
from confounding by the indication for the operative
delivery, however the indications for these deliveries were
not collected in this dataset. We presume that women
are delivered by caesarean section in response to a condition that places them in a higher risk category for mortality; therefore these women have a higher baseline risk of
mortality. This presumption is supported by previous
publications that report that the largest proportion of
maternal deaths take place in health care facilities where
underlying conditions that often result in mortality are
more likely to be treated [15].
The MNHR has many strengths for analyses of factors
for maternal death. We have a large data set of pregnancies and delivery outcomes in low and middle-income
countries that has been prospectively collected and validated. Most multi-country data from low and middleincome countries are not of such high-quality and many
rely on model-based estimates for maternal mortality. We
include all pregnant women who reside within study community, therefore providing population-level data for each
region represented. We enroll women who deliver in facilities and outside of facilities and do not rely on the health
systems in order to identify eligible women, therefore
representing a cross-sectional cohort of residents within
these regions. We have an extremely high follow-up rate,
which permits complete data to 6 weeks post-partum.
Despite our robust, prospective data set, our study
design limits generalizability to other low- and middleincome countries. Although we were able to capture
nearly all of the pregnancies within the study communities, our communities might not reflect delivery outcomes in diverse regions within each country. Our study
sites generally cover one district or province that might
have different birth outcomes compared to other regions
within the country, limiting our ability to draw inferences
about mortality within each country as a whole. Although
our goal is to identify women early in pregnancy, sites
varied in their ability to identify pregnancies early, therefore it is possible that we have under-reported maternal
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deaths occurring early in pregnancy or those related to
medical termination of pregnancy or miscarriage, as
these pregnancies represented only 3.4% of our sample.
Although robust, our dataset does not record all factors
that might be associated with maternal mortality, such
as: maternal nutritional status, timing of referral, or
access to medical care. Our data collection techniques
limited our ability to assign an accurate cause of death.
For example, we collected data on the presence of sepsis
around the time of delivery, but there was significant
variability in reporting by site, therefore we have
excluded this variable from our report. Our team has
developed a cause of death algorithm to address this problem and will be testing this tool in the future [19].
The MNHR can be used to identify preventable causes
of maternal mortality in diverse settings. The MNHR
has utility in informing public health strategies that can
be monitored over time to determine their impact on
reducing maternal mortality. Systematic data collection
strategies that include all births in a region are essential
to understanding the underlying causes of maternal
mortality and should guide the development of comprehensive intervention strategies to reduce maternal
mortality.
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Abstract
Background: Pregnancy-related vital registration is important to inform policy to reduce maternal, fetal and
newborn mortality, yet few systems for capturing accurate data are available in low-middle income countries
where the majority of the mortality occurs. Furthermore, methods to effectively implement high-quality registration
systems have not been described. The goal of creating the registry described in this paper was to inform public
health policy makers about pregnancy outcomes in our district so that appropriate interventions to improve these
outcomes could be undertaken and to position the district to be a leader in pregnancy-related public health
research.
Methods: We created a prospective maternal and newborn health registry in Belgaum, Karnataka State, India. To
initiate this registry, we worked with the Ministry of Health to first establish estimated birth rates and define the
catchment areas of the clusters, working within the existing health system and primary health centers. We also
undertook household surveys to identify women likely to become pregnant. We then implemented monitoring
measures to ensure high quality and completeness of the maternal newborn health registry. All pregnant women
in the catchment area were identified, consented and enrolled during pregnancy, with follow-up visits to ascertain
pregnancy outcomes and mother/infant status at 42-days postpartum.
Results: From 2008 through 2014, we demonstrated continued improvements in both the coverage for enrollment
and accuracy of reporting pregnancy outcomes within the defined catchment area in Belgaum, India. Nearly 100%
of women enrolled had follow-up at birth and 99% had 42-day follow-up. Furthermore, we facilitated earlier
enrollment of women during pregnancy while achieving more timely follow-up and decreased time of reporting
from the date of the pregnancy event.
Conclusions: We created a pregnancy-related registry which includes demographic data, risk factors, and
outcomes allowing for high rates of ascertainment and follow-up while working within the existing health system.
Understanding the elements of the system used to create the registry is important to improve the quality of the
results. Tracking of pregnancies and their outcomes is an important step toward reducing maternal and perinatal
mortality.

Introduction
Globally, it is estimated that about 289,000 maternal
deaths, 2.6 million stillbirths, and 2.9 million neonatal
deaths currently take place each year [1-3]. The majority
of these deaths occur in areas where vital registration
* Correspondence: drkodkany@jnmc.edu
1
KLE University’s Jawaharlal Nehru Medical College, Belgaum, India
Full list of author information is available at the end of the article

systems do not exist or are poorly functioning. This lack
of appropriate data may result in a large underestimation
of the number of maternal, fetal and neonatal deaths that
are reported. While many publications exist on the use of
registries to capture vital events, sparse information is
available on the development of reliable registration systems to register pregnancies, capture birth outcomes
(including maternal and perinatal deaths), as well as to

© 2015 Kodkany et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative
Commons Attribution License (http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
reproduction in any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.
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determine the cause of death. Such information is key to
informing programs likely to have the greatest public
health impact. Availability of reliable data may have
implications for focused education and economic planning that extend beyond the health sector. In this paper
we describe a registry created in Belgaum, Karnataka,
India. The goal of creating the registry was to inform
public health policy makers about pregnancy outcomes
in our district so that appropriate interventions to
improve these outcomes could be undertaken and to
position the district to be a leader in pregnancy-related
public health research.
Vital registration, with a long and rich history in the
United States and Western Europe, has been critical to the
documentation of incidence and causes of maternal, fetal
and neonatal death in these regions. Additionally, vital
registration systems have proven value in the identification
of factors to which temporal changes in pregnancy-related
deaths may be associated [4]. Such registration systems
may also prove critical in accurately reflecting the rate of
progress towards country health and health system goals,
such as the United Nations Millennium Development
Goals [5-8].
Where functional vital statistics registries do not exist,
countries may estimate births and deaths through suboptimal mechanisms such as surveys. These surveys are
done on a periodical basis and thus make tracking of
trends difficult. Furthermore, they are often comprised of
small numbers and thus have estimates of uncertainty
with wide confidence intervals, particularly for maternal,
fetal and neonatal mortality [9]. If near complete registration is not attained, under-reporting of important events
is likely to occur. India is one of the most populous countries with among the highest numbers of maternal and
newborn deaths. Misinformation on births and deaths in
India will likely have a significant impact on global
estimates.

History of vital registration in India
In India, vital statistics data are available from four major
sources: (1) Indirect Estimates from the Decennial Census
first initiated in 1881 (2) The Civil Registration System
(CRS) which was initiated in 1958; (3) The Sample Registration System (SRS) which began in 1970 and, finally, (4)
The National Family Health Survey (NFHS) which was
initiated in 1992 [10-14]. The first three are operated by
the Registrar General under the Ministry of Home Affairs
in India. The NFHS functions under the Ministry of
Health and Family Welfare of the Government of India.
(MOH) The Registration of Birth and Deaths Act became
operational in 1967, twenty years after India’s independence, and was extended to the entire nation in 1969
resulting in the SRS. The SRS registers the events of birth
and deaths in some but not all areas of India. In this
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system, vital events have been registered using a dual
recording system. Initially, the resident enumerators
record all births and deaths within their assigned geographic area. Thereafter, a full time supervisor collects
information during a house-to-house confirmatory survey.
The events collected by both methods are matched, and
those unmatched are then re-verified to eliminate errors
of missing or duplicate events. Statistics from these programs may continue to be appropriate for framing the
national health policy and guidelines. However, they may
not be sufficiently robust to generate policies that have the
desired impact on improving public health programs,
especially in rural areas wherein 72% of the Indian population resides [15].
In 1951, India added family planning into its national
health care policy to address individual needs and also to
contain its population growth. Consequently, the primary
health center (PHC) was established as the service nodal
point for identifying couples that required birth control
services and was incorporated into the “Eligible Couple
Survey Register” (ECSR). These registers are still maintained at the PHCs and sub-centers.
In Karnataka, India, the registration of births and deaths
became operational throughout the state beginning in
2000. Healthcare providers serving the district health system and other officials at the village and sub-district levels
collect vital events information. While, the accuracy and
completeness of these government statistics are perceived
to be relatively good, they are not as complete as many
formal functioning pregnancy and vital statistics registries
in more developed countries. Of note, abortions and stillbirths, especially, are likely to be under-reported and/or
misclassified.
In 2000, the U.S. Eunice Kennedy Shriver National Institutes of Child Health and Human Development (NICHD)
funded the Global Network for Women’s and Children’s
Health Research, incorporating a site based in Belgaum in
Karnataka State, India. Among the research initiatives
funded was the First Breath trial which was implemented
in Belgaum in collaboration with the District Health System [16]. For the trial, all birth attendants were trained to
implement the World Health Organization’s (WHOs)
Essential Newborn Care program, and were randomized
to receive resuscitation training. In the trial catchment
areas, pregnant women were enrolled at delivery and followed up at days 7 and 28 postpartum. The data collection
system for this study formed the basis for the pregnancy
registry described below, although we emphasize that
nearly all the components needed to develop the registry
system were in place prior to the NICHD study.

Study objective
The Maternal Newborn Health Registry (MNHR) is a
prospective, population-based observational study that
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was initiated to better understand and quantify trends in
outcomes of pregnancy and childbirth in rural PHCs
clusters so as to provide data on abortions, stillbirths,
newborn and maternal mortality [17,18]. This article
details the methodology adopted to establish the PHCbased MNHR for recording all pregnancies and their
outcomes occurring within, and outside, the designated
geographical areas starting in May, 2008 and continuing
to the present. We also present results on the indicators
of quality of the data over this time period.

Methods
Registration of pregnancy

The MNHR receives inputs from the register of Married
Women of Reproductive Age (MWRA, formerly known
as the ECSR) at the PHCs and sub-centers. The MWRA
register contains information regarding couples eligible to
receive contraception services, those who are infertile and
those yet to reach menopause. It also identifies those couples wishing to, and who are likely to conceive, within the
following year. The MWRA is updated every year by a
house-to-house survey (occurring over a 3-months period) conducted by auxiliary nurse midwives (ANMs),
Anganwadi workers (AWWs) and accredited social health
activists (ASHAs). In addition to informing public health
needs, the MWRA provides early identification for pregnancies and informs enrollment in the MNHR. Building
on the MWRA, the data collection for the MNHR began
in May 2008 in 20 geographic areas, each incorporating a
PHC with ≥300 annual deliveries and covering a total
population of about 660,000, which is also encompassed
in the MWRA catchment area. Although one of the primary sources used to identify pregnant women is the
MWRA, registry staff and other health workers attempt
to identify all pregnant women, married or not, in the
catchment area and these women are included in the
registry.
Inclusion criteria for the Global Network MNHR

In central and southern India, where Karnataka is
located, it is common, particularly among nulliparous
women, to stay with relatives and deliver where those
relatives reside. Similarly, pregnant women may enter
the catchment area to deliver at the home of relatives.
Recording movement of pregnant women for delivery
was one of the major problems we had to overcome to
approach 100% ascertainment. Thus, pregnant women
were eligible for inclusion in the MNHR if they were
residents of the study clusters during pregnancy, regardless of delivery location. Women were also eligible if
they lived outside the geographic area but delivered
within the MNHR catchment area. All identified women
who met criteria were included in the registry after they
had provided written informed consent.
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Enrollment and follow-up

All women identified as likely to conceive were followed
up by monthly visits through the MWRA. After a
missed menstrual period and a pregnancy confirmed by
a pregnancy test, an eligible woman is then invited to be
enrolled in the MNHR by ASHA workers. Once the
woman has been enrolled, the MNHR registry administrators (RAs), who are medical officers of the PHCs,
obtain consent and complete data entry forms for the
MNHR. This methodology of screening for pregnancy
has also enabled us to document spontaneous abortions
and medical terminations of pregnancy (MTPs) at the
community level. These data had not been previously
collected.
Data forms

Three forms are used to collect study data, are available
elsewhere [18]. (1) The first, filled out as soon as possible
after conception and enrollment, collects the maternal
demographic data and the date of last menstrual period;
(2) A perinatal form, completed at the time of pregnancy
loss or delivery, and information relative to the status of
antenatal care, maternal health issues, the mode, time
and place of delivery, characteristics of the fetus/neonate,
and any adverse events at or soon after the delivery;
(3) At the 6 week follow-up visit, a third form contains
information about the status of the newborn and the
mother through 42 days post-delivery, and includes
information on any major adverse events occurring
between birth and the follow up visit. Protocol deviations,
withdrawals from the study, loss to follow-up and time
lag between event, data collection, entry and transmission
to the Data Management Center are also assessed and
recorded. The overall administrative structure of the
MNHR is shown in Figure 1.
Data collection procedures and staffing

After the forms obtained at the three specific times discussed above are compiled by the RA, the completed
forms are then verified and collected by the data entry
operators on fixed days of the week. Data are entered
into an electronic database at regional data centers
located at the sub-district level and transmitted to a
central data management center. The quality of data
received is regularly monitored by a research coordinator, who oversees the study, and field research officers,
who are generally medical officers with oversight of field
activities, together with RAs and data entry operators at
the regional data centers. Cleaning and editing data and
transmission to the Global Network Data Coordinating
Center (DCC), located at a central location in the U.S.
are ongoing activities. Combined data are processed and
analyzed at the DCC for data consistencies and completeness. The DCC sends monthly monitoring reports
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Figure 1 Administrative organization of the Maternal Newborn Health Registry

which are discussed by the study team (i.e., the data manager, RA’s and field supervisors) and serve as process and
outcome indicators. Inconsistencies and unexpected findings or trends, when they occur, are verified and corrective steps initiated during monthly meetings conducted
at the study site headquarters in Belgaum.
Quality Assurance and Completion of Data Collection
Instruments

Data quality was monitored in a number of ways. The
monitoring metrics included: 1) the number of days
taken to complete the forms and record of all relevant
events, 2) the proportion of women consented for inclusion in the study from the total of pregnancy women
screened who were eligible, 3) the rates of MTP, miscarriages, stillbirths and live births, as well as 4) the proportion of follow-up through 42 days postpartum. The

monthly monitoring reports contain these elements
which allow the team to further check and validate the
results.
An important feature of the quality measurement is
having an estimate of the number of births that should
occur in each cluster. We use an estimate of the crude
birth rate (CBR) within the study clusters as an indicator
of completeness of registration of pregnancy outcomes
and as a check to ensure complete capture of all births.
The CBR was computed from the live births and the
estimated population of the cluster. Significant differences of the number of births registered from those
expected are investigated.
The time taken in completion after the event of interest and its entry into the data management system has
also been considered as a quality indicator, along with
documentation of the extent of birth weights recorded
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and the presence of a healthcare provider at the time of
delivery.

Results
Between 2008 and 2014, the MNHR catchment area
comprised a total population of approximately 660,000
(Table 1). Of these, approximately 120,000, or 183 per
1000 population, were women of reproductive age. During that time, each year there were between 11,800 and
15,100 residents enrolled in the MNHR as well as
between 4,400 and 7,900 enrolled women who lived outside the study area. Thus, about 31% of all women
enrolled lived outside the study area but nevertheless
delivered within the area.
Early registration of pregnancy (less than 12 weeks
gestation) among all those enrolled in the MNHR
increased from 5.9% in 2008-09 to 34.0% in 2013-14
(Table 2). In addition, registration at 12-20 weeks
among all women also increased from 19.9% to 28.5% in
2013-14. Conversely, enrolment >20 weeks decreased
from 74.2% to 37.5%.
Timely reporting is one of the hallmarks of a quality
data collection system. Ongoing process evaluation and
quality improvement measures are reflective of documented changes over time. In 2008-09, 48.8% of the
birth forms were completed within one week of delivery.
This rate improved to 83.3% in 2014 (Figure 2). Timeliness of the completing the 42-day visit is addressed in
Figure 3. Visits which were conducted within one week
of 42-days increased from 52.0% in 2008-09 to 89.7% in
2013-14.
The benchmark for entering data within a 2 week
window after the birth visit was not considered satisfactory during 2008-09 as only 34.4% of the delivery data
forms were keyed in that time period (Figure 4). However, in subsequent years, data entry within 2 weeks
improved to 99.4%. The same pattern was observed for
the data entry for the 42-day visit, with entry increasing
from 42.9% to 99.7%.
Birth weight recording also improved significantly
from a rate of missing birth weights of 10.1% in 2008-09
to only 0.8% in 2013-14. Missing birth weights collected
on neonatal deaths totalled 11.1% in 2008-09 which
were reduced to 2.0% in 2013-14. Similarly, missing

birth weight for stillbirths, reported at 48.2% in 2008-09,
was reduced to 32.1% in 2013-14 (Table 3).
Finally, over the 5 years of the MNHR, Table 4 shows
that virtually all those women who were screened, then
consented to be included in the MNHR, and of those
pregnant women consented, virtually all had pregnancy
outcomes and 42 day follow-up data collected.
In summary, from the very inception, the MNHR has
been embedded within the health care structure of the
MOH and has sought to utilize and strengthen the available systems and tools. The household survey, listing of
married women of reproductive age, early pregnancy
registration and tracking the outcomes of pregnancies
are mandated activities of the MOH as per the national
Reproductive and Child Health program. We have
attempted to simplify these activities and have provided
performance based incentives to the health workers,
measures that have been subsequently adopted by the
MOH as well. Periodic training and regular supportive
supervision have enabled effective implementation of the
registry. A strong collaboration has been forged between
the academic faculty and the MOH officials at every level
for mutual benefit.

Discussion
The methodology adopted for the MNHR allowed tracking of 99.95% of the pregnancies identified in our study
area along with collection of pregnancy outcomes. Earlier
registration permitted capturing more robust data on
spontaneous abortions, MTP, stillbirths and maternal
and neonatal deaths. The MNHR also captured the pregnancy outcomes for mothers who, often for cultural reasons, relocated to deliver elsewhere. We were also able to
capture data on women who came from afar to the catchment area for their delivery. This registry may differ from
other registries which are limited to capturing events
occurring only in a specific geographical area, and therefore may not be representative of the population living in
that area.
Modifying the existing MWRA to include current pregnancies and those women likely to conceive in the following year was an important innovation that facilitated
the capture of 99.9% of consented pregnancies and their
outcomes through 6 weeks postpartum. This relatively

Table 1. Study area population, residents and non-residents in the Maternal Newborn Health Registry and crude birth
rates for residents, by year, 2008 - 2013
Year (May-April) Population of study area Residents in MNHR (N) Crude birth rate (%) Non-residents In MNHR, (N) Non-residents In MNHR (%)
2008 –09

655,676

15,105

23.0

4,438

22.7

2009 –10

648,436

14,364

22.2

5,920

29.2

2010 - 11

649,899

14,730

22.7

7,330

33.2

2011 - 12

655,189

14,504

22.1

7,587

34.3

2012 - 13

662,317

14,470

21.9

7,931

35.4
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Table 2. Gestational age at registration of all pregnancies in the study area Maternal Newborn Health Registry by
year, 2008-2014
Total
N

May 2008 -April
2009

May 2009 -April
2010

May 2010 -April
2011

May 2011 -April
2012

May 2012 -April
2013

May 2013 -April
2014

123,188

19,311

20,212

22,020

22,061

22,392

17,192

< 12 weeks, N
(%)

24,702
(20.1)

1,144 (5.9)

3,482 (17.2)

4,382 (19.9)

4,642(21.0)

5,211 (23.3)

5,841 (34.0)

12 - 20 weeks, N
(%)

36,647
(29.7)

3,845 (19.9)

6,938 (34.3)

7,392 (33.6)

6,709 (30.4)

6,866 (30.7)

4,897 (28.5)

> 20 weeks, N
(%)

61,839
(50.2)

14,322 (74.2)

9,792 (48.4)

10,246 (46.5)

10,710 (48.5)

10,315 (46.1)

6,454 (37.5)

high predictive value has been an enabler to allow for
pre-conception and early first trimester inclusion in clinical trials.
In order to ensure quality of the data collected, process
measures were put into practice and analyzed. These
included: (1) cluster-wide consistency checks; (2) monitoring time lag in completing the data collection from occurrence of the event to its subsequent electronic data entry,
as well as; (3) identifying missing birth weights, reflected
in accurate recording of birth weight in more than 94% of
all births and more than 99% of neonatal deaths. To assure
the completeness of the data, a comparison of expected
number of pregnancies with actual number of pregnancies
was monitored.
A question that might arise in the reader’s mind is
whether a system such as that described in this paper is
replicable in the rest of India. In India, the types of government workers mobilized for registry data collection in
Belgaum are also available in each district throughout the
country. Similarly, the systems upon which the MNHR
was built are generally present. Therefore, we believe that
if there is political will to carefully collect quality data,
and a motivating entity such as the university staff and
the MOH personnel in the Belgaum area, a similar registry could be created elsewhere. As a start, the MOH has
implemented an electronic Mother Child Tracking System, modelled on the MNHR, nationally to monitor the
outcomes of pregnancies.

There are a number of lessons learned from the creation of the MNHR in this area of India. Most important,
is that from the beginning, this registry was a joint effort
by the research group at the university hospital and the
public health infrastructure of the MOH. Research-quality data was perceived as crucially important to both
groups. Second, because both groups wanted information
on both the births in the resident population as well as
the births occurring in the geographic area regardless of
residency of the mother, strong efforts were made to capture both types of births. This information is especially
useful to health planners and providers in and out of the
study area. Third, it became obvious that triangulating
outcomes in the various ongoing government registries
as a check on data in the MNHR was crucial in getting as
close to complete registration as possible. Fourth, the use
of the CBR as a way to estimate the expected number of
births in each cluster was a very useful check to help
insure completeness of registration. Fifth, the use of the
existing MWRA registry is an important feature of the
system. By knowing who is likely to conceive in the near
future combined with frequent surveillance, the MNHR
administrators can determine pregnancy outcomes,
including miscarriages and MTPs, which historically have
been poorly collected in many geographic areas.
There have been difficulties in managing the MNHR as
well. Finding and retaining trained staff at every level and

Figure 2 Percent of women in the Maternal Newborn Health
Registry with a postpartum visit within one week of delivery by
year, 2008-2014

Figure 3 Percent of women in the Maternal Newborn Health
Registry with a 42-day follow-up visit within 2 weeks of expected
date by year, 2008-2014
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Figure 4 Percent of women in the Maternal Newborn Health
Registry with complete data entry within one week of study visit for
delivery and 42-day follow-up, by year, 2008-2014

sustaining their motivation year after year has been a
continuing challenge. Shortages of physicians and other
trained personnel has been a problem. In part because of
an increased burden posed on them by a multitude of
national programs, the PHC staff have had less time to
perform their registry duties and thus over the years,
independent staff have been increasingly recruited to
function as RAs. With staff turnover, training and
retraining of staff has been an important feature of the
MNHR and has helped to ensure data quality and timeliness. Most important in the creation and maintenance of
the MNHR was the practice of holding frequent meetings
with stake-holders including the rural community, the
district health officials and the MOH of Karnataka State
to address concerns as they arose.
Use of the MWRA registry also is a crucial tool for
identifying women for enrollment into pre-pregnancy
studies as well as studies requiring first trimester enrollment. Since the norm in many low resource settings is
for women to enroll in prenatal care at 20 weeks or
later, use of the MWRA registry enables studies to be
undertaken that otherwise would be difficult or impossible in these settings. Finally, this paper describes some
of the measures used to monitor the quality of the data
collected over the time the MNHR has been in existence. These include measures such as the percent of
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pregnancies registered in the first trimester, the timeliness of reporting within specified limits, and the amount
of missing data such as measured birth weights for live
births and stillbirths. Improvement in many of these
metrics was documented. The ongoing comprehensive
monitoring of a number of quality metrics allows the
NMHR administrators to have good faith that the data
received from this site is of exceptional quality.
In summary, this report details many of the steps that
need to be taken in any low-resource area without a
good vital statistics system to establish a credible pregnancy outcome registry. We believe these steps are
applicable anywhere there is a desire to really understand which residents in a geographic area are getting
pregnant as well as who is delivering in the area, and
the outcome of their pregnancies. An ongoing monitoring system better allows the registry administrators and
interested reviewers to understand the quality of the
data. Knowledge regarding the reproductive health status in the registry should identify key areas for implementation of evidence-based interventions that will
assist in meeting India’s Newborn Action Plan and help
achieve single digit neonatal mortality and stillbirth
rates by 2030 [5]. While cause and effect is difficult to
prove, improvement in a number of pregnancy outcomes have occurred in Belgaum since the MNHR was
established and these are documented in other papers in
this supplement [19-21].

Statement of authorship
BSK conceived the paper and wrote the first draft;
EMM, RLG, RJD and SSG participated in writing and
RLG, SSG, EMM and NLS edited the draft. NVH, NKT,
SSG, and SCM monitor study data collection and analyses. JLM conducted study analyses with EMM. All
authors reviewed and approved the final manuscript.
Peer review
Reviewer reports for this article can be found in Additional file 1.

Table 3. Rates of missing birth weight in the Maternal Newborn Health Registry for total births, neonatal deaths and
stillbirths by year, 2008-2014
2008 -09
Deliveries N
Measured Birth Weight
Missing N (%)
Neonatal Deaths N
Measured Birth Weight
Missing N (%)
Stillbirths N
Measured Birth Weight
Missing N (%)

2009 -10

2010 -11

2011 -12

2012 -13

2013 -14

19,013

19,395

20,901

21,112

21,185

16,151

1,911(10.1)

585(3.0)

295(1.4)

176(0.8)

165(0.8)

132 (0.8)

459

524

559

473

524

393

51(11.1)

40(7.6)

18(3.2)

7(1.5)

11(2.1)

8 (2.0)

641

589

564

491

536

336

309(48.2)

219(37.2)

148(26.2)

115(23.4)

119(22.2)

108 (32.1)
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Table 4. Follow-up rates among pregnancies screened in
the Maternal Newborn Health Registry in Belgaum, India,
2008 - 2014
Events

Number

%

Screened, N

123,711

-

Consented, N (% of screened)

123,659

99.96

Pregnancy outcome obtained (% of consented)

123,581

99.94

Follow-up until 42 days of delivery (% of consented)

123,354

99.81
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Abstract
Background: To describe quantitative data quality monitoring and performance metrics adopted by the Global
Network’s (GN) Maternal Newborn Health Registry (MNHR), a maternal and perinatal population-based registry
(MPPBR) based in low and middle income countries (LMICs).
Methods: Ongoing prospective, population-based data on all pregnancy outcomes within defined geographical
locations participating in the GN have been collected since 2008. Data quality metrics were defined and are
implemented at the cluster, site and the central level to ensure data quality. Quantitative performance metrics are
described for data collected between 2010 and 2013.
Results: Delivery outcome rates over 95% illustrate that all sites are successful in following patients from
pregnancy through delivery. Examples of specific performance metric reports illustrate how both the metrics and
reporting process are used to identify cluster-level and site-level quality issues and illustrate how those metrics
track over time. Other summary reports (e.g. the increasing proportion of measured birth weight compared to
estimated and missing birth weight) illustrate how a site has improved quality over time.
Conclusion: High quality MPPBRs such as the MNHR provide key information on pregnancy outcomes to local and
international health officials where civil registration systems are lacking. The MNHR has measures in place to
monitor data collection procedures and improve the quality of data collected. Sites have increasingly achieved
acceptable values of performance metrics over time, indicating improvements in data quality, but the quality
control program must continue to evolve to optimize the use of the MNHR to assess the impact of community
interventions in research protocols in pregnancy and perinatal health.
Trial registration number: NCT01073475
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Introduction
Globally, neonatal mortality, defined as deaths in the first
28 days of life, has dropped significantly in the last two
decades, from 33 deaths per 1,000 live births in 1990 to
20 deaths per 1,000 live births in 2013 [1]. However,
rates in sub-Saharan Africa and South Asia were still
high in 2013, at 31 and 30 deaths per 1,000 live births
respectively. Maternal mortality ratios have also declined
from 380 deaths in 1990 to 210 deaths per 100,000 live
births in 2013 [2]. In 2013 there were an estimated
289,000 maternal deaths, with sub-Saharan Africa
accounting for 62% (179,000) and South Asia accounting
for 24% (69,000) of those deaths [2].
The World Health Organization (WHO) estimates that
less than 40% of all countries have an adequate civil registration system for collecting information on births and
deaths and that less than half of births are registered in
some developing countries, where vital registration systems are inaccurate and incomplete [2-4]. Regions with
high rates of unregistered births likely have disproportionately high neonatal mortality rates and stillbirths are not
recorded in many existing systems [3]. This disparity
results in unreported perinatal and neonatal mortality and
potentially decreases the ability to develop effective interventions to improve newborn and child survival.
Maternal and perinatal population-based registries
(MPPBRs), systems to register all births, play a crucial
role in understanding demographic trends in pregnancy
and birth outcomes at local or regional levels [5,6].
MPPBRs are also valuable for epidemiologic research on
risk factors and causes of maternal and perinatal deaths
and diseases. They serve to evaluate the effects of population level interventions aimed at reducing the burden of
death and disease. The ability of MPPBRs to accurately
carry out these activities is highly dependent upon the
accuracy and consistency of the data collected as well as
the ability to make results available on a timely basis to
those who can use them.
Results of several high quality perinatal registries in middle and high income countries, such as Norway and Russia, have been previously reported in the literature [7-9].
However there are few high quality MPPBRs in developing
countries often due to weak healthcare systems and limited resources to ensure all pregnancies and births are
accurately captured [6]. Even where population registries
exist in developing countries, unless efforts are made to
continuously monitor data quality, the quality of data collected may be inaccurate and unreliable [6]. Metrics that
are commonly used to evaluate the quality of populationbased registries include the relevance, completeness, timeliness, accuracy/validity and comparability of data obtained
[10-13]. However, to date, few papers have described the
monitoring efforts required to ensure that MPPBRs generate high quality data.
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The Global Network for Women’s and Children’s
Health Research (GN)’s Maternal Newborn Health Registry (MNHR) is one such MPPBR that provides a valuable
resource to global and local knowledge of pregnancy outcomes in low and middle-income countries. The primary
purpose of the MNHR is to quantify and analyze trends in
pregnancy outcomes in defined low-resource geographic
areas over time in order to provide population-based statistics on key pregnancy outcomes. The process of monitoring and evaluating data quality of MPPBRs may occur
at multiple levels from the development and testing of
data collection instruments, to proper training and oversight of data collectors, to review and verification of data
collected using data metrics. This paper aims to describe
the monitoring processes and metrics used to assess performance of data collection for the MNHR and illustrate
how those performance metrics are used to identify potential data quality issues and evaluate the ongoing performance of the registry.

Materials and methods
The MNHR is a prospective, population-based observational study funded by the Eunice Kennedy Shriver
National Institute of Child Health and Human Development (NICHD) [6]. Key study variables include stillbirths,
early and 28-day neonatal mortality, maternal mortality,
rates of pre-eclampsia/ eclampsia, obstructed labor,
hemorrhage, and infection. Additional variables obtained
include antenatal care and delivery care, including Cesarean section, and neonatal resuscitation [6].
Study sites included in the MNHR include Argentina,
Zambia, Guatemala, India (Belgaum and Nagpur), Pakistan, and Kenya. Additional details about the MNHR are
described elsewhere [14]. The MNHR comprises approximately 100 study clusters, ranging from 10 – 24 clusters
per site. Each cluster is a defined geographic region,
usually based around catchment region for a health center, and has approximately 300-500 births per year.
The MNHR is overseen by a subcommittee comprised
of MNHR investigators at each site. Additionally, each site
employs a study coordinator and supervisors to oversee
field activities. Finally, each site employs registry administrators (RAs) who oversee the data collection at each
study cluster.
Ethical approvals

The appropriate Institutional Review Boards and Ethics
Research Committees of the participating institutions
and the Ministries of Health of the respective countries
approved the MNHR. Prior to initiation of the study,
approval was sought from the participating communities
through sensitization meetings. Individual informed consent for study participation is requested from each study
participant. No monetary reimbursements are provided
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to study participants nor to the communities participating in the study. A Data Monitoring Committee,
appointed by the NICHD, oversees and reviews the study
at annual meetings.
Enrollment and consent

First, to identify each pregnancy within a cluster, RAs with
community health workers (CHWs) conduct community
household surveys, track women of reproductive age and/
or visit antenatal care clinics to screen and enroll women.
Once a pregnant woman is identified as a resident of the
cluster, she is asked to consent to participate and is regularly monitored for occurrence of key events during
pregnancy.
Follow-up

Using the estimated date of delivery (EDD), CHWs and
RAs determine expected dates for follow-up visits to capture the outcome of the pregnancy up to 6 weeks postpartum. At delivery, key variables are recorded on data
collection forms which are then reviewed and entered into
the data management system (DMS) at site specific data
center(s). Because deliveries documented within the
MNHR occur in diverse settings ranging from family or
birth attendant homes, to primary health centers, to district
or tertiary care hospitals, the RAs use multiple sources of
information to complete the forms. Sources of information
include interviews of mother, family member present at
the time of delivery, or birth attendant; medical records;
and actual measurements. Information available in the
medical records is used if it is determined reliable, but for
some key variables such as birth weight, the RAs are
encouraged to record the birth weight using instruments
provided for the study rather than capturing the birth
weight recorded on medical records, as instrumentation in
many primary health centers is not well maintained. For
each data element, the RA is given responsibility of selecting the most reliable data source.
Data entry and management

Prior to data entry, data collection forms are manually
checked for errors and missing information by supervisors and data entry staff and returned to each RA to
review as needed to correct errors or ambiguities. Data
entry personnel enter data forms into a data management
system (DMS). Double data entry (re-keying) is performed monthly for at least 5% of the data forms per
cluster using a random list of study IDs and data forms
provided by statisticians at the Data Coordinating Center
(DCC) to ensure consistency of data entered. After
receiving lists of data edits from the DCC, the RAs make
corrections on the data forms and the data entry and
data management staff update the records in the sitebased DMS as needed.
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The DCC at RTI International (RTI) develops data collection forms and designs, maintains, and updates the
data management system (DMS) centrally and at the sitelevel. The DMS has built-in range and skip checks to prevent errors as data are entered from paper forms into the
DMS. RTI also develops detailed summary site-level and
cluster-level monthly monitoring reports, which include
frequencies of several variables collected at the cluster
level. Monthly monitoring reports are accompanied by
edit reports which flag data errors, out-of-range and
inappropriate data, and missing data that were either not
checked during data entry into the DMS, or that the
DMS did not have the sensitivity to check. Edit reports
also check for inconsistency across data forms as well as
flag study IDs where delivery or follow-up information
was expected but has not yet been entered.
On a monthly basis, each GN site reviews the monthly
cluster-level monitoring reports with field staff to identify
potential quality issues, determine the potential causes for
any issues identified and develop plans for addressing those
issues. On a routine basis (monthly during the early years
and quarterly currently), the DCC generates a summary of
potential issues based on a comparison cluster-level results
to against pre-defined performance metrics (described in
the section below) and reviews those reports on conference
calls with the sites. These calls focus on major quality
issues and development of plans at either the cluster or site
level to address major performance issues.
Performance metrics

The MNHR uses a set of metrics to provide feedback to
assess the data quality. These indicators are used to
monitor unexpected changes in trends that may signal
poor performance within the site or technical issues
related to data collection, reporting and transmission.
We developed performance metrics with quantitative
indicators to monitor the quality of data collected in the
MNHR (Table 1).

Enrollment metrics
The MNHR aims to enroll pregnant women by 20 weeks
gestation, although occasionally women are enrolled later
or even at the time of delivery. Monitoring the time
between enrollment and delivery provides an indication of
whether women are being enrolled prior to delivery. Early
enrollment contributes to more accurate estimation of
gestational age and EDD, and ensures that important pregnancy outcomes are recorded, including stillbirths.
Although the performance of this metric is dependent on
whether the mother knows or reveals her pregnancy, the
MNHR monitors this by estimating the number of future
deliveries based on the EDDs of currently enrolled subjects
compared to number of expected deliveries based on previous year total deliveries. Month-to-month enrollment
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Table 1. Data quality monitoring indicators used by the Global Networks’ Maternal Newborn Health Registry
Indicators

Acceptable value

Enrollment metrics
Proportion of enrolled subjects with a consent rate obtained

>95%

Month-to-month enrollment variability factor during the past 6 months (month with highest number enrolled divided by
month with lowest number enrolled)

<2.0

Pregnancy outcome metrics
Proportion of expected delivery outcomes obtained

>95%

Proportion of deliveries with a 6-week neonatal outcome obtained.

>95%

Range of gender ratios

.80-1.30

Month-to-month birth variability factor in the past 6 months (month with highest number of births divided by month with
lowest number of births)

<2.0

Ratio of expected deliveries to average monthly deliveries in the next 6 months

>70%

Minimum number of deliveries per month per cluster

25

Mortality outcome metrics
Ratio of stillbirths to early neonatal deaths

.50-2.0

Ratio of early neonatal deaths to 6-week neonatal deaths

.60-.90

Gestational age and actual or estimated birth weight accurately recorded for miscarriages.

<20 wks
<500 g

Key variable metrics
Proportion of deliveries with a measured birth weight:
Live births

>95%

Neonatal deaths

>90%

Stillbirths

>75%

Proportion that have any birth weight recorded:
Live births

>99%

Neonatal deaths

>95%

Stillbirths

>95%

Proportion of enrolled subjects with maternal height, weight and timing recorded

>95%

Proportion of deliveries with delivery attendant, delivery location, delivery mode, bag and mask use, and gestational age
recorded

>99%

Proportion of deliveries with birth weight collected within 7 days of birth

>95%

Process metrics
Time between birth and measured (or estimated) birth weight recorded.

<7 days

Time between enrollment and data entry should be less than 6 weeks.

>90%

Time between enrollment date and estimated delivery date should be greater than 4 weeks.

>70%

Time between collection of delivery information and data entry should be less than 6 weeks.

>90%

Time between delivery and completion of delivery form should be less than 4 weeks.

>90%

Time between completion of delivery form and data entry should be less than 6 weeks.

>90%

Time between delivery and completion of follow-up form should be between 5 and 9 weeks.

>80%

Time between completion of follow-up form and data entry should be less than 6 weeks.

>90%

Proportion of critical edits addressed.

>80%

variability is monitored to ensure pregnancies are captured
consistently across time. High consent rates are important
to ensure coverage so the study team also monitors for
proper recording of consents and overall consent rates.

Pregnancy outcome metrics
Collection of complete and accurate pregnancy outcomes
is the cornerstone of the MNHR. Expected delivery rates,

month-to-month variability in deliveries, and gender
ratios help determine whether expected number of births
is recorded in the clusters.

Mortality outcome metrics
To monitor the accuracy and completeness of mortality
data in the MNHR a number of strategies are employed.
RAs have identified all local traditional birth attendants
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in their catchment areas and meet routinely to review
birth and death records. In addition, RAs review health
facility records to verify that maternal and neonatal
deaths are recorded accurately. Observation of monthly
mortality data for outliers, such as unusual spikes or
drops in number of deaths, can help identify problems in
data collection. Metrics that compare the ratio of stillbirths to early neonatal deaths and early neonatal deaths
to 6-week neonatal deaths help monitor for potentially
misclassified deaths.

Key variable metrics
Variables critical to analyzing factors associated with
maternal and neonatal outcomes are monitored to reduce
missing data. Key variables are often associated with the
collection of outcome data for ancillary studies. Collection of birth weight is an example of a key variable that
has been monitored over time. The ideal is to obtain
birth weight measured on a scale within 7 days of birth.
However, if measured birth weight is not possible, as an
alternate, RAs have been trained to obtain an estimated
birth weight, using pre-defined categories of birth weight.
Process metrics
Monitoring data collection processes, such as time
between a sentinel event (e.g. delivery) and data collection
time or time between data collection and data entry into
the data management system, is important to understanding how efficient sites are at collecting, recording and
entering data. Limiting delays in these times is considered
critical because data accuracy can be compromised if data
collection is distal from the time of the event. Also, data
that are quickly collected and entered, can be analyzed for
potential errors, and corrected in a timely manner.
Results
Between 2010 and 2013, the seven sites in the MNHR
recorded 283,496 deliveries from enrolled pregnant
women. As presented in Table 1, numerous indicators are
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analyzed routinely to assess quality and performance of
data collection in the MNHR. For the purposes of this
paper, we selected 1-2 key indicators from each performance metric category, with the exception of the enrollment category, to provide illustrative examples of how
data quality is monitored over time. The selected indicators were also chosen because they monitor key outcomes
of the study, such as accurate and timely collection of
delivery information and mortality rates.
Figure 1 shows that all sites have collected delivery outcomes on at least 95% of women who were expected to
deliver, with the majority reaching rates up to 99%. Rates
tend to fluctuate from year to year but sites are constantly working to improve follow-up of patients. Sites
are provided similar results in cluster-level monitoring
reports that use six-month moving averages so they can
pinpoint exact clusters that are experiencing problems.
Using the example of Site E in Figure 1, several clusters
were identified early in 2013 with relatively low levels of
follow-up. When the site investigator followed up with
those clusters, we determined that the reduction in data
collection was due to a large population displacement as
a result of flooding. While a number of individuals were
still lost to follow-up as a consequence of the displacement, the site was able to focus more resources on these
clusters during the disruption period to minimize the
loss.
Figure 2 illustrates examples of month-to-month birth
variability graphics by 6-month period and cluster. Red
cluster lines demonstrate a steady horizontal trend, suggesting that births are being consistently recorded in that
cluster. Blue cluster lines show a staggered downward
trend over the 6-month period, suggesting that some
births may be missed or not collected in a timely manner.
Sites experience some seasonal variation in births, due to
marriage customs, agricultural seasons and climate
changes. If variability remains high over time, despite consistent efforts to capture all pregnancies, sites may consider adjusting the size or catchment area of clusters. With

Figure 1 Pregnancy outcome metrics: Proportion of enrolled subjects with a delivery outcome (% of expected) in the Global Network’s
Maternal Newborn Health Registry by year 2010-2013
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Figure 2 Pregnancy outcome metrics: Month-to-month birth variability over 6-months at a given site in the Global Network from March to
August 2013 – Blue lines represent clusters with high variability and red lines represent clusters with low variability.

population movements, natural disasters, and migrations,
this is often necessary. The graphics have also been used
to identify staff performance issues or sites with inadequate staffing, allowing sites to adjust staffing and bring
clusters into equilibrium.
Figure 3 illustrates an example of how stillbirths to
early neonatal deaths ratios by cluster, which fall in the
expected range of .50-2.0, have increased over time. The
proportion of clusters with mortality ratios greater than
2.0 indicate that the number of stillbirths remains significantly higher than early neonatal deaths in certain clusters and this may be due to misclassification of deaths, or
actual high number of stillbirths. In either case, sites are
encouraged to investigate these types of inconsistencies
to improve data quality over time.
Figure 4 shows how the collection of a key variable,
measured birth weight, improved over time in a given
site. Sites aims for obtaining a measured birth weight
from at least 95% of deliveries, with estimated birth
weight as a second option if measured birth weight is not

available. Due to the emphasis on collecting birth weight
as a key outcome utilized in several studies, the ability of
sites to collect this variable accurately has improved substantially over the duration of the registry.
Figure 5 shows how the proportion of deliveries where
time between delivery and completion of delivery form
was less than 4 weeks has improved over time. Sites aim
to obtain delivery information as soon after delivery as
possible, or within 4 weeks, so that information obtained
is as accurate as possible.

Discussion
The MNHR provides population-based indicators and
trends over time of pregnancy outcomes and associated
risk factors in settings where this type of information
would normally be lacking or incomplete. Robust quality
monitoring activities at the cluster, site, and DCC level
ensure high quality data is obtained throughout the data
collection and data entry process. Results of data quality
metrics over time are used to monitor performance and

Figure 3 Mortality outcome metrics: Proportion of clusters with a stillbirth to early neonatal death ratio in the following categories at a given
Global Network site by year 2010-2013.
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Figure 4 Key variable metrics: Proportion of missing, estimated, and measured birth weights obtained at a given Global Network site by year
2010-2013.

measure consistency in data collection within sites and
clusters. Furthermore, as the registry evolves, these quality control metrics continue to evolve to address specific
quality issues that are identified that limit the usefulness
of the data.
The illustrative results of selected indicators show that
data quality monitoring efforts over time have yielded
overall improvements in data collection performance of
key study outcomes. Although a downward trend in the
ability of some sites to obtain all delivery outcomes of
enrolled subjects is observed, overall sites obtained the
goal of at least 95% of delivery outcomes, with some as
high as 100%. The month-to-month birth variability by
cluster metric shows that whereas some clusters succeed
in obtaining a consistent numbers of deliveries over time,
other cluster performance is too variable, indicating that
there may be obstacles to enrolling all pregnant women or
obtaining all delivery outcomes in certain clusters. The
increase in measured birth weight over time is an indication that monitoring this variable has proven to be an
effective way to inform sites of where improvements can

be made. Finally, the number of sites which were increasingly able to collect delivery information within the ideal 4
weeks’ time from delivery, shows that sites improved data
collection procedures to obtain more timely, and likely
more accurate, results of pregnancy outcomes.
The MNHR provides a critical foundation to the Global
Network, by identifying trends in maternal and perinatal
outcomes that form the basis for the design of cluster
and individually randomized trials, pre-post studies, programmatic interventions, and eventually, with the goal of
influencing health care practice and policy. Data from the
MNHR have been used to capture outcomes for several
past GN common protocols, including the Emergency
Obstetric and Newborn Care (EmONC) trial [15],
Antenatal Corticosteroids Trial (ACT) [16] and the Helping Babies Breath (HBB) trial [17]. Several sites have used
the MNHR as a platform for data collection for sub-studies, such as the Household Air Pollution (HAP) survey
and Contraception survey [18], and thus have relied on
the ability of the registry to collect accurate data and follow pregnant women closely.

Figure 5 Process metrics: Proportion of deliveries at Global Network sites from 2010-2013 where time between delivery and completion of
delivery form is <4 weeks.
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The high quality of data obtained by the MNHR is critical as it fills a gap that exists in civil registration systems
in these low-income settings. Even where civil registration systems exist, the quality of cause of mortality data
is known to be poor [19]. The processes used in implementing and monitoring the MNHR can be adopted by
Ministries of Health to establish similar pregnancy tracking systems or strengthen existing systems such as the
Indian Mother and Child Tracking System (MCTS). Data
obtained from the MNHR permits assessment of maternal and newborn care practices in specific communities
and facilities and therefore helps local health officials and
policy makers plan interventions to address morbidity
and mortality unique to those areas.
The MNHR also serves a critical role in contributing to
global knowledge of the burden of maternal and newborn
morbidity and mortality in low-income countries in general and in the specific Global Network countries. In
recent years the World Health Organization (WHO) has
taken the lead in assessing the quality of vital registration
systems worldwide in an effort to help strengthen them
[20]. At the end of 2003, coverage of death registration
was less than 10% in the African region and less than
50% in the South Asia region [20].
Although monitoring mortality ratios may not necessarily indicate if deaths are being missed, it does help identify potentially misclassified deaths or an unexpected
number of certain deaths. The MNHR uses mortality ratio
acceptable ranges that are derived from input from the
GN scientific advisory committee and validated in the literature [4,21-23]. Hill & Choi found that accurate ratios of
early neonatal deaths to late neonatal deaths were unlikely
to fall outside of the range of 0.66-1.26, yet in 40% of the
surveys conducted, the index exceeded 2.5 [4].
Monitoring data collection processes for timeliness
ensures that data are collected and transmitted regularly
and provided to the data users as a feedback loop to
improve the quality of data collected [13,24]. In the case
of the MNHR, the time between birth and retrieval of
accurate maternal and perinatal data is likely to be inversely correlated. As more time passes between the birth
and the collection of its data, missing or inaccurate data
(e.g. birth weight, offspring status at birth, gestational
age, etc.) will be more likely. Timely collection of data
also is also important for the dissemination of information for publication and time-sensitive health policy decision making.
One of the major limitations of the current quality control program is a process for evaluating the validity of the
data collection forms against source documentation.
While a registry would ideally involve an audit of some
fraction of the data in the final registry against valid source
documents, as one would typically find in a clinical trial or
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registry in developed countries, the diversity of data
sources and the limitations of the quality and documentation associated with those sources precludes such an audit
in the current setting in which the MNHR operates.
A major strength of the MNHR data quality monitoring system is that data collection instruments and procedures are uniform across all sites and monitoring
metrics are developed at the DCC level. This system has
been consistently applied and successfully in place
across all sites for nearly 6 years. The lack of comparable systems at the GN sites limit our ability to evaluate
the quality of data collected using established data quality indicators as described in studies of high income
country health registries [13]. Completeness and accuracy of data collected, or the ability to ensure that no
cases are missing and that data obtained can be validated by external sources, is reliant on robust civil registration systems, diagnostic and pathological reports, and
death certificates, which are not often available in lowincome health settings [11-13]. However, many sites utilize household surveys and hospital registers to the best
of their ability to ensure that all pregnancy outcomes
are captured. The completeness of enrollment data (i.e.
number of consented pregnant women) is measured
against historical data regarding the number of expected
pregnancies occurring in the last 6 months within that
cluster. In the MNHR’s predefined geographic clusters,
it is reasonable to assume that enrollment and delivery
rates will not significantly vary over time, although some
known seasonal variation is expected and accounted for
in some areas. Reports from the India Sample Registration System show that birth rates collected by the
MNHR were comparable to state-specific recorded rates
and therefore we are confident that the registry collects
close to actual rates of pregnancy and delivery in the
selected sites [25].

Conclusions
High quality MPPBRs such as the MNHR provide key
information on pregnancy outcomes to local and international health officials where civil registration systems
are lacking. These data are necessary for documenting
demographic trends and ensuring policies and interventions address the burden of maternal and newborn morbidity. The registry also provides a platform for
assessing the impact of community/population-based
interventions. Ongoing data quality monitoring using
structured performance metrics is critical to ensure
accuracy and completeness of data.
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Abstract
Background: The Global Network for Women’s and Children’s Health Research (Global Network) supports and
conducts clinical trials in resource-limited countries by pairing foreign and U.S. investigators, with the goal of
evaluating low-cost, sustainable interventions to improve the health of women and children. Accurate reporting of
births, stillbirths, neonatal deaths, maternal mortality, and measures of obstetric and neonatal care is critical to
efforts to discover strategies for improving pregnancy outcomes in resource-limited settings. Because most of the
sites in the Global Network have weak registration within their health care systems, the Global Network developed
the Maternal Newborn Health Registry (MNHR), a prospective, population-based registry of pregnancies at the
Global Network sites to provide precise data on health outcomes and measures of care.
Methods: Pregnant women are enrolled in the MNHR if they reside in or receive healthcare in designated groups of
communities within sites in the Global Network. For each woman, demographic, health characteristics and major
outcomes of pregnancy are recorded. Data are recorded at enrollment, the time of delivery and at 42 days postpartum.
Results: From 2010 through 2013 Global Network sites were located in Argentina, Guatemala, Belgaum and
Nagpur, India, Pakistan, Kenya, and Zambia. During this period, 283,496 pregnant women were enrolled in the
MNHR; this number represented 98.8% of all eligible women. Delivery data were collected for 98.8% of women
and 42-day follow-up data for 98.4% of those enrolled. In this supplement, there are a series of manuscripts that
use data gathered through the MNHR to report outcomes of these pregnancies.
Conclusions: Developing public policy and improving public health in countries with poor perinatal outcomes is,
in part, dependent upon understanding the outcome of every pregnancy. Because the worst pregnancy outcomes
typically occur in countries with limited health registration systems and vital records, alternative registration
systems may prove to be highly valuable in providing data. The MNHR, an international, multicenter, populationbased registry, assesses pregnancy outcomes over time in support of efforts to develop improved perinatal
healthcare in resource-limited areas.
Study Registration: The Maternal Newborn Health Registry is registered at Clinicaltrials.gov (ID# NCT01073475).

Introduction
The Global Network for Women’s and Children’s Health
Research (Global Network) supports and conducts clinical trials in resource-limited countries by pairing foreign
and U.S. investigators, with the goal of evaluating
* Correspondence: carl_bose@med.unc.edu
1
Department of Pediatrics, Division of Neonatal-Perinatal Medicine, University
of North Carolina School of Medicine, Chapel Hill, NC, USA
Full list of author information is available at the end of the article

low-cost, sustainable interventions to improve the health
of women and children. Another goal of the Global Network is to build local research capacity and infrastructure. These activities are designed to strengthen local
capacity for independent research that will ultimately
contribute to improved health care systems. The Global
Network was initiated in 2001 by the Eunice Kennedy
Shriver National Institute of Child Health and Human
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any medium, provided the original work is properly cited. The Creative Commons Public Domain Dedication waiver (http://
creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Bose et al. Reproductive Health 2015, 12(Suppl 2):S1
http://www.reproductive-health-journal.com/content/12/S2/S1

Development (NICHD) with co-funding from the Bill &
Melinda Gates Foundation.
Accurate reporting of births, stillbirths, neonatal
deaths, maternal mortality, and measures of obstetric
and neonatal care is critical to efforts to inform health
policy and to improve pregnancy outcomes in resourcepoor settings. Because most of the study sites in the
Global Network are in geographic areas with weak
health care systems, they lack precise data on maternal
and newborn health outcomes and measures of care.
The development of a registry of vital statistics was
necessary to allow the Global Network to document
maternal and neonatal outcomes, design trials to address
the major causes of poor outcomes, and assess interventions to improve outcomes. Collectively, these results
will inform public health policy.
The Global Network’s Maternal Newborn Health Registry (MNHR) is a prospective, population-based registry of
pregnancies at the Global Network sites. The MNHR
began in May 2008, as an expansion of the populationbased data collection tool established at sites for the
FIRST BREATH Study, a clinical trial investigating the
impact of newborn care training on perinatal mortality in
resource limited areas in low and low-middle income
countries [1,2]. The MNHR continued after the completion of this study. The primary purpose of the MNHR is
to quantify and analyze trends in pregnancy outcomes
over time in order to provide population-level statistics
within defined geographic areas. In this way, the MNHR
serves as a data collection tool for pregnancy outcomes in
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individual studies and provides data to plan future studies
in the Global Network. Although the MNHR relies on a
core set of data (see below), to support individual studies,
investigators may propose time-limited supplemental data
collection to the MNHR.
In this supplement, there are a series of manuscripts
that use data gathered through the MNHR from 2010
through 2013. During this period, sites in the Global
Network remained the same, and a consistent core set
of variables was collected. The initial MNHR study
sites were located in Argentina, Guatemala, Belgaum
and Nagpur, India, Pakistan, Kenya, and Zambia. In
2013, following a competitive renewal at the end of an
NICHD funding cycle, the site in Argentina was
replaced by a site in the Democratic Republic of
Congo. (See Table 1 for locations and principal investigators.) The purpose of this manuscript is to provide
an overview of the MNHR; included is a brief description of the sites, its organization and management, and
methods of data collection. Selected data describing
the subjects enrolled in the MNHR from 2010 to 2013
are included to characterize the population and the
perinatal health care. Outcomes during this period are
examined in the accompanying manuscripts in this
supplement.

Global Network MNHR Sites
The target population for the MNHR at each Global Network site is women who reside in or receive healthcare in
a specified group of communities, also referred to as

Table 1. Sites of the Global Network for Women’s and Children’s Health Research
Location of Site

In-country Institution

US Institution

Senior Foreign
Principal
Investigator

US Principal
Investigator

Corrientes, Argentina

Institute for Clinical Effectiveness and Health
Policy, Buenos Aires

Tulane School of Public Health
and Tropical Medicine, New
Orleans, LA

Jose Bélizán

Pierre
Buekens

Equateur Provence,
Democratic Republic of
Congo*

Kinshasa School of Public Health, Kinshasa

University of North CarolinaChapel Hill

Antoinette Tshefu

Carl Bose

Kafue and Chongwe
Provence, Zambia

University Teaching Hospital, Lusaka

University of Alabama at
Birmingham

Elwyn Chomba

Waldemar
Carlo

Chimaltenango,
Guatemala

FANCAP, Fundación para la Alimentación y
Nutrición de Centro América y Panamá
Guatemala City

University of Colorado School of
Medicine

Ana Garces

Nancy Krebs

Belgaum, Karnataka, India Jawaharlal Nehru Medical College, Belgaum

Christiana Care Health Services,
Newark, DE

Bhala Kodkany

Richard
Derman

Thatta, Pakistan

Aga Khan University, Karachi

Columbia University

Omrana Pasha

Robert
Goldenberg

Nagpur, India

Indira Gandhi Government Medical College,
Nagpur

Massachusetts General Hospital
for Children

Archana Patel

Patricia
Hibberd

Western Kenya

Moi University, Eldoret, Kenya

Indiana University School of
Medicine

Fabian Esamai

Edward
Liechty

Data Coordinating Center RTI International, Durham, NC
*Participant in the MNHR since 2013 only.
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clusters. Each cluster is defined by a geographic area
where mothers receive primary perinatal care from designated healthcare facilities. Initially, for a cluster to be
included in the MNHR, it was estimated to have 300 to
500 deliveries per year, although the number of annual
deliveries has increased in many clusters over time. The
clusters usually correspond to existing healthcare service
delivery areas, such as an area or zone defined by the
ministry of health in the participating country. The clusters are not intended to be representative of the demography or healthcare throughout the country; in general,
they represent the resource-limited areas within countries. Each site has established between 10 and 20
research clusters and altogether, the MNHR enrolls
approximately 70,000 pregnant women annually.
A brief description of each site follows. These include
the Human Development Index (HDI) for each region in
which the site is located. The HDI is a composite statistic
of life expectancy, education, and income indices used to
rank countries. Values are typically >0.850 in Western

Figure 1 South Asian Global Network Sites
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Europe and North America. In 2014, values worldwide
ranged from 0.944 (Norway) to 0.337 (Niger) [3].

South Asian Sites (Figure 1)
India (Belgaum)

Location: The research site is within the northwestern
corner of the southern state of Karnataka, India, with
the site coordinating center located in Belgaum.
Setting: There are 18 clusters corresponding to the service
areas of 18 primary health centers. Each is managed by a
physician medical officer who works with nursing staff and
auxiliary nurse midwives in associated sub-centers, the
most peripheral outpost of the health care services. There
are three tertiary care hospitals and eight secondary care
hospitals serving the region as referral hospitals staffed by
obstetricians, pediatricians and nurses. In addition to these
public sector health facilities, there are several private sector
maternity facilities within the site catchment area.
HDI: 0.508 [6].
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India (Nagpur)

Location: The research site is within the state of Maharashtra, India, with the coordinating center in Nagpur.
Setting: There are 20 clusters corresponding to the service area of 20 primary health centers, each served by
physician medical officers and nurses. These areas
include 119 sub-centers where basic maternal and child
care are provided. Referral care is provided in ten tertiary
hospitals (two public sector and eight private sector), and
129 secondary hospitals (27 public sector hospitals and
102 private nursing homes).
HDI: 0.549 [6].
Pakistan

Location: Research sites are in two of five sub-districts
within the Thatta district in the southern Sindh province, near the city of Karachi, where the site coordinating center is located.
Setting: The 20 clusters are served by over 75 health
facilities, both public sector and private fee-for-service,
providing maternal and child health services. This
includes 47 primary health clinics, 25 secondary care
facilities and 3 referral hospitals. Care in health clinics
is typically provided by either paramedical staff,

Figure 2 Sub-Saharan Africa Global Network Sites
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including nurses and lady health visitors or non-specialist physicians. Obstetricians provide care in referral
hospitals.
HDI: 0.595 [8].

Sub-Saharan Africa Sites (Figure 2)
Kenya

Location: The research site is within the western region of
Kenya in the counties of Busia, Bungoma and Kakamega,
with the site coordinating center located in Eldoret.
Setting: There are 16 clusters served by 23 health facilities, most operated by the government and staffed by
nurse-midwives and clinical officers and a single medical
officer. Three hospitals in the area function as referral
hospitals. Most physicians are generalists, with a small
number of trained obstetricians and pediatricians.
HDI: 0.570 [7].
Zambia

Location: The research site is within the districts of Kafue
and Chongwe located south and east of the capital city of
Lusaka, Zambia, where the site coordinating center is
located.
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Setting: There are ten clusters, eight of which have
health posts. Care is provided primarily by nurse midwives
in the health posts and by traditional birth attendants for
home births. There are three district hospitals and a referral hospital in Lusaka. Specialty physicians are available in
the referral hospital only.
HDI: 0.465 [9].
Democratic Republic of Congo

Location: The research sites are in the northern province of Equateur, with the site coordinating center in
Kinshasa.
Setting: There are 14 clusters, each served by a health
center. Care in health centers is provided by nurses.
There are three hospitals staffed by physicians, nurse
midwives and nurses; no specialty physicians are
available.
HDI: 0.338 (note: this is the HDI for the entire country; regional estimates were not available) [3].

Figure 3 Latin American Global Network Sites
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Latin American Sites (Figure 3)
Argentina

Location: The research site is within the provinces of
Corrientes and Santiago del Estero are located in the
northern region of Argentina, with the coordinating
center in Buenos Aires.
Setting: There are six clusters, three in each province.
Each cluster corresponds to a department (municipality) in
which the vast majority of the births occur at a publiclyfunded secondary level hospital. Care is provided primarily
by physicians and midwives. There are two Provincial referral hospitals, each located in the provincial capital cities.
HDI: 0.828 [4].
Guatemala

Location: The research site is within the Chimaltenango
region is located in the Western Highlands of Guatemala, with the coordinating center in Guatemala City.
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Setting: There are 17 clusters served by one referral
hospital, 30 health centers, and 42 health posts. Maternal
and infant care in the hospital is provided mainly
by obstetricians and general physicians, in health centers
by physicians and nurses, and in health posts by auxiliary
nurses. HDI: 0.679 [5].
MNHR Organization and Management

A MNHR Study Committee, constituted of investigators
from each site and a representative from the NICHD and
the Data Coordination Center (DCC; RTI, International),
guides the general conduct of the MNHR (Appendix).
The Committee oversees the use of MNHR data, data
analyses and publications. Within each site, the MNHR is
overseen by the senior foreign investigator and a country
coordinator. In addition a field supervisor generally oversees the management of daily field activities for the
MNHR. Each cluster employs a research administrator
(RA) who is responsible for data collection and transfer
to the DCC. Typically, the RAs are healthcare providers
within the community. The RAs work closely with the
existing healthcare service providers to help ensure that
data describing pregnancies are comprehensive and accurate, as described elsewhere [10,11]. This work is facilitated by influential community leaders (e.g. village elders,
birth attendants, and facility registries) [12]. In addition
to field staff, each site employs a data manager who oversees data entry and data quality, including the process of
resolving data edits.

Methods
Eligibility

Pregnant women are eligible for inclusion in the MNHR
if they 1) reside or receive healthcare in the community
(regardless of their site of delivery) or 2) deliver within
the study cluster. Sites are encouraged to enroll women
by 20 weeks of gestation; however, they can be enrolled
at any time up to and including enrollment at the time of
delivery. The overall goal is to capture the pregnancy
outcomes of all eligible women. Each site uses site-specific strategies to achieve this goal. Birth attendants are
sensitized to the study activities and are asked to report
all deliveries in their communities, regardless of whether
the delivery occurs at home or in a facility.
Enrollment

Study staff maintain detailed maps of all health facilities
and the location of birth attendants within each cluster
(Figure 2). Staff routinely contact birth attendants active
within clusters to document home deliveries, and review
hospital and clinic logs for facility births on a monthly
basis. The study team monitors cluster-level monthly
data to identify trends over time (e.g. a declining or erratic birth rate) that might suggest failed enrollment of all
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women. At several sites, cell phone reporting by local village elders and traditional birth attendants has been
effective [12]. Several sites have used annual household
surveys to identify married women of reproductive age
and to identify those likely to become pregnant in the
ensuing year [10]. Where available, birth rates generated
from the MNHR are compared to rates from local data
sources such as ministry vital records to ensure accuracy
in reporting.
Data collection

The MNHR describes populations by collecting data
describing demographic and health care characteristics
and major outcomes of pregnancy. A priori definitions
are used to classify certain outcomes and characteristics.
For example, a stillbirth is defined using a modification
of the World Health Organization (WHO) criteria: birth
of a fetus weighing >500 g (or >22 weeks gestation) in
which no signs of life (breathing, crying, heartbeat, or
movement) were evident [13]. Fresh stillbirths have these
signs but no signs of maceration. Gestational age is estimated using last menstrual period (LMP), or clinical data
such as physical examination, ultrasound and other available information when LMP is unknown. The intent is to
record measured birth weight taken within 48 hours of
delivery using scales provided by the study. When birth
weight is not obtained, weight is estimated with the goal
of distinguishing infants weighing less than and greater
than 1000g and 2500g. Models and pictures are used to
teach these concepts to community birth attendants.
Birth attendant is categorized as physician, nurse or
equivalent, traditional birth attendant (TBA), family or
unattended, and site of delivery is categorized as hospital,
health center or home (including the TBA’s home or intransit). Finally, antenatal care is defined as having at
least one visit with a skilled health provider.
All definitions used by the MNHR are consistent with
the WHO definitions, whenever possible. The primary
reference guide for definitions is the Integrated Management of Pregnancy and Childbirth: Pregnancy, Childbirth,
Postpartum and Newborn Care: A guide for essential
practice [14].
Cause of deaths is assigned by the supervisory physicians based on their examination of all data available.
Prior to 2014, there was no systematic method for assigning cause. This resulted in variability and inconsistency
among sites in assignment of cause. For this reason, in
2014, a new system of assigning cause based on the collection of a defined data set and a computer algorithm
was initiated [15].
Data are recorded at discrete time points, including
demographic data at enrollment in the MNHR (which
usually corresponds to the first antenatal care visit), and
health care and outcomes at the time of delivery and at

Bose et al. Reproductive Health 2015, 12(Suppl 2):S1
http://www.reproductive-health-journal.com/content/12/S2/S1

42 days postpartum. Supplementary data are collected
when a fetus, an infant or a mother dies at any time prior
to 42 days postpartum.
Study staff collect all data on paper forms at each cluster;
a supervisor performs a review of these forms for completeness and errors. Clerks enter these data into a computerized data management system, which contains basic logic
checks. From each site, data are then transmitted to the
DCC for central analyses, data edits, including inter- and
intra-form consistency checks, and additional edits to
ensure quality [16]. Data monitoring reports are reviewed
monthly by each site team for completeness and consistency of data, as described elsewhere [11].
Annually, and in response to special inquiries, major
outcomes of pregnancy and other perinatal health indicators are reported by the DCC. These include the following:
• Rates of pre-eclampsia/eclampsia, obstructed labor,
hemorrhage, infection
• Site of delivery
• Birth attendant type
• Cesarean section rate
• Neonatal resuscitation rate
• Preterm birth rate
• Proportion of low birth weight newborns
• Maternal mortality rate
• Stillbirth rate
• Early neonatal mortality rate
• 28-day neonatal mortality rate
• Cause of maternal deaths within 42 days after
delivery
• Cause of neonatal deaths within 28 days after
delivery

Training
The RAs receive training on the completion of data
forms, schedule of data collection and process for editing
data forms. Birth attendants are trained to collect data
and assess basic clinical variables and outcomes, including differentiation of stillbirths from early neonatal
deaths, birth weight and assessment of gestational age.
Birth attendants are also taught to distinguish macerated
from fresh stillbirths using pictures depicting forms of
maceration.
RA’s have monthly meetings to review their data collection and refresher training on study definitions on an
annual basis, with specific training held more frequently
as needed.
Quality assurance
Each site develops a monitoring plan to ensure the quality of the data. The monitoring plan has several components, including a timetable for responding to edits and
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an assessment of responsibility for completeness of data
collection, data quality, data accuracy and data entry [11].
To assist with monitoring activities, the DCC prepares
monthly monitoring reports of unexplained inconsistencies. They also prepare specially designed, site-specific
programs to assist each site in monitoring. Finally, periodic site visits are conducted at each site by representatives of the NICHD, the DCC and the US investigator
to review the completeness and quality of data
collection.

Ethical approval
The appropriate institutional review boards or ethics
research committees of the participating institutions and
the ministries of health of the respective countries
approve the activities of the MNHR. Initially, approval
was sought from the appropriate leader of the participating community. Informed consent for study participation
is requested from each pregnant woman (and her partner
when available). Study staff read an information page that
has been translated into the local language to each
women to inform her of the study purpose. There are no
monetary reimbursements to participants, and there is
no remuneration to the communities participating in the
study. The Global Network Data Monitoring Committee,
appointed by the NICHD, oversees and reviews activities
of the MNHR at annual meetings.
MNHR Population Characteristics 2010-2013
Since the inception of the MNHR in 2008, more than
450,000 pregnant women have been enrolled. During the
calendar years 2010-2013, 283,496 pregnant women were
enrolled in the MNHR, representing 98.8% of those eligible (Table 2). Rates of enrollment by site varied from
95.0% in Argentina to 99.9% in the two Indian sites (data
not shown). Of the pregnancies registered, we were able
to obtain delivery data for 98.8% of women and 42-day
follow-up data for 98.4% of those enrolled. No site had
>5% loss to follow-up. The time of registration varied by
site. For example 96% of women were registered within 4
weeks of delivery in Argentina. By contrast, in four sites,
Belgaum, Nagpur, Pakistan and Zambia, over half of
women were enrolled prior to the third trimester.
Recently, efforts have been made to enroll women earlier
in pregnancy so that early outcomes (e.g. miscarriage)
can be counted with accuracy.
Table 2 lists characteristics of women enrolled in the
MNHR at each site from 2010 to 2013. These data highlight differences in demography among sites. For example, women tended to be older in the South Asian sites
compared to other sites, and were more likely to be primiparous at the Indian sites. Over 80% of women at the
Pakistani site had no formal education. Table 3 lists
selected features of perinatal care of the MNHR cohort.

Bose et al. Reproductive Health 2015, 12(Suppl 2):S1
http://www.reproductive-health-journal.com/content/12/S2/S1

Page 8 of 11

Table 2. Demographic Features of Women Enrolled in the Maternal Newborn Health Registry 2010-2013
Pregnant women, N

Argentina

Guatemala

Zambia

Kenya

Pakistan

Nagpur

Belgaum

Total

9,944

30,806

28,176

36,509

51,794

41,678

84,589

283,496

Maternal age, N (%)
< 20

2,684 (27.1)

5,067 (16.5)

7,116 (25.3)

7,869 (21.9)

2,018 (3.9)

833 (2.0)

8,134 (9.6)

33,721 (11.9)

20-35

6,447 (65.2)

22,467 (73.0)

18,757 (66.8)

26,545 (73.9)

46,682 (90.5)

40,693 (97.7)

76,214 (90.2)

237,805 (84.2)

> 35

760 (7.7)

3,252 (10.6)

2,221 (7.9)

1,524 (4.2)

2,905 (5.6)

120 (0.3)

163 (0.2)

10,945 (3.9)

Education, N (%)
No formal education

254 (2.6)

5,983 (19.4)

2,922 (10.5)

1,110 (3.1)

42,879 (83.1)

1,269 (3.0)

17,224 (20.5)

71,641 (25.4)

Primary

6,146 (62.7)

19,436 (63.1)

15,412 (55.1)

25,637 (71.3)

3,908 (7.6)

7,233 (17.4)

27,884 (33.2)

105,656 (37.5)

Secondary

3,258 (33.2)

5,037 (16.4)

9,123 (32.6)

7,897 (22.0)

3,028 (5.9)

24,761 (59.5)

31,101 (37.0)

84,205 (29.9)

University+

152 (1.5)

333 (1.1)

500 (1.8)

1,303 (3.6)

1,767 (3.4)

8,363 (20.1)

7,745 (9.2)

20,163 (7.2)

0

3,232 (32.8)

8,618 (28.0)

7,609 (27.1)

9,046 (25.2)

10,749 (20.8)

19,941 (47.9)

35,742 (42.5)

94,937 (33.7)

1-2

3,831 (38.9)

11,010 (35.7)

10,554 (37.5)

13,881 (38.6)

16,563 (32.1)

20,623 (49.5)

42,672 (50.8)

119,134 (42.2)

>2

2,794 (28.3)

11,171 (36.3)

9,944 (35.4)

13,020 (36.2)

24,341 (47.1)

1,103 (2.6)

5,657 (6.7)

68,030 (24.1)

1.9 (2.2)

2.4 (2.6)

2.1 (2.0)

2.2 (2.1)

3.0 (2.8)

0.7 (0.8)

0.9 (1.0)

1.7 (2.1)

Parity, N (%)

Mean (std)

Table 3. Characteristics of Deliveries of Women in the Maternal Newborn Health Registry 2010-2013
Argentina

Guatemala

Zambia

Kenya

Pakistan

Nagpur

Belgaum

Total

9,902

30,262

27,877

35,667

50,275

41,424

84,581

279,988

Yes

9,312 (95.0)

29,696 (98.2)

27,547 (98.9)

34,643 (97.2)

41,792 (83.5)

41,361 (99.9)

84,145 (99.7)

268,496
(96.1)

No

494 (5.0)

533 (1.8)

307 (1.1)

1,003 (2.8)

8,243 (16.5)

30 (0.1)

218 (0.3)

10,828 (3.9)

Deliveries, N
At least one ANC visit, N
(%)

Delivery mode, N (%)
Cesarean

3,469 (35.0)

5,580 (18.4)

305 (1.1)

550 (1.5)

4,489 (9.4)

7,701 (19.6)

11,211 (14.0)

33,305 (12.3)

Vaginal/Vaginal assisted

6,430 (65.0)

24,673 (81.6)

27,455 (98.9)

35,112 (98.5)

43,420 (90.6)

31,506 (80.4)

68,583 (86.0)

237,179
(87.7)

Physician

7,163 (72.4)

12,951 (42.8)

692 (2.5)

717 (2.0)

12,687 (25.3)

24,383 (58.9)

48,871 (57.8)

107,464
(38.4)

Nurse/Midwife/HW

Birth attendant, N (%)

2,678 (27.1)

543 (1.8)

15,433 (55.4)

14,505 (40.7)

13,080 (26.1)

14,223 (34.4)

28,307 (33.5)

88,769 (31.7)

TBA

2 (0.0)

16,675 (55.1)

7,093 (25.4)

16,038 (45.0)

21,961 (43.7)

1,178 (2.8)

2,002 (2.4)

64,949 (23.2)

Family/Other

51 (0.5)

92 (0.3)

4,656 (16.7)

4,407 (12.4)

2,475 (4.9)

1,616 (3.9)

5,377 (6.4)

18,674 (6.7)

9,789 (98.9)

12,048 (39.8)

3,453 (12.4)

4,616 (12.9)

14,186 (28.3)

27,433 (66.3)

55,761 (66.0)

127,286
(45.5)

Clinic

15 (0.2)

1,367 (4.5)

13,482 (48.4)

10,245 (28.7)

12,296 (24.5)

10,933 (26.4)

20,777 (24.6)

69,115 (24.7)

Home/Other

93 (0.9)

16,846 (55.7)

10,939 (39.2)

20,805 (58.3)

23,730 (47.3)

3,031 (7.3)

7,976 (9.4)

83,420 (29.8)

Male

5,153 (51.8)

15,494 (50.9)

14,703 (52.8)

18,300 (50.7)

25,564 (52.7)

20,555 (52.3)

41,663 (52.0)

141,432
(51.9)

Female

4,797 (48.2)

14,948 (49.1)

13,142 (47.2)

17,796 (49.3)

22,975 (47.3)

18,763 (47.7)

38,506 (48.0)

130,927
(48.1)

Delivery location, N (%)
Hospital

Gender, N (%)

Birth weight (measured)
< 2500g

646 (6.5)

3,927 (13.0)

1,494 (5.4)

1,061 (3.0)

6,657 (14.7)

6,300 (16.1)

11,557 (14.5)

31,642 (11.9)

≥ 2500g

9,302 (93.5)

26,361 (87.0)

25,987 (94.6)

34,257 (97.0)

38,507 (85.3)

32,800 (83.9)

67,892 (85.5)

235,106
(88.1)

3286.1
(578.2)

2983.2
(469.1)

3119.0
(473.4)

3231.5
(486.7)

2915.1
(551.6)

2662.2
(418.8)

2746.4
(439.9)

2912.3
(517.5)

Mean (std)
TBA=traditional birth attendant
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The most striking differences among sites were the percent of women delivered by cesarean section, attendance
at delivery by a physician and delivery in a facility. The
associations of demographic and perinatal care characteristics with pregnancy outcomes are explored in other
manuscripts in this supplement [10,11,18-29].

Strengths and Limitations
The Global Network MNHR provides prospectively collected, population-based pregnancy outcome for defined
geographic regions within low- and middle-income countries. One of its strengths is the representative nature of
the MNHR, which reduces bias of facility-based registries. Additionally, because it is a prospective study, it
reduces some of the recall bias associated with periodic
surveys [30,31]. Additionally, the MNHR uses standardized definitions and methods across disparate sites
which allows for comparison. Finally, the large enrollment (approximately 70,000 annual pregnancies) allows
for precision in documentation of relatively rare events,
such as maternal mortality.
One of the limitations of the MNHR is the difficulty in
ensuring the inclusion of all pregnancies, and especially
those with early pregnancy loss. We acknowledge that
pregnancies resulting in miscarriages and terminations are
currently under-reported. Historically, at most sites,
enrollment in the MNHR has been at the time of the first
prenatal visit, and this was often after the first trimester.
Some sites are now using strategies to encourage earlier
initiation of prenatal care. It is hoped that this will result
in earlier registration. There is also the potential for nonenrollment of pregnancies that are managed outside of the
health care system. Despite this potential loss, we believe
that our enrolled populations approach 100% of all
women whose pregnancies reach the second trimester,
based on reviews at each site with other existing data. For
example, in a recent report from the Belgaum site, birth
rates reported by the MNHR were higher than projected
based on ministry data and other sources, indicating that
the surveillance for the MNHR was more comprehensive
than the available census data [10]. Some sites encounter
challenges in tracking the outcomes of pregnant women
who migrate in or out of the study clusters, for example
women who travel to the homes of their mothers at the
time of delivery. To address these challenges, numerous
systems have been developed and, through monitoring, a
relatively stable enrollment rate has been achieved at the
affected study clusters [11].
Some challenges exist in categorizing critical pregnancy
outcomes. For example, when birth occurs at home unattended by a skilled birth attendant, the proper classification of intrapartum stillbirth versus very early neonatal
death [14] and macerated versus non-macerated stillbirth
are particularly challenging [15]. Finally, determining
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accurate birth weights of certain groups of infants is difficult. The weight of stillbirths is often not possible to
obtain because weighing a dead infant is not culturally
acceptable in many communities. Acquiring an accurate
birth weight of a live-born infant delivered at home is
often difficult because the infant cannot be weighed within
a sufficiently brief period after birth. To overcome this
challenge, strategies have included home visitation and
providing village chiefs with scales [12].

Discussion and Conclusions
Developing public policy and improving public health in
countries with poor perinatal outcomes is, in part, dependent upon understanding the outcome of every pregnancy.
Because the worst pregnancy outcomes typically occur in
countries with limited health registration systems and vital
records, alternative registration systems may prove to be
highly valuable in providing data. One alternative is a survey system, such as the Demographic and Health Survey
(DHS). The DHS has conducted surveys in more than 90
low- and middle-income countries since 1984 [30]. It is
widely used for country comparisons but is handicapped
in this capacity because it is often adapted by individual
countries to suit national needs for specific data [31]. By
contrast, the MNHR has the advantage of using the same
data set, data gathering techniques and standard definitions across all sites. The MNHR also is an ideal tool for
evaluating the effectiveness of strategies of care because,
unlike with the use of periodic surveys, data is collected
continuously over time within the same population-based
cohort. This enables investigators to determine the impact
of interventions to improve outcomes, to monitor trends
over time, and to evaluate the changing patterns of perinatal care to inform health policy.
In this supplement, there are a series of manuscripts
that highlight the utility of the MNHR [10,11,18-27].
They include manuscripts that describe processes of
care that define the quality of antenatal care and major
pregnancy outcomes, both among all women enrolled in
the MNHR and in selected groups (e.g. adolescent
mothers). Finally, problems and outcomes unique to single sites are explored.
Site coordination teams
Argentina: Fernando Althabe, José M Belizán, Agustina
Mazzoni, Maria Luisa Cafferata, Mabel Berrueta, (Institute for Clinical Effectiveness and Health Policy), A
Ciganda (Clinical and Epidemiological Research Unit
Montevideo), Pierre M. Buekens (Tulane School of Public
Health and Tropical Medicine); Democratic Republic of
Congo: Antoinette Tshefu, Adrien Lokangako, (Kinshasa
School of Public Health); Melissa Bauserman, Carl L
Bose (UNC Chapel Hill); Guatemala: Ana Garces, Lester
Figueroa (Fundación para la Alimentación y Nutrición de
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Centro América y Panamá), K. Michael Hambidge,
Nancy F. Krebs (University of Colorado); India (Belgaum): Bhalchandra Kodkany, Shivaprasad S Goudar,
Sangappa M Dhaded, Narayan V Honnungar, Manjunath
S Somannavar, Sunil S Vernekar, Shivanand C Mastiholi,
Amit P Revankar (KLE University’s Jawaharlal Nehru
Medical College, Belgaum); Ashalata M Mallapur, Umesh
V Ramadurg, Geetanjali M Katageri (S Nijalingappa
Medical College, Bagalkot); Frances J. Jaeger, Richard J.
Derman (Christiana Care Health Services, Delaware);
India (Nagpur): Archana Patel (Indira Gandhi Government Medical College; Lata Medical Research Foundation), P. S. Kalsait, Kunal Kurhe, Patricia L. Hibberd
(Massachusetts General Hospital); Kenya: Fabian Esamai,
Irene Marete; Constance Tenge, Paul Nyongesa, Silas
Ayunga (Moi University School of Medicine), Edward A.
Liechty, Sherri Bucher (Indiana University); Pakistan:
Omrana Pasha, Sarah Saleem Farnaz Naqvi, Shiyam Sunder, Zaheer Habib (Aga Khan University), Neelofar Sami
(Willows Foundation), Margo Harrison, Robert L. Goldenberg (Columbia University); Zambia: Elwyn Chomba;
Musaku Mwenche (University of Zambia); Melody Chiwila (CIDRZ), Waldemar A. Carlo (University of Alabama at Birmingham); Data Coordinating Center:
Elizabeth M. McClure, Janet L. Moore Norman Goco,
Stephen D. Litavecz, Dennis D. Wallace (RTI International); Eunice Kennedy Shriver National Institute of
Child Health and Human Development: Marion KosoThomas, Menachem Miodovnik; Global Network Chair:
Alan H. Jobe (University of Cincinnati Children’s
Hospital).

Site field teams
Argentina: Ana Maria Dominguez; Tania Lima Pérez;
María José Pellegrini; Cristina Ganduglia; Rita Agüero;
Diego Espinosa; Lucas Urquiza; Andrea Barea; Daniela
Moreli; Belgaum, India: Ganapti V Lakkundi; Harsha S
Patil; SM Chowdappanavar; Sanjay S Siddannavar; V N
Kpasi; Satish P Malali; Ramesh Haller; Jagadish K Jingi; RS
Balikaj; MB Rayar; Vinod D Gasti; Mahesh J Kumbar;
Iranna I Kalli; Bhujabali D Yalagudri; N A Gotyal; Chandrakanth Sutar; Sukanya Handage; Anil Salagare; Ashok S
Kumbar; Salim A Mujawar; Laxmi B Herawade; B N PatIl;
Sheetal Ingle; Ravasab Sankaje; Uday S Kudachi; Shahid
Gadekai; Shivanand Mulakuri; Adivesh Munavalli; Dayanand Shirur; Rajendra K Kilabanur; Sanjay S Doddamani;
Santosh G Shettar; S V Melavanki; Shridhar S Pattar;
Kusuma Y Magi; Vikas B Parwatikar; P M Itagi; K F Mayachari; Venkanna Emmi; Basavraj S Madali; Vinayak Mhetre; Nagraj Khade; Tanaji Khade; Sachin Mastiholi; G S
Kengapur; B B Avoji; Democratic Republic of Congo:
Charles Kombi, Michel Kalonji; Kenya: Carolyne Chemweno; Guatemala: Evelyn Morales, Marta Lidia Aguilar;
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Nagpur, India: Jayant Shamkuwar, Ravi Petkar, Shashank
Ambhore, Atul Chopde, Nitesh Nikose, Atul Andelkar;
Pakistan: Zahid Soomro; Amirzadi Khaskheli; Irfan Karim;
Hussein Shaikh; Asma Amir; Samreen Gul; Rabia Samejo;
Fahmida Gul; Zambia: Royce Shamapu; Rosemary Sotelli;
Jessica Kapesa; Emmanuel Lwao; Lasco Ntanisha; Edwin
Cheelo; Mavis Liteta; Raymond Ngwenya; Martha
Katenga; Jean Mwanza; Shira Makwama ; Denis Kapamulomo ; Doreen Kadipa ; Carol Mubila ; Love Kasakula ;
Sara Mukula ; Eness Sappi ; Mwazi Sikalenge ; Salome
Lyanoonga ; Emilliy Muchimba
The study was funded by grants (U01HD040636,
U10HD078437,
U10HD076461,
U10HD076465,
U10HD076457, U10HD078439, U10HD078438, and
U10HD076474) from the Eunice Kennedy Shriver National
Institute of Child Health and Human Development of the
US National Institutes of Health.
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Bullous Variant of Familial Biphasic Lichen Amyloidosis: A Unique
Combination of Three Rare Presentations
Vijayalaxmi Veerabasappa Suranagi, Siddramappa BS, Hema Basappa Bannur, Prakash V Patil, Reshma S
Davangeri

Abstract
A 55‑year‑old man presented with multiple, itchy papules and macules on the trunk and
extremities. Histopathologic examination of biopsy specimens taken from three different
lesions showed a subepidermal blister with amyloid deposits in the dermal papillae.
No systemic disease or involvement of other organs was detected. The clinical and
histological findings were compatible with a bullous variant of lichen amyloidosis (LA).
Primary cutaneous localized amyloidosis usually presents with papular, macular or nodular
lesions. Bullous lesions associated with LA are very rare. Furthermore, patient had seven
other members in the family with similar lesions, which is also a rare occurrence. We
report a case with a rare combination of biphasic, bullous variant of familial LA.
Key Words: Biphasic, bullous lesion, familial, lichen amyloidosis, subepidermal bulla
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What was known?
1. Biphasic amyloidosis is coexistence of macular and lichen amyloidosis.
2.	Familial forms of primary localized cutaneous amyloidosis are rare and highlight the importance of genetic factors in the disease.
3.	Bullous lesions in amyloidosis are extremely rare, usually associated multiorgan involvement.

Introduction
Lichen amyloidosis (LA) is a chronic pruritic skin
disorder characterized by the deposition of amyloid in
the papillary dermis. Macular and LA are clinical variants
of primary localized cutaneous amyloidosis (PLCA).
Biphasic manifestation is not common.[1] Bullous variant
of LA is extremely rare and is usually associated with
multiorgan involvement.[2,3] Most cases are sporadic,
but approximately 10% of cases may be familial.[4] It is
important to screen for systemic amyloidosis with the
relevant investigations as it can present similarly with
blistering eruptions, in which the prognosis would be
grave.[5]

Case Report
A 55‑year‑old male, presented with 10‑year history
of persistent itchy lesions all over the body. Physical
examination revealed the presence of multiple,
discrete waxy papules on an erythematous base on
the lower back, thighs, legs and few on the arms.
Irregular, reddish‑brown, lace‑like macules were seen
Access this article online
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on the outer surface of the arms, back of the neck
and around the knees. Erosions and vesicles with
hyperkeratosis were intermingled with the lesions on
the extremities [Figure 1]. No oral lesions were present.
There was no other medical history of note. There was
no clinical evidence of systemic infiltration such as
organomegaly or macroglossia.

Investigations
Complete blood count (hemoglobin ‑ 12.6 g%, white blood
cell ‑ 5200 cell/cumm and platelets ‑ 1.8 lakhs), liver
function tests (serum glutamic oxaloacetic transaminase ‑
30 U/L, serum glutamic pyruvic transaminase ‑ 35 U/L,
total bilirubin ‑ 0.6 mg/dl and total protein ‑ 5.4), serum
creatinine ‑ 0.7 mg/dl, urine Bence Jones proteins ‑ absent
and protein electrophoresis ‑ no abnormality and
electrocardiogram ‑ normal; thus, confirming a lack of
systemic involvement.
A strong family history was obtained. Both of his
parents, one sister, two brothers and two of his father’s
brothers had a history of similar lesions. Eight members
of the same family were affected [Figure 2].
Histopathologic examination of skin biopsy specimens
showed a subepidermal blister with irregular acanthosis
and hyperkeratosis of the overlying epidermis. A few
eosinophils were found in the blister. Deposits of
eosinophilic, homogenous amyloid were visible in the
dermal papillae, which were confirmed on Congo red
staining. The deposits were not seen around blood
vessels or adnexal structures [Figure 3].
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mild effect on trunk lesions, although lesions on the
extremities responded poorly.

Discussion

b

a

Figure 1: (a) Multiple, discrete, waxy papules on an erythematous base on the leg,
with few vesicles. (b) Irregular, reddish‑brown, lace‑like macules on the arm

Figure 2: Pedigree chart: Eight members of the same family were affected. Blue
square‑male affected, blue circle‑female affected, white circle‑female unaffected,
M: Mother, F: Father, Pt: Patient

b

a

c

Figure 3: (a and b) Subepidermal blister with deposits of eosinophilic, homogenous
amyloid (arrows) in the dermal papillae (H and E, ×100). (c) Amyloid in dermal
papilla (Congo red stain, ×400)

Hence, it was concluded as a rare case of bullous variant
of familial biphasic LA. Potent topical steroid had a

PLCA is, by definition, amyloid deposition limited to
the skin and not associated with underlying systemic
illness.[6,7] This is more commonly observed in Asians,
South Americans and Middle Easterners, with the
Chinese being especially pre‑disposed.[7,8] There are
four main types of primary cutaneous amyloidosis
with distinctive clinical features: LA, macular
amyloidosis, nodular amyloidosis and amyloidosis cutis
dyschromica. Atypical variants include (a) familial
form, (b) bullous form, (c) diffuse biphasic amyloidosis
and (d) poikilodermic amyloidosis.[9] Concurrent LA and
macular amyloidosis in the same patient are termed
as biphasic amyloidosis. Unlike nodular amyloidosis,
amyloid deposits in all these variants do not involve
the whole span of the dermis and cases of progression
to systemic amyloidosis have not been reported.[9] In
cutaneous amyloidosis, amyloid precipitates can be
found in the papillary dermis. In contrast, in systemic
amyloidoses with cutaneous involvement, subpapillary
layers (stratum reticulare, subcutis), dermal appendages,
and blood vessels may also be involved.[8,10] Amyloid
globules can usually be visualized by light microscopy
but are enhanced by crystal violet, thioflavin S, or
Congo red stains. Under polarized light microscopy,
amyloid stained with Congo red assumes apple‑green
birefringence. On electron microscopy amyloid appears
as haphazard and wavy 6‑10 nm non‑branching
filaments.[6]
The notion is that LA and macular amyloidosis are likely
to be different manifestations of the same underlying
pathologic process.[6] The pathogenesis of LA includes
friction, genetic pre‑disposition and environmental
factors. Recent studies show that chronic scratching
and Epstein‑Barr virus infection is responsible for the
formation of LA.[11] Although the exact mechanism in
which bullae are formed remains unknown, trauma or
rubbing of her hands and feet appears to act as the
localized precipitating factor of blister formation in
bullous amyloidosis.[2] An increasing number of reports
in the literature that associate PLCA with various
autoimmune/immune disorders suggest that underlying
immune‑mediated factors may be implicated.[12] It may be
associated with progressive systemic sclerosis, systemic
lupus erythematosus, primary biliary cirrhosis, Sjogren’s
syndrome, diabetes mellitus other systemic diseases.[1]
Case reports on familial amyloidosis mainly originate from
South America, Taiwan, and Southeast Asia. In Caucasians,
hereditary cutaneous amyloidosis are very rare and, up to
now, only few family trees have been reported.[8,13,14] In
2006, Lee et al., reported on a genome‑wide screening of
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Taiwanese families and found evidence for a susceptibility
locus on chromosome 5 (5p13.1‑q11.2).[15] Mutations of
the oncostatin M receptor gene (chromosome 5p13.1)
have been detected in three families with amyloidosis
and in a Caucasian family with three cases of familial
primary cutaneous amyloidosis.[16] Mutations in the
interleukin‑31 (IL‑31) receptor A (IL‑31RA) gene encoded
on chromosome 5p, is also recently discovered in Taiwanese
families with primary familial cutaneous amyloidosis.[8,17]
Familial PLCA shows autosomal dominant inheritance, but
there is clinical and genetic heterogeneity and variable
clinical penetrance.[4]

artery with a view to finding effective treatment for this
type of cutaneous amyloidosis.

Besides the typical features of a classic LA, our case
showed bullous lesions histologically demonstrating
subepidermal blisters. Due to marked hyperkeratosis,
some bullous lesions were not very distinct clinically.
However, histological studies clearly demonstrated
amyloid deposits and a subepidermal blister.

3.

Although, bullous amyloidosis has been reported in
systemic amyloidosis, bullous lesions associated with LA
are very rare.[2] Almost all cases, previously described as
bullous amyloidosis are systemic amyloidosis. So far, only
eight cases without systemic involvement have been
reported.[5,2,18‑23] It is important to screen for systemic
amyloidosis with the relevant investigations as it can
present similarly with blistering eruptions, in which the
prognosis would be grave.[5]
Treatment of cutaneous amyloidosis usually yields
disappointing results. Most cases can be treated with
strong topical corticosteroids, normally for a short
period. Calcipotriol or phototherapy is of limited
use. Pigmentation has been reported to improve with
topical use of dimethyl sulfoxide.[1] Encouraging results
were reported with the use of Q‑switched Nd: YAG
laser (1064‑532 nm), without any side‑effects, patients
tolerating the pain of the laser treatment well.[1]
Scraping with the scalpel removes the epidermis and
deposits of amyloid in the dermis. This easy, quick
and simple technic has been described and used to
remove the lesions in nine patients where they healed
without complications with acceptable to good aesthetic
results.[24]

Conclusion
Our case report reveals that eight members within two
generations of the same family were involved. This case
is reported for its rare combination of three unusual or
an extremely rare presentations occurring in a single
case that is a case of Primary cutaneous localized
amyloidosis, which is familial a bullous variant and has a
biphasic presentation.
It also highlights the need for further studies to
elucidate the etiopathogenesis of posterior cerebral

What is new?
An extremely rare and unique presentation: A familial, biphasic, bullous variant
of LA.
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intact cholec!ochal cyst }dith spcnran.:oL!s LoninrrrF [-lspuric Duct
Perfoi'at3on: A Spectrum of Ccngenital giliary Canal Defecis?
santosh B. Kurbet, Gowda P. Prashanth, Vishwanath D. patil, and Rajashekhar
N,l. Wali. KLE University's Jawahar!al Nehru Medical College, Belgaum,
Karnataka, lndia.

A 3-month-old girl admitted for lower respiratory infection developed
constipation and abdominal distension 3 days later. On examination, she had mild
abdominal distension with absent bowel sounds. Abdominal sonography showed a
normal biliary tract and pancreas. Computed tomography of abdomen revealed minimal
localized fluid collection in tlre right upper quadrant. Abdominal paracentesis done 24
hours later revealed bile-stained ascitic fluiC. Exploratory laparotomy on the same day
revealed intact cystic dilation of cornmon bile duct (type 1). Operative cholangiography
revealed leakage of contrast from the distal common hepatic duct with a 1-;,
perforation that was sutured securely (Fig. 1).
CASE REPORT :

J

l-

::

Complete excisicn of the cyst, cholecystectomy, Roux-en-y hepatojejunostomy,
and
jejunojejunostomy were performed (Fig. 2).

Both spontaneous bile duct perloration and eommon hepatic duct perforation
are rare
in children (1). The unusual combinalion of cornmon hepaiic duct perforatlon
coexisting
t'vith an inlacl chclecJochal cyst has not b:an reporiecl previously.
pres3niaiions
Ciinic:l

of sponianectls pei"foratior of bile cluct ani chol:.,loch.rl cysi

ar-e simil.ri-. Ou;- case
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Case Report

Rhinocerebrocutaneous mucormycosis caused
by Mucor species: A rare causation
Snehal Balvant Lunge, Vijaya Sajjan, Ashok M. Pandit, Vaibhav B. Patil1
Departments of
Dermatology and
1
Medicine, Jawaharlal
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ABSTRACT
Rhinocerebral mucormycosis is the most common form of mucormycosis occurring commonly in patients of
diabetic ketoacidosis. Fungi of the order Mucorales belong to six families, among whom Rhizopus is the most
common, while Mucor is a rare cause. We report a 45‑year‑old female with uncontrolled diabetes mellitus
diagnosed to have rhinocerebrocutaneous mucormycosis caused by Mucor species. The diagnosis was confirmed
on histology and culture. A high‑index of suspicion is required for early diagnosis and timely initiation of therapy
to optimize the outcome. Our patient succumbed to her infection.
Key words: Mucor species, mucormycosis, uncontrolled diabetes
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Mucormycosis represents a group of
life‑threatening infections caused by fungi of the
order Mucorales. It is highly invasive and rapidly
progressive resulting in high rates of morbidity
and mortality. Rhinocerebral mucormycosis is
most commonly associated with diabetes and
immunosuppressive states. The initial symptoms
are nonspecific. The infected tissue appears to
be normal during the early stage of infection and
progresses through the erythematous phase
before the onset of violaceous discoloration and
finally a black necrotic eschar.

CASE REPORT
A 45‑year‑old married woman presented with
complaints of rapidly spreading black lesion near
the right side of the nose. Patient denied history of
foul smell and purulent discharge from the nose.
There was no history of trauma, headache, pain
in the eye, or seizures. She was a diagnosed
case of diabetes mellitus on irregular treatment
with oral hypoglycemic drugs and insulin therapy
since four years. There was a history of previous
hospitalization on three occassions for diabetic
ketoacidosis. At the time of admission, patient
was conscious and oriented to time, place and
person. She was afebrile and had no significant
lymphadenopathy. Mucocutaneous examination
revealed a single, well‑defined, erythematous,
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edematous plaque with black necrotic central
eschar measuring 5 cm × 3 cm involving the
right side of the nose, nasolabial fold, and malar
region [Figure 1]. On oral examination black
necrotic eschar measuring 2 cm × 2 cm involving
the right side of hard palate was seen [Figure 2].
Nasal mucosa revealed right middle turbinate
hypertrophy. Systemic examination including
central nervous system was normal. Based on
the clinical examination findings, a differential
diagnosis of mucormycosis and aspergillosis
was considered. The fasting blood glucose
was 120 mg/dl and hemoglobin A1c was 15%,
representing very poor diabetic control. The
patient was seronegative for HIV and hepatitis
B surface antigen. All other hematological and
biochemical investigations were within normal
limits. Examination of the tissue smear on 10%
KOH mount revealed aseptate right angled
hyphae. Fungal culture with Sabouraud’s
dextrose agar at 37°C showed cotton wool like
colonies of Mucor species [Figure 3]. Lactophenol
cotton blue preparation showed mature sporangia
of Mucor species [Figure 4]. Histopathology was
suggestive of mucormycosis. The organism
appeared as eosinophilic, thick‑walled aseptate
hyphae with neutrophilic infiltrates; a few of
them appeared hollow on cross‑section in the
dermis and subcutaneous tissue [Figure 5].
Tissue Gomorri’s methenamine silver (GMS)
stain revealed dark brown colored hyphae
suggestive of mucormycosis [Figure 6]. Chest

189

[Downloaded free from http://www.idoj.in on Thursday, November 5, 2020, IP: 182.48.231.222]

Lunge, et al.: Rhinocerebrocutaneous mucormycosis

Figure 2: A single well-defined black necrotic eschar with slough on
the hard palate
Figure 1: A single well-defined black necrotic eschar measuring 5 cm
× 3 cm over the right maxillary region

Figure 3: Sabouraud’s dextrose agar showed cotton wool like colonies
of Mucor

Figure 4: Lactophenol cotton blue preparation showed mature
sporangia of Mucor species

radiograph was normal. Magnetic resonance imaging of the
brain showed mild edema of the extraocular muscles in the
medial aspect with increased soft tissue thickness over the
right orbital region. There was evidence of mucosal thickening
in the right maxillary, frontal, sphenoid sinuses, and ethmoidal
air cells suggestive of sinusitis. There was minimal mucosal
thickening and subcutaneous edema involving the right
maxillary sinus [Figure 7]. Tablet voriconazole 200 mg twice
daily for 5 days was started by the consulting physician, but
showed no improvement; injection liposomal amphotericin‑B
was started at an initial dose 0.5 mg/kg/day, accelerated
upto 5 mg/kg/day. However, the patient succumbed possibly
because of rapid systemic progression of the infection.

Mucorales in the subphylum mucormycotina. Mucorales
are saprophytic fungi characterized by broad, nonseptate,
thick‑walled hyphae found in the environment, particularly grow
in soil, decaying wood and vegetable matter.[1,2] The infections
caused by the Mucorales are most accurately referred to as
mucormycoses.

DISCUSSION
Mucormycosis represents a group of life‑threatening infections
caused by fungi of the order Mucorales. Recent reclassification
has abolished the class zygomycetes and placed the order
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Fungi of the order Mucorales belong to six families, all of which
can cause mucormycosis. Among them, Rhizopus oryzae is
the most common cause of infection. Other species of the
Mucoraceae family that cause a similar spectrum of infections
include Rhizopus microsporus, Rhizomucor pusillus, Mycocladus
corymbifer, Apophysomyces elegans, and Mucor species, which
despite its name is a rare cause of mucormycosis.[3]
Mucormycosis is manifested as rhinocerebral, pulmonary,
gastrointestinal, cutaneous and disseminated type.
Rhinocerebral form is the most common form and is fulminant
in immunocompromised patients like those with diabetic
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Figure 5: Eosinophilic, thick-walled aseptate hyphae with neutrophils,
few of them appear hollow on cross section (H and E, ×40)
Figure 6: Similar section of tissue showed prominent fungal hyphae
with special stain (GMS, ×40)

Rhinocerebral mucormycosis is a fulminant infection of the
nasal mucosa that quickly spreads to contiguous structures
such as palate, paranasal sinuses, orbit, face and brain.[5] In
our patient, it presented as black necrotic eschar involving right
side of the nose, malar area, nasolabial fold, nasal mucosa,
and hard palate.

Figure 7: Magnetic resonance imaging of brain showed mild edema
of extra ocular muscles in the medial aspect with increased soft tissue
thickness in the orbital region over the right side. There was evidence of
mucosal thickening in the right maxillary, frontal, sphenoid sinuses and
ethmoidal air cells suggestive of sinusitis. There was minimal mucosal
thickening and subcutaneous edema of the right maxillary sinus

ketoacidosis. The most commonly found genera in human
diseases are Rhizopus, Mucor, and Rhizomucor. Rhizopus
arrhizus is one of the most common species isolated from
patients in a 10‑year study of mucormycosis in India.[4]
According to the literature review, mucormycosis caused
by Mucor species is rare.[1] There were 361 cases reported
by Espinel–Ingroff et al., 156 of which were identified
(129 Mucorales and 27 Entomophthorales). Among them,
Rhizopus spp. was the most frequent (95 cases) followed by
Mucor spp. (19 cases).[5]
Indian Dermatology Online Journal - May-June 2015 - Volume 6 - Issue 3

Mucormycosis is ubiquitous in nature. Light microscopy shows
hyphae that are broad and nonseptate. When the spores
are converted into hyphae, they invade and spread through
the paranasal sinuses into the brain and orbit. Extension of
these hyphae along blood vessels is followed by invasion
and thrombosis.[6‑8] It has a high mortality rate of 20-100%.
The portal of entry is the nasal mucosa. Thereafter the fungal
hyphae spread through the paranasal sinuses and into the
blood stream and rapidly spread to other organs, leading to
death. In the blood vessels, hyphae forms thrombi which reduce
vascularity to the tissues and form a necrotic eschar.[8‑11]
There is a close histopathological resemblance between the
fungal hyphae of mucormycosis and aspergillosis, the main
difference being hyphae of Mucor are nonseptate and branch
at right angles whereas the hyphae of Aspergillus are septate,
smaller and branching at more acute angles.[12] In our case,
the characteristic fungal morphology of mucormycosis was
identified on hematoxylin and eosin stain and confirmed by
GMS stain. In addition, fungal culture also grew Mucor species.
Our patient was a case of uncontrolled diabetes mellitus since
four years, and presented with a necrotic plaque extending
from right maxillary region to the hard palate. The diagnosis
of mucormycosis was based on clinical examination, fungal
culture and histopathology. Management included surgical
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resection of the eschar, and amphotericin B (0.5-5 mg/kg/day
intravenous) along with diabetic control measures. Despite
these medications, the patient died of infection within a span
of 15 days.

4.

CONCLUSION

6.

It is important to rule out mucormycosis in diabetic patients, as
early diagnosis and treatment can reduce the morbidity and
mortality. Delay in management often leads to a fatal outcome.
A combination of surgical debridement with amphotericin B
remains the mainstay of treatment.
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Chromophobe renal cell carcinoma:
Comprehensive analysis of 11 cases
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ABSTRACT
Background: Chromophobe renal cell carcinoma (chRCC) is a subtype of RCC. chRCC is diagnosed mainly in sixth decade of life. An incidence
of chRCC is similar in both men and woman. Eighty‑six percent of chRCCs cases are diagnosed in early stages. To analyze the clinical behavior
of chRCC, we retrospectively evaluated the data from our hospital. The aim of this study was to evaluate the incidence, clinical presentation,
prognosis, and clinical outcome of chRCC in a retrospective series of nephrectomy specimens. Materials and Methods: We retrospectively
looked at our hospital database, which included 318 patients who had undergone surgery for RCC between January 2000 and December
2013. Several parameters were noted in each patient, which included age, sex, symptoms at presentation, Eastern Cooperative Oncology
Group performance status, tumor diameter, tumor node metastasis stage and grade, histologic cell type, follow‑up time, local recurrence,
disease progression, and death. Results: Of 318 patients included in the database, 11 (3.45%) had chRCC. Preoperatively, 9 (81%) had T1
lesions, and the remaining 2 (18.9%) had T2 lesions. Of the T1 lesions, 6 had tumors ≤4 cm (T1a) in diameter and the remaining 3 had
tumors >4 cm (T1b) in diameter. The mean survival of the patients was 99.27 ± 27 months. Conclusions: Our series confirms a favorable
outcome for the chRCC subtype with little local aggressiveness and a low propensity for progression and death from cancer.

Key words: Chromophobe renal cell carcinoma, metastatic renal cell carcinoma, renal cell carcinoma

INTRODUCTION
Renal cell carcinoma (RCC), accounts for 2-3% of all adult
malignant neoplasms and is the most lethal of all common
urological cancers.[1] RCC is primarily a disease of the elderly
patient, with the typical presentation in the sixth and seventh
decades of life.[2,3] The majority of cases of RCC are believed
to be sporadic and only 2% to 3% are familial.[4] All RCCs
are, by definition, adenocarcinomas, derived from renal
tubular epithelial cells.[1,2] Most RCCs share ultra‑structural
features, such as surface microvilli and complex intracellular
junctions, with normal proximal tubular cells, and are
believed to be derived from this region of the nephron.[1]
The 2004 World Health Organization classification of
RCC recognized several subtypes of RCC. Most common
Access this article online
Quick Response Code:

Website:
www.ccij‑online.org

DOI:
10.4103/2278-0513.149023

subtypes are: Clear cell RCC (70%), papillary RCC
(10-15%), chromophobe RCC (chRCC) (4-6%), collecting
duct carcinoma (about 1%) and unclassified RCC (4-5%).[5,6]
chRCC was first described by the ones and colleagues in
1985[1] and were a distinctive histologic subtype of RCC
that appears to be derived from the cortical portion of
the collecting duct.[1,7] The tumor cells typically exhibit
a relatively transparent cytoplasm with a fine reticular
pattern that has been described as a “plant cell” appearance.
A perinuclear clearing or “halo” is typically found,
and electron microscopic findings consist of numerous
150-300 nm microvesicles, which are the single most
distinctive and defining feature of chromophobe cell
carcinoma.[8,9] These microvesicles characteristically stain
positive for Hale colloidal iron, indicating the presence of
a muco‑polysaccharide unique to chRCC.[10] Most chRCCs
also stain positive for various cytokeratins and most are
negative for vimentin.[11] Genetic analysis has revealed
multiple chromosomal losses, most frequently the whole
chromosomes 1, 2, 6, 10, 13, 17, and 21, and flow cytometric
analysis has demonstrated hypodiploid DNA content in
most cases.[12,13]
We retrospectively reviewed our series of patients with
RCC and in particular chRCC. The aim of this study was
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to evaluate the incidence, clinical presentation, prognosis,
and clinical outcome of chRCC in a retrospective series
of nephrectomy specimens. Our study does not involve
comparison of chRCC with other variants as there is not
much data present.

MATERIALS AND METHODS
We retrospectively looked at our hospital database which
included 318 patients who had undergone surgery for RCC
between January 2000 and December 2013. The clinical
charts were retrospectively reviewed. Patients with von
Hippel–Lindau disease and those requiring hemodialysis
were not included in this study. The pathologic stage
and grade were assigned in accordance with the latest
tumor node metastasis (TNM) staging.[1,2,6] Tumor size was
determined from the pathologic specimens as the greatest
diameter in centimeters. The Heidelberg classification was
used to stratify the histologic subtypes.[1,2,5,6] The general
health status was measured using the Eastern Cooperative
Oncology Group (ECOG) performance status score. For
statistical analysis, patients were stratified by an ECOG
performance status of 0 versus 1 or more.
Several parameters were noted in each patient, which
includes age, sex, symptoms at presentation, ECOG
performance status, tumor diameter, TNM stage and
grade, histologic cell type, follow‑up time, local recurrence,
disease progression, and death. At the most recent follow‑up
visit, the vital status was evaluated and described as
alive (no evidence of disease or disease progression),
deceased (by disease, of any other cause with or without
evidence of disease, and by any treatment complication).
The patient presentation was categorized as incidental
or symptomatic. All patients underwent preoperative
computed tomography scan of the kidney ureter and
bladder region and chest X‑ray. During the follow‑up
period, the patients underwent a physical examination,
routine laboratory evaluation, and imaging studies every
6 months for the 1st year and yearly thereafter. Data from
patients lost to follow‑up were actualized by contacting
relatives. The survival rates were determined using the
Kaplan–Meier method and were calculated using the date
of surgery to the date of death or last follow‑up.

Of the 11 patients, 8 (72.7%) were asymptomatic at diagnosis,
3 (27.3%) presented with local symptoms related to a
renal mass (hematuria, pain), and 2 (18.18%) complained
preoperatively of systemic symptoms (fever, generalized
weakness). The asymptomatic tumors were detected by
abdominal ultrasonography or computed tomography. At
the time of presentation, all patients had ECOG performance
status of 0. Preoperatively 9 (81%) had T1 lesions, and
the remaining 2 (18.9%) had T2 lesions. Of the T1 lesions,
6 had tumors ≤4 cm (T1a) in diameter and the remaining
3 had tumors >4 cm (T1b) in diameter. All patients[6] with
incidentally diagnosed T1a lesions underwent partial
nephrectomy whereas the remaining five underwent radical
nephrectomy. Histopathological examination confirmed
the chromophobe variety of RCC. The microscopic features
were classical. Resected lymph nodes did not show
evidence of metastasis in any of the patients. Surgical
margins were clear. None of the patients had any major
intra/postoperative complications.
The mean follow‑up of the patients is months. During
this period, none of the patients had local recurrence
of the disease, whereas the two patients (18%) with T2
disease developed distant metastases, one in the chest
and the other in bony pelvis and left femur. Both these
patients died 12-15 months following diagnosis of the
metastases. Both the patients did not receive any further
treatment for metastasis as the patients/attenders could not
afford treatment with sumitinit/sucfinit/pazopanile. One
other patient who neither had local recurrence or distant
metastases died due to noncancer cause [Figure 1]. The
mean survival of the patients was 99.27 ± 27 months. All
the eight patients surviving to date (December 2013) have
ECOG performance status of 0.

DISCUSSION
Renal cell carcinoma is a heterogeneous disease, comprised
of different histological variants with distinct clinical

RESULTS
Of 318 patients included in the database, 11 (3.45%) had
chRCC 4 (36.36%) were men and 7 (63.63%) women. The mean
patient age was 59.36 ± 6.65 years (range: 54-76). The tumor
was located in the right kidney in six patients (54.5%) and
in the left kidney in 5 (45.5%), no familial or bilateral disease
was observed. None of the tumors showed multifocality.

Figure 1: The graph showing the survival probability of patients alive and death
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course, genetic changes and response to systemic treatment.
chRCC comprise 5% of all the cases of RCC. The mean
age of occurrence is in the fifth decade, with a range of
27-86 years, more commonly observed in women (52%)
than in men (48%).[14] chRCC are usually located in the
renal cortex. Presence of cystic areas as well as multifocality
(10% to 12%) is usually rare.[14] Most of the cases present
early and are diagnosed to have either stage I or II lesions.
Renal vein invasion is seen in 5% of cases and incidence
of metastatic disease is 6-7%. The most common sites of
metastases are liver (39%) and lung (36%).[14]
Macroscopically, chRCC are well‑circumscribed highly
lobulated solid neoplasms. Microscopic features are
[Figure 2a and b] that of a solid tumor, at times tubulocystic,
with broad fibrotic septa. In general two different types of
tumor cells are present in varying proportions. The first type
includes pale polygonal cells with abundant transparent
cytoplasm and prominent cell membranes.[14,15] These cells
are admixed with a second population of smaller cells
with granular and eosinophilic cytoplasm. The nuclei
of both appear irregular. Binucleation and perinuclear
halos are commonly seen.[14,16] There are different variants
of chRCC according to the proportion of cells. The
eosinophilic variant (>80% eosinophilic cells) shares certain
characteristics with oncocytomas (nested, alveolar or sheet
like architecture with eosinophilic granularity, perinuclear
clearing and peripheral accentuation of cytoplasm). This
type is often bilateral (11%) and multifocal (22%). The
classic type (>80% pale cells) is associated with necrosis
and sarcomatoid changes (aggressive tumors with a high
potential for distant metastases). Mixed chRCC have
variable architecture.[17]

Cindolo et al. [21] retrospectively analyzed the clinical
behavior of chRCC, from a database of 3228 patients
who underwent surgery between 1986 and 2002 in six
European centers. Of the 3228 patients, 104 (3.2%) affected
by chRCC were identified. The mean age at diagnosis was
57.6 years (range: 22-83). Of the 104 patients, 51 (49%) were
men, and 53 (51%) were women. The mean tumor size
was 6.4 ± 3.6 cm. An incidental diagnosis accounted for
61.5% of the cases. Radical nephrectomy was performed in
88 patients (85%). After a median follow‑up of 38 months
(mean 44, range: 1-153), no local recurrence was observed.
The 5 years overall survival rate for chRCC was 81%. Of the
104 patients, 5 (4.8%) and 9 (8.6%) died of unrelated causes
and renal cancer, respectively. However, the authors did not
find any incidence of familial or inherited tumor.
Przybycin et al.[22] studied 203 consecutive primary chRCCs
resected at their institution. Over median follow‑up
of 6.1 years (range: 0.1-18 years), 5 years and 10 years
disease specific events occurred in 3.7% (95% confidence
interval [CI]: 1.5%, 7.4%) and 6.4% (95% CI: 2.7%, 12.2%)
patients. Outcomes showed a significant association with
tumor size, small vessel invasion, sarcomatoid features
and microscopic necrosis (P ≤ 0.05 each). On the basis
of their long‑term follow‑up the authors concluded that
chromophobes seemed to have better clinical outcomes than
those reported for clear cell and papillary RCCs.

Figure 2: (a) H and E, ×10 image-shows mixture of classic (chromophobic)
and eosinophilic cells, with distinct cytoplasmic borders, perinuclear halos, and
nuclear “raisins.” (b) ×40 chromophobe renal cell carcinoma stains positive for
Hale colloidal iron and demonstrate multiple microvesicles

In 1995, Akhtar et al.[23] reported that 19% of the chRCCs were
incidentally diagnosed. By contrast, Peyromaure et al.[24]
recently described 68.8% rate of incidental chRCC. In our
series, 64% of the patients had no symptoms related to a
kidney tumor at diagnosis. This finding could be explained
by the large proportion of patients with low‑stage tumors
and the widespread use of noninvasive imaging techniques.
In our series to the incidence of incidentally diagnosed
chRCC was %. Several recent reports have confirmed good
prognosis as well as survival rates in patients with chRCC.
Cheville et al.[6] and Beck et al.[25] showed that the 5 years
cancer‑free survival rate was 86.7% and the disease‑free
survival rate was 80.1%. Cindolo et al.[21] reported a 3 years
and 5 years overall survival rate for chRCC of 94% and
81%, respectively (mean follow‑up 44.2 months). Compared
with other variants of RCC, chRCC showed a better
prognosis (at last follow‑up, 91.3% of the patients were
alive without evidence of disease) with very low rates of
progression and cancer‑related death. The cancer‑related
death rate was 22%, 16%, and 8.6% for clear, papillary, and
chRCC in their series with the same follow‑up. This was
because more than 70% of patients had organ‑confined
disease (stage T2 or less) and more than 60% of tumors
were well or moderately differentiated. Moch et al.[26] and
Cheville et al.[6] considered the percentage of histologic
tumor necrosis also of prognostic value.
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Birt–Hogg–Dube syndrome is an autosomal dominant
condition characterized by a familial tendency to develop
multiple cutaneous fibrofolliculomas and trichodiscomas
of the hair follicle.[1,18] Several studies have reported a
predisposition for these families to develop multifocal or
bilateral renal cancer, particularly chRCC.[1,18‑20]

a

b
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In our series too patients with chRCC presented with
low‑grade and low‑stage disease and there was disease
progression seen in only 18%. None of the patients exhibited
bilateral disease, nor any patients had metastatic disease at
presentation.

CONCLUSIONS
Our study confirms a general favorable outcome for
chRCCs, which are predominantly low‑stage and low‑grade
tumors. These tumors had little local aggressiveness, as
well as a low propensity for progression and death from
cancer. Metastasis at diagnosis and disease progression after
nephrectomy is rare. A radical surgical approach remains the
reference standard therapy, but nephron‑sparing techniques
are also associated with good outcome, especially for those
patients with a well‑documented resectable mass.
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Abstract
Background: Pragmatic and adaptive trial designs are increasingly used in quality improvement (QI) interventions
to provide the strongest evidence for effective implementation and impact prior to broader scale-up. We previously
showed that an on-site coaching intervention focused on the World Health Organization Safe Childbirth Checklist
(SCC) improved performance of essential birth practices (EBPs) in one facility in Karnataka, India. We report on the
process and outcomes of adapting the intervention prior to larger-scale implementation in a randomized controlled
trial in Uttar Pradesh (UP), India.
Methods: Initially, we trained a local team of physicians and nurses to coach birth attendants in SCC use at two
public facilities for 4–6 weeks. Trained observers evaluated adherence to EBPs before and after coaching. Using
mixed methods and a systematic adaptation process, we modified and strengthened the intervention. The
modified intervention was implemented in three additional facilities. Pre/post-change in EBP prevalence
aggregated across facilities was analyzed.
Results: In the first two facilities, limited improvement was seen in EBPs with the exception of post-partum
oxytocin. Checklists were used <25 % of observations. We identified challenges in physicians coaching nurses,
need to engage district and facility leadership to address system gaps, and inadequate strategy for motivating
SCC uptake. Revisions included change to peer-to-peer coaching (nurse to nurse, physician to physician); strengthened
coach training on behavior and system change; adapted strategy for effective leadership engagement; and an explicit
motivation strategy to enhance professional pride and effectiveness. These modifications resulted in improvement in
multiple EBPs from baseline including taking maternal blood pressure (0 to 16 %), post-partum oxytocin (36 to 97 %),
early breastfeeding initiation (3 to 64 %), as well as checklist use (range 32 to 88 %), all p < 0.01. Further adaptations
were implemented to increase the effectiveness prior to full trial launch.
Conclusions: The adaptive study design of implementation, evaluation, and feedback drove iterative redesign and
successfully developed a SCC-focused coaching intervention that improved EBPs in UP facilities. This work was critical
to develop a replicable BetterBirth package tailored to the local context. The multi-center pragmatic trial is underway
measuring impact of the BetterBirth program on EBP and maternal-neonatal morbidity and mortality.
Trial registration: Clinical trials identifier: NCT02148952.
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Background
Reducing the quality gap between the knowledge of
effective interventions and care delivered often takes
complex interventions requiring change in individual
behavior, leadership, and systems [1]. However, rigorously testing the effectiveness of these types of quality
improvement (QI) interventions through randomized
controlled trials in real-world settings is challenging,
particularly where control of key contextual factors is
limited [2]. Pragmatic and adaptive trial designs are
increasingly being used to study QI interventions to
provide the strongest evidence for impact prior to
broader scale-up [3–7]. Integrating these approaches
into the overall study design ensures ongoing learning
on where local adaptation of the intervention or strategy processes is needed before or during the implementation of the trial [8].
Unacceptably high rates of maternal and neonatal
morbidity and mortality persist in many resourcelimited settings (RLS), despite efforts to achieve the
Millennium Development Goals through increasing
uptake of facility-based deliveries [9–11]. Much of
this suffering is preventable, yet there remains an implementation gap between what we know works and
the care received by women in labor and their infants
in these facilities [12, 13]. Ensuring that these women
and infants receive essential birth practices (EBPs)
known to prevent or manage complications during facility-based deliveries is a critical step towards achieving
the needed reduction in harm [14]. However, to achieve
large-scale impact, effective scalable solutions are needed.
The World Health Organization (WHO) Safe Childbirth
Checklist (SCC) is designed to help birth attendants
remember EBPs at four critical pause points (PP) in the
delivery process: (1) at admission, (2) just prior to delivery,
(3) in the immediate post-partum period, and (4) prior to
discharge [15]. This tool, when implemented effectively,
has the potential to contribute to ongoing work to improve facility-based quality through scalable solutions and
reach the goals of improved maternal and neonatal health.
The theoretical framework underlying the implementation
approach was based on the successful design of the Safe
Surgical Checklist interventions [16]. This work found
that success required the following: (1) leadership engagement and commitment, (2) focused introduction of the
checklist to end-users including understanding of existing
quality gaps and benefits in addressing preventable causes
of harm, (3) support through coaching to ensure ongoing
use and sustainability, and (4) ongoing monitoring and
feedback on intervention uptake and behavior change.
Previously, we showed that an on-site coaching intervention focused on the use of the SCC-improved performance of EBPs in a single facility in Karnataka, India
[17]. Some of the contextual factors critical to success
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included the strong systems in the hospital (adequate
supplies and staffing), strong on-site leadership committed to improvement, which provided coaching to the
front-line birth attendants, and a local SCC champion.
We planned to test the ability of the SCC program to
not only change behavior but also save lives by studying
the impact using a pragmatic and adaptive randomized
controlled effectiveness trial design in a larger number
of facilities in Uttar Pradesh. We chose a pragmatic
study design to determine if change in behavior can lead
to reduction in mortality and morbidity in a “real world”
setting. We also recognized that, similar to other complex interventions tested in resource-limited settings,
there would be important contextual factors in Uttar
Pradesh (UP) such as variability in on-site leadership to
champion the SCC and gaps in supplies and staffing that
could limit the ability to change birth practices. Therefore, an adaptive design was incorporated to allow for
the context-driven changes in implementation that
would likely be needed.
We included an adaptive design approach during the
learning phase to test and modify aspects of the intervention package prior to scale-up through the largescale trial. The BetterBirth toolkit was designed to contain all of the components identified as critical for replicating effective programs including an implementation
package, training, facilitation (coaching), evaluation, and
plans for sustainability [4]. The adaptation focused on
ensuring that the core functions remained, but how they
were implemented (the processes) reflected the contextual factors of the sites in Uttar Pradesh. The intervention was designed to be scalable within existing systems
and so provides no clinical skill training or supplies.
Following adaptive study design, the process for refining
the toolkit was guided by performance measurement of
behavior change and by qualitative feedback on feasibility,
contextual barriers, and acceptability during revision-andtesting cycles prior to full study rollout. Here, we describe
the process and results of intervention adaptation to
create a replicable package designed to drive behavior and
system change prior to launching the larger pragmatic
randomized control trial.

Methods
Study aims

The primary outcomes of this adaptive phase of the
study was the successful adaptation of the intervention
design resulting in change in essential birth practices in
the pilot facilities prior to scale-up in the randomized
control study. The secondary outcome was to describe
the contextual factors and resulting changes to facilitate
any further context-related adaptations identified as
needed during the full-scale trial.
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Study sites

Uttar Pradesh is a state in Northern India. Rates of maternal and neonatal morbidity and mortality are high,
with estimated maternal mortality rates of 258/100,000
live birth and neonatal mortality of 49/1000 [18]. Auxiliary nurse midwives and staff nurses provide the majority of delivery services, supported as needed by the head
of the facility, typically a physician for complicated cases.
Most health centers do not provide full management of
these cases but provide Basic Emergency Obstetric and
Neonatal Care (BEmONC) with referral to a district
women’s hospital equipped to provide Comprehensive
Emergency Obstetric and Neonatal Care (CEmONC) including Cesarean sections.
Following initial adaptation of the intervention as
tested in Karnataka, the BetterBirth program (phase I)
was implemented in two health center-level facilities.
After the second adaptation, we re-tested the intervention in two health centers and one district women’s hospital (phase II). Based on lessons learned from phase I,
only facilities with a minimum of three trained nurse
birth attendants and observation data were eligible for
inclusion in results for phase II.
The checklist

The WHO Safe Childbirth Checklist format (four pause
points: admission, immediately before delivery, within
1 h post-delivery, and before discharge) was unchanged,
but content was modified to reflect national guidelines
and local context [17, 19].
Intervention package phase I

The initial BetterBirth package was built on the Karnataka study intervention approach with adaptation to reflect identified contextual differences in Uttar Pradesh
[17]. For example, in Uttar Pradesh, there was no preexisting leadership at facilities for the intervention,
weaker supply chain for essential birth supplies (EBS),
and lower staffing levels (Table 1). Modifications included explicit engagement of facility leadership through
site visits and educating staff involved in childbirth in a
3-day training focused on the burden and causes of maternal and neonatal morbidity and mortality and the use
of the checklist to ensure delivery of essential birth practices. The training concluded with an official launch of
the checklist including hanging of large posters of each
pause point at the location where the specific birth practices were provided. Checklist use was then supported
by a coaching team led by a physician and including
nurses trained in delivery practices. The team visited the
facilities every 1 to 2 weeks for 4–6 weeks to encourage
uptake by birth attendants and help them identify and
address barriers preventing their performance of the
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EBPs. Focusing on sustainability, supplies were not provided as a part of the intervention.
Data sources
Essential birth practices observation

Trained nurse observers captured birth attendant behavior of EBPs and use of the SCC during the first three of
the SCC pause points using a standardized data collection tool. Data from the EBP observation was collected
on paper and entered into a database. Pre-intervention
data were collected prior to the coaching intervention
for approximately 4 weeks. Post-intervention data were
collected from 4 to 12 weeks after the coaching intervention was initiated. The trained nurse observers did
not interact with the birth attendants or patients before,
during, or after the observations.
The initial phase was modeled on a quality improvement small test of change, so no initial sample size was
used. For phase II, observations were done for 4–8 weeks
to limit the duration of coaching being evaluated. Using
a post hoc power calculation, in the initial adaptation,
we had 80 % power to detect a 25 % change in behavior.
In the second adaptation, we had 80 % power to detect a
10 % change in behavior.
Qualitative data
Better birth program documents

Documentation of modifications made to the intervention was gathered through review of BetterBirth program
documents. These included the study protocol and
modifications, reports to Scientific Advisory Board, and
the coaching visit tracker. Interviews with coaches,
facility staff, and the implementing team were conducted
to identify priorities and barriers as part of program
improvement.
Data analysis

Interview results were used to prioritize areas where
intervention change was needed. Program documents
were reviewed, and the implementation team interviewed to confirm changes made during the adaption
phases. Prevalence of performance of each EBP was
calculated. Chi-square test was used to measure change
in performance in phase II pre/post-coaching using
chi-square test adjusting for clustering by facility. Analysis was conducted using SAS v9.3.
Human subjects

The study was approved by the Harvard T.H. Chan
School of Public Health IRB, World Health Organization
Research Ethics Review Committee, Indian Council for
Medical Research, Jawaharlal Nehru Medical College
Institutional Ethics Committee on Human Subjects
Research, Lucknow Ethics Committee, and PSI Research
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Table 1 Adaptation to create the BetterBirth (BB) intervention package used in the randomized control trial
Karnataka Pilot

First adaptation

Second adaptation

RCT

Leadership engagement Study lead introduced to
district and facility leadership

Non-standardized introduction Formalized introduction at
to district and facility leaders
district and facility including
strong focus on motivation
to drive adoption

Same as in phase II

Education of facility staff 1-day training on the SCC
supported by instructional
video, and hands-on simulation

3-day training for staff
(2 days didactic, 1-day
coached practice using
the SCC)

Semi structured launch
including 1–2-day workshop
introducing SCC, problem
solving, and strong focus
on motivation including
video and anthem

Structured 2-day launch
with increased focus on
implementation of the
SCC with day 2 on-site
for official start
Same with additional
focus on district lead to
build support for SCC

Coaching provided during
normal clinical routines
supplemented every 2 weeks
by study physician

Coaching provided Every
1–2 weeks for 4–6 weeks

Peer-to-peer model:Nurse
coaches for birth attendants
(behavior change), physician
coach facility leader (systems
change and SCC leadership),
and childbirth quality
coordinator

Coach training through
review of SCC

Coach training through
2-day, on-site workshops
focusing on clinical skills

Coach training focused
more on QI approaches
and behavior change

Data feedback loop

Subset of baseline observation
data feedback to staff to identify
quality gaps

None

Paper-based system used
to capture and review
observation data by coaching
team to identify persisting gaps
and behavior change. Apps used
to capture study-related data

Robust app-based system
to provide real-time data
feedback on coach
observations and essential
birth supplies to BB team,
facility, and district. All study
data continued to be
captured by existing apps

Safe birth supplies
(SBS) availability

Largely available

Supply chain gaps

Increased focus of coach TL
to help the facility head and
district leaders leverage existing
resources to address gaps

Strengthened focus for
coaching and advocacy
at facility and district
levels for strengthening
EBS availability

Coaching support

Physician-led team of
Core team of head of the
hospital and senior physician
physician and nurses
and labor nurse supplemented
coaching birth attendants
by physician from the study team

Coach training using
standardized curriculum
focused on coaching
skills to drive behavior
change and barriers
framework (opportunity,
ability, motivation) with
strong focus on motivation

TL physician coach team leader, EBP essential birth practices, RCT randomized control trial

Ethics Program. Written informed consent was obtained
before observation.

Results
Results from phase I

After introduction of the physician-led coaching and use
of checklist in two phase I facilities, the site staff reacted
positively to the concept of the checklist and its role in
preventing harm and improving quality. However, system (staffing and supplies) and persistent motivational
barriers were associated with limited observed behavior
change (Fig. 1). The only substantial improvement across
the labor and delivery period was seen in appropriate delivery of oxytocin immediately post-partum (22 to 74 %),
with the SCC used between 10 % (at admission) and
39 % (within an hour of delivery) of observed care interactions. Based on discussions with coaches and study
staff as well as observations of activities, a number of
needed adaptations were identified. While engagement
of the heads of the facilities was important, higher level
engagement up to the district level and ongoing coaching

at the facility management level were needed to address
identified system-level issues such as supplies and equipment. Physicians also faced challenges in being effective
and accepted coaches for nurses and auxiliary nurse
midwives who comprised the overwhelming majority of
the trained birth attendants. This was felt by the team as
due in part to hierarchal rather than partnership interaction between physicians and nurses in the coaching
relationship. Finally, the dose of coaching visits and strategy was inadequate to move beyond knowledge change to
drive the needed behavior change to use the checklist and
deliver essential birth practices.
Adaptation for phase II

Based on this lack of improvement in phase I, a series of
revisions were made to the BetterBirth intervention
package (Table 1). Revisions focused on a more standardized three-phase approach from initial engagement,
through launch of the program, and ongoing support
(engage, launch, support). A more formal engagement
approach was implemented with a meeting with the
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Fig. 1 Change in observed essential birth practices performed by birth attendants following implementation of the BetterBirth Program in the
first two facilities in Uttar Pradesh following initial adaptation. Trained observers collected data at four predetermined observation time points (OPs)
during the perinatal process (OP1: at admission; OP2: before pushing; OP3: immediate post-delivery; OP4: within 1 h post-delivery). Numbers observed
OP1: pre 20, post 33; OP2: pre 23, post 23; OP3: pre 23, post 23; OP4: pre 23, post 23

district chief medical officer to provide information on
the goals and procedures of BetterBirth program and
gain commitment to support any system-level changes.
This engagement visit was followed by a similar visit to
intervention facility heads. The program also incorporated a motivational strategy anchored in enhancing
professional pride and effectiveness. This motivational
strategy started during the 2-day launch training and included a video with a motivational theme and anthem,
as well as a video that demonstrated checklist use, featuring an experienced birth attendant and a new nurse
who use the checklist to ensure quality care. Facilities
also had to have a minimum of three trained nurse birth
attendants to ensure that targeted providers were available during coaching visits.
As part of the support phase, we formalized provider,
facility, and district leadership engagement and shifted
to exclusively nurses coaching birth attendants and support staff in appropriate tasks. Recognizing that coaching
was needed at the leadership level as well, physician coaches focused on facility leaders to engage and ensure

local ownership and address the facility-level contextual
factors, such as inadequate safe birth supplies that could
prevent behavior change. Coaches also worked with the
leader to designate a facility Childbirth Quality Champion; the quality champion was mentored to develop into
a facility-based coach to ensure sustained SCC use and associated quality improvements. The coaching intervention
was also intensified including the following: visits planned
for 2–3 times per week, incorporation of an observation
tool to focus coaching on checklist use and EBP and document challenges, and feedback of data from the observation tool from coaches to their team leaders to address the
challenges.
Results from phase II

After intervention modification from phase I, we initiated phase II in three facilities with >3 trained nurse
birth attendants and conducted two to three visits per
week from the nurse coaches, totaling 15–18 coaching
visits per facility (Fig. 2). Physician coaches accompanied
the nurse coaches in approximately one quarter of visits
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Fig. 2 Change in observed essential birth practices performed by birth attendants following implementation of the BetterBirth Program in three
facilities in Uttar Pradesh after the second adaptation. Trained observers collected data at four predetermined observation time points
(OPs) during the perinatal process (OP1: at admission; OP2: before pushing; OP3: immediate post-delivery; OP4: within 1 h post-delivery).
Numbers observed per observation point (OP). OP1: pre 624, post 335; OP2: pre 521, post 402; OP3: pre 523, post 403; OP4: pre 522, post
409. *p < 0.001. Rates are adjusted for clustering by site

at the health centers and one half of visits at the district
women’s hospital. Trained observers collected data similarly to data collection in phase I.
In this adapted model and adjusting for clustering by
site, we saw significant improvements in a number of
critical areas including the following: screening for pregnancy-associated complications (maternal blood pressure,
0 to 16 %, and temperature measured, 0 to 9 %); infection control (proper hand hygiene, 1 to 21 %); oxytocin
immediately after delivery (36 to 97 %); and postpartum care of the newborn (weight taken, 70 to 86 %,
and breastfeeding within 1 h of delivery, 3 to 64 %), all
p < 0.001. Checklists were used in 76 to 88 % of the
pause points observed.
Adaptation prior to the randomized control trial

Despite an increase in behavior change in phase II, a
number of adaptations to further strengthen the intervention were instituted largely in the support activities
prior to launch of the full trial, reflecting further lessons learned (Table 1). Feedback from the facilities and
coaches identified that less frequent weekly visits, but
engagement over a longer period of time, were likely
more effective to continue to build on the coach-

coached relationship and provide time for change of
more resistant behaviors. As a result, the coaching
visits in the randomized control trial will start at twice
a week and wean down to end over 8 months. To increase the potential for sustainable and ongoing change,
we also increased the capacity building of the facilitybased Childbirth Quality Champion who will provide
ongoing coaching and champion further quality
improvement in maternal and neonatal care at the facilities. Extending the duration of the coaching intervention with a decrease in intensity over time allowed for a
transition period to coaching by the Childbirth Quality
Champion without a large increase in coach resources
needed.
Building on experience from team members and publically available curricula in coaching for behavior change,
we developed a short practical workshop for coaches in
developing the needed skills to engage the nurse birth
attendants and teach the attendants how to identify and
address barriers and care about change. The workshop
also provided physician coaches skills to coach the head
of the facility focusing on the needed leadership and motivation for system changes and to mentor the facility
Childbirth Quality Champion.
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We also strengthened the data feedback loop expanding
the app-based system designed for research data collection
to include electronic capture for rapid feedback of coachreported EBP practices to the facility and district. This system was also used by the coaching team to identify individual coaching challenges to address and successes for
sharing to strengthen the coaching intervention and identify system-issues for escalation to the physician coaches.
The physician coach will use the data to motivate leaders at
the facility, district, and state levels to understand and drive
system improvements and celebrate successes. Finally, an
explicit advocacy component was added to coach and
coach team leader work designed to activate leadership at
the district and state levels to ensure a strong supply chain
and harmonization of the BetterBirth intervention with the
national quality assurance program and guidelines.

Discussion
Effectiveness of the adaptive design process

Using an iterative process to test and adapt a proven effective intervention to reflect local contextual factors
and results of measurements, we were able to develop a
SCC-based coaching package able to drive behavior
change in essential birth practices in primary and
community health centers in Uttar Pradesh. The final
intervention design, which will be tested in the fully
randomized control trial, works through two processes:
(1) producing direct provider practice change and (2) igniting and enabling effective health system response
through strengthened supervision, supplies, and norms
working at the facility levels. We were able to develop
an effective intervention package through an approach
that incorporated adaptive study and quality improvement methodologies [20-22]. We used quantitative
measurement of behavior change and contextual factors
combined with qualitative capture of identified barriers
to strategically drive modifications of the intervention.
Changes were then re-tested to ensure that the approach
was appropriate to the realities of the facility and area
targeted for the full trial and further refinements needed
as indicated. This approach has been important in ensuring that interventions which focus on changing behavior when replicated in new settings with important
contextual differences are appropriately adapted and formalized prior to large-scale testing [5].
Strengthening the intervention

A number of the adaptations we made to strengthen our
intervention strategy are supported by evidence in other
work focused on driving behavior change and improvement in health care. During the first adaptation, the
coaching focused on identified gaps of skills and supplies
as the major barriers to providing EBPs, reflecting
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similar challenges in other parts of India [22, 23]. However, we recognized that motivation to adopt change was
an equally important barrier based on feedback from
coaches. The importance of motivating healthcare
workers to care about quality and be willing to improve
has also been described in other work focused on changing behavior in care delivery [24–26]. In response, the
coaching approach was adapted to focus on diagnosing
the barrier to change using a social marketing framework opportunity (such as supplies, ability, or motivation) and provide coaching to address any of the
underlying causes. [27, 28] The motivational strategy
also included developing videos shown during the facility
launch of the BetterBirth intervention to increase the
birth attendants’ belief in the potential for improvement,
the role of the SCC, and their own importance in reducing maternal and neonatal harm.
The effectiveness of peer-to-peer coaching to change
behavior and drive improvement has also been described
in other settings. In Rwanda, the MESH program has
been effective using nurses to coach front-line providers
resulting in improvements in quality in maternal care
and other clinical spheres [29, 30]. Peer-to-peer coaching
at the physician level was also strengthened, adapting
the role of the physician coaches to focus on stronger
leadership engagement at multiple levels to build local
ownership and leadership to make the system changes
needed to address barriers not within the control of the
nurse birth. This approach has been successful in interventions that focus on leadership and management as a
critical component to driving and sustaining systembased quality improvement [31]. For the coaching to
be successful, skills needed include communication,
diagnosing and overcoming resistance, problem solving,
building relationships and debriefing through feedback
of observed behavior, and other performance data [32].
Recognizing these needs, we ensured that the coaches
have the necessary coaching skills as well as the content knowledge. These materials will be used to train
new coaches in the study and serve as a resource for
other programs interested in implementing a SCCbased program [19].
While we saw a large improvement in uptake of EBPs
after the second round of adaptations, there remained
areas more resistant to change. These included components of maternal and neonatal vital sign measurement,
partograph use, and placing the newborn on the
mother’s abdomen (skin-to-skin) post-delivery (only
observed at one facility with increase from 0 to 28 %).
Some of these behaviors have been described in other
settings as challenging to change and may reflect the
ability to observe immediate benefit or an earlier stage
of behavioral change along the pathway needed for consistent performance [26, 33]. In response, we further
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strengthened the coaching methodologies and the focus
on engaging leadership as noted above.
Further adaptations to the intervention were focused
on identifying and addressing the needed system change
and planning for long-term sustainability. Feedback of
monitoring data supported by coaching to develop and
implement action plans has been shown to be an
important strategy to drive system improvement [34].
For the randomized control trial, we expanded the appbased component to provide real-time data on observed
behavior change and system challenges based on the
coaching observations. These apps were tested in the
pilot sites after study observation had concluded to ensure feasibility and acceptability. These data will be used
by the physician coaches to strengthen nurse coaching
and coach on utilization of these data by the facility
and district leaders to identify and address challenges
including gaps in the needed safe birth supplies and
celebrate successes. We explicitly opted to not supplement birth supplies reflecting our goal of planning for
sustainability from the start of the intervention. We
strengthened the advocacy strategy to further spur
system changes at the district and state levels and to
ensure that the intervention remains aligned with the
NRHM’s quality assurance management system.
The need for longer-term support when implementing a
behavior change intervention is similar to experiences
with other efforts and is consistent with the recognition of
the need to expand the CDC’s Replicating Effective Programs Framework to include facilitation or coaching beyond short-term technical assistance [4, 35]. Consistency
of our approach with the CDC framework which designed
to accelerate the effective scale-up of programs in new settings will increase our potential to overcome the common
challenge of effective scale-up as the study rolls out [4].
To address this long-term need, we integrated a greater
focus on developing the facility-based Childbirth Quality
Champion to continue to drive the improvements through
coaching and motivation to use the SCC beyond the end
of the study for sustained change.
Limitations

Our study has a number of limitations. The performances measured could have been influenced by having
an observer present [36]. However, because the same approach was used both at baseline and after coaching, the
effect would likely have reduced observed change. Our
changes were based on the experiences of a small number of facilities, and so our conclusions and adaptations
may not be applicable to the broader range of facilities
in UP. However, we used a mixed methods approach to
include both observed changes in performance as well as
feedback from the coaches and program implementers
to bring in contextual factors into our adaptations to
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reduce this risk. The repeated measurements, integral in
an adaptive trial, could have increased the risk of a type
1 error. Finally, secular trends may have altered performance EBPs as the Government of India has adopted a
focus on quality improvement. The planned randomized
control trial will be able to test if the new package is
effective in improving EBPs as well as clinical outcomes
independent of this potential limitation.

Conclusions
This process of improvement through measurement and
iteration was critical to adapt the intervention from a
single larger facility in Karnataka with strong internal
commitment and motivation to smaller, less wellresourced facilities in UP lacking pre-existing leadership.
Many of the changes reflect evidence in the literature,
but the testing and adaptation were critical to understand
which practices should be added to the strategy and how
to incorporate them into a replicable package. While this
approach to adapting the intervention package to address
contextual differences in a new setting and the challenges
of larger-scale implementation took time, it resulted in a
package able to result in behavior change even in smaller
facilities with multiple challenges. Implementation of this
adapted package will ensure that the randomized control
trial will be able to measure if change in behavior and
systems results in the targeted impact on maternal and
neonatal harm.
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Abstract
Objectives—This study assessed whether community mobilization and interventions to improve
emergency obstetric and newborn care (EmONC) reduced perinatal mortality (PMR) and neonatal
mortality rates (NMR) in Belgaum, India.
Methods—The cluster-randomised controlled trial was conducted in Belgaum District,
Karnataka State, India. Twenty geographic clusters were randomized to control or the
intervention. The intervention engaged and mobilized community and health authorities to
leverage support; strengthened community-based stabilization, referral, and transportation; and
aimed to improve quality of care at facilities.
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Results—17,754 intervention births and 15,954 control births weighing ≥1000 g, respectively,
were enrolled and analysed. Comparing the baseline period to the last 6 months period, the NMR
was lower in the intervention vs. control clusters (OR=0.60, 95% CI 0.34–1.06, p=.076) as was the
PMR (OR = 0.74, 95% CI 0.46–1.19, p=.20) although neither reached statistical significance.
Rates of facility birth and caesarean section increased among both groups. There was limited
influence on quality of care measures.
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Conclusions—The intervention had large but not statistically significant effects on neonatal and
perinatal mortality. Community mobilization and increased facility care may ultimately improve
neonatal and perinatal survival, and are important in the context of the global transition towards
institutional delivery.
Keywords
Emergency obstetric and newborn care; perinatal mortality; neonatal mortality; community
mobilization; quality of care; India

Introduction

Author Manuscript
Author Manuscript

India contributes the largest number to the annual 3.1 million neonatal deaths and 2.6
million stillbirths worldwide, more than any other single country [1]. Even with a 54%
reduction in the under-five mortality rate (U5MR), from 114 in 1990 to 61/1,000 live births
in 2011, India is unlikely to reach its U5MR Millennium Development Goal 4 (MDG4) of
38/1,000 live births by 2015, largely because the country’s 2011 neonatal mortality rate
(NMR) of 32 deaths/1,000 live births accounts for 52% of the U5MR [1,2]. Emergency
obstetric and neonatal care (EmONC) has long been recognized as important to improve
management of obstetric and neonatal conditions causing pregnancy-related morbidity and
mortality [2–5]. Government policies and other efforts have been made to improve basic and
comprehensive EmONC, including administration of intravenous antibiotics, oxytocics, and
anticonvulsant drugs, manual removal of the placenta and retained products, assisted
delivery, surgical delivery, blood transfusions, resuscitation and intensive care, have
improved antenatal and delivery care in resource-constrained settings [6,7]. Quasiexperimental studies have suggested that community mobilization to improve problem
recognition and transfer have increased the use of obstetric services in resource-limited
settings [8–13]. However, in the context of a transition towards institutional delivery in India
and worldwide, few studies have assessed the potential role of community mobilization for
reducing perinatal mortality.
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We sought to assess a community intervention to effectively respond to the labor and
delivery complications associated with perinatal mortality. As part of a multi-country Eunice
Kennedy Shriver National Institute of Child Health and Human Development Global
Network for Women’s and Children’s Health Research (GN) project, we tested a composite
intervention package designed to engage community members and health authorities, elicit
their support and improve quality of care (QOC) to reduce the perinatal mortality rate
(PMR) and neonatal mortality rate (NMR) [14,15]. Outcomes of the primary trial, conducted
in 7 sites in 6 countries, are presented elsewhere [15]. As the largest site with a high facility
delivery rate, we were interested in evaluating whether India might have unique findings.
This manuscript presents the results of the composite intervention package, as implemented
in the Belgaum District of Karnataka state in southern India.

Patients and Methods
The cluster-randomized trial was conducted in Belgaum, India in 20 geographically-defined
clusters which were assigned to either the intervention group (n=10) or the comparison
Matern Child Health J. Author manuscript; available in PMC 2016 December 01.
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group (n=10) by computer generated randomization. The effects of the intervention
including the primary mortality outcomes and measures of health care utilization were
assessed by independent staff of the Maternal and Neonatal Health (MNH) Registry system
that enrolled pregnant women and tracked their outcomes to 42-days post-partum[16]. Each
of the 10 study and 10 control clusters had approximately 500 annual births.
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Information on socio-demographic characteristics, implementation and use of antenatal care
(ANC), transportation and EmONC services, and on primary and secondary outcomes from
pre-pregnancy to 42-days post-partum were collected for consenting, eligible women and
their offspring over a 6 month pre-intervention period (4/1/2009 through 9/30/2009) and for
24 months (10/1/2009 through 9/30/2011) during the intervention implementation. Pregnant
women who were permanent residents of the study clusters and those living for at least four
weeks during the antenatal period were eligible. This included 19,269 women in the
intervention group and 17,188 women in the control group (Figure 2). Participants with
miscarriages (intervention n=885, control n=757), medical termination of pregnancy
(intervention n=596, control n=442), giving birth to infants weighing <1000 grams at birth
(intervention n=164, control n=136), lost to follow-up (1 per group), and those with
unknown birth weight (intervention n=4, control n=3) or missing delivery information
(intervention n=8, control n=4) were excluded from the outcome analyses. PMR, defined as
stillbirths and neonatal deaths < 7 days, and NMR, defined as neonatal deaths < 28 days, are
the primary outcomes presented in this manuscript. Utilization of health services prior to and
at delivery and quality of care (QOC) indicators were assessed to describe whether these
factors influenced the NMR and PMR.
Study intervention
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A household-to-hospital continuum of care model was adopted in which preventable causes
of maternal, fetal and early neonatal mortality and morbidity and existing resources for their
management were identified and, where possible, available resources were leveraged to
improve preparedness, knowledge of and timely access to transportation to care at higher
level facilities for emergency care. The study interventions, described in detail elsewhere,
sought to engage and mobilize community and health authorities to improve community
recognition, stabilization, appropriate referral/transportation, and to improve the QOC at
health facilities for pregnant women (Figure 1) [16,17]. The community-based components
of the comprehensive intervention involved community mobilization efforts structured on
the Community Action Cycle (CAC) paradigm that depend upon and empower communities
to identify, prioritize and act upon MNH problems and existing practices. This process is
fully described elsewhere [18]. The maternal conditions recognized by the communities as
key contributors to maternal and neonatal morbidity and mortality were excess bleeding,
prolonged labor, sepsis, pre-eclampsia/eclampsia and anemia. The newborn conditions
identified as contributing most to PMR and NMR were breathing problems after birth, low
birth weight, seizures and infection. The intervention strategies developed by the cluster
teams to respond to these conditions included: strengthening antenatal care; early detection
of high-risk conditions in mothers and newborns; preparing an effective birth plan;
developing emergency funds through personal savings or local resources; arranging
alternative emergency local transportation; seeking care at designated referral facilities;
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creating awareness of blood donations and of early identification and treatment of sexuallytransmitted infections.
Intervention activities to implement these strategies in intervention communities were: early
registration of pregnancy, educating women about antenatal care (ANC) services and
ensuring regular antenatal care; involving family decision makers and health care providers
in preparing an effective birth plan; establishing emergency funds and use of local resources
(especially transportation); teaching Home Based Life Saving Skills (HBLSS) to educate
community members about danger signs during pregnancy and postpartum period and
providing care at home; arranging blood donation camps; identifying and timely access of
appropriate maternal and newborn emergency referral facilities; death audits; and using this
information to develop intervention strategies.
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An assessment of referral hospitals serving the intervention clusters was conducted at
baseline and every 6 months during the study [14, 17]. This assessment examined
availability of key health care providers, equipment, essential medications, and the
performance of critical procedures. Based on the assessment, facilities were encouraged to
expand their provision of EmONC, to improve their acceptance of referrals, and to
implement quality assurance procedures. Training for hospitals included obstetric drills to
strengthen emergency preparedness, essential newborn care, newborn resuscitation as well
as skilled birth attendant training focused on active management of the third stage of labor,
management of pre-eclampsia/eclampsia, sepsis, and prolonged Labor. All community birth
attendants and community health workers were trained to screen, stabilize and refer women
and neonates experiencing serious health conditions. After stabilization, communities were
also encouraged to identify and arrange referral to higher facilities that could provide
appropriate emergency care. Community-based workers received kits with essential items
for the mother’s management at the facility and were taught to effectively communicate with
transportation facilitators and with hospital staff to improve timely care. The birth attendants
working at Primary Health Centers, Community Health Centers, Taluka Hospitals, General
Hospitals and Private Hospitals were trained every six months over the two and a half year
project period. A quality assurance process with a multi-disciplinary team including
physicians, the Ministry of Health, and community members was established in each
intervention cluster to review all cases of maternal, fetal and neonatal death and to discuss
strategies to prevent similar deaths in the future.
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Based on a cluster RCT in Bangladesh, where the effects of an essential newborn care
training program were observed only in the last six months of a thirty-month intervention
period, we evaluated the outcomes by time period [18]. We compared outcomes of the preintervention period (4/1/2009 – 9/30/2009) to the full intervention period (10/1/2009 –
9/30/2011) and to the final 6 months of the intervention period (4/1/2011 – 9/30/2011). For
both PMR and NMR, regression models were developed to assess the relative change
between 6 months before the intervention and the last 6 months of the intervention if the
implementation of the intervention met four criteria: ≥80% deaths were audited, ≥80% of
cluster and core group meetings were held at least monthly, and 80% of core group meetings
included at least one quarterly “ACT Stage” implementation meeting, the meeting in which

Matern Child Health J. Author manuscript; available in PMC 2016 December 01.

Goudar et al.

Page 5

Author Manuscript

activities were planned to implement the intervention; these four criteria defined excellent
implementation.
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In Belgaum, Karnataka, all measures of implementing the community mobilization
intervention were achieved in the first 12 months of the intervention. Therefore, regression
analyses evaluated the relative change in the primary outcomes from the baseline compared
to the final 6 months of the trial period, e.g., excluding the first 18 months when the
intervention was being implemented and established. Two models were developed for each
of these regression analyses; the first is adjusted only for cluster and the second is adjusted
for cluster, infant gender, and infant birth weight <1500 grams. Birth weight <1500 grams
was used as a surrogate measure for very preterm birth, those with lowest likelihood of
survival. Because the gender composition differed between study groups and the association
of gender with birth weight and survival is well established, adjusted analyses also
controlled for gender [19]. Tests of difference in cluster-level rates or averages of
background characteristics were obtained from linear models. Estimated marginal means
from generalized estimating equation extensions of binomial Poisson regression models
adjusted for cluster are presented for QOC, neonatal characteristics, PMR and NMR. All
analyses were conducted using SAS v.9.3 (Cary, NC).
The study was approved by the Institutional Review Boards of the study site, Jawaharlal
Nehru Medical College, Belgaum, Karnataka, India, and participating investigators, the
University of Missouri at Kansas City and Christiana Care Health Services, Columbia
University, Aga Khan University, and the Research Triangle Institute. The multi-country
trial is registered with ClinicalTrials.gov NCT01073488.
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Results
Of the 53,331 pregnant women in the 20 study clusters during the study period, 19,269 in
the intervention clusters (19, 411 live births including multiples) and 17,188 in the control
clusters (17,296 live births including multiples) were eligible for the study (Figure 2). Of the
pregnancies, 1,657 in the intervention clusters and 1,342 in the control clusters were
excluded, primarily due to miscarriage, pregnancy termination or birth weight <1000 g.
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Maternal education, age, parity, and amount of antenatal care were similar in the
intervention and control clusters (Table 1). Ninety-eight percent of all deliveries were
classified as live births in both study groups. Only 1.3% of intervention and 1.2% of control
cluster newborns weighed 1000 – 1500 g at birth (Table 2). There were more female than
male offspring (48.3% vs. 47.0%, respectively) in the intervention than control clusters (p=.
03).
Based on information provided by the study participants, the levels of QOC were similar
between the intervention and control clusters (Table 3). However several key indicators
improved in both groups over time. From the baseline period to the final 6 months,
identification of transportation prior to birth increased similarly in both groups: from 75% in
intervention and 78% in control clusters to 87% and 98%, (p=0.04), respectively. Similarly,
the Caesarean section rates increased from about 9% to about 13% in both groups. The rates
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of women who were delivered by a physician or nurse midwife increased from 87% in the
intervention clusters and 85% in controls to about 94% and 93%, respectively, with a
corresponding decrease in the use of traditional birth attendants for delivery, from 7% in the
intervention clusters and 10% in the controls to about 3% in both groups.
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The intervention health facility assessments conducted every 6 months suggested that a
lower proportion of hospitals and health centers had blood products for transfusion and
availability of Caesarean sections and manual removal of the placenta at all times at a final
assessment (July–September, 2011), compared with their status in August–September 2009
(Table 4). Facility QOC data also indicated a temporal decline in the availability of a
physician to attend deliveries in the facilities that served the intervention populations. Fewer
hospital facilities had a physician, always available to conduct deliveries at the final
compared with baseline assessment, while the ‘always’ rates of nurse or midwives ‘always’
remained similar. While all intervention facilities had stethoscopes, blood pressure cuffs and
resuscitation bag/masks throughout the study period, many of the health centers did not have
such basic supplies as anti-hypertensives or antiseptics. Availability of misoprostol for
prevention of postpartum haemorrhage increased from baseline to final assessment.

Author Manuscript

In the intervention clusters, the PMR declined from 52.7/1,000 births (95% CI 42.9, 64.4) at
baseline to 37.8/1,000 (95% CI 28.7, 49.6) during the last six months; the decline was
smaller (from 47.9/1,000 births [95% CI 41.1, 55.7] to 44.2/1,000 [95% CI 32.1, 60.5]) in
the control clusters (Figure 3). Neonatal mortality declined from 26.7/1,000 (95% CI 21.4,
33.1) live births to 18.4/1,000 (95% CI 14.4, 23.9) in the intervention group whereas the
control group experienced a small increase from 21.2/1,000 (95% CI 16.8, 28.9) live births
to 24.1/1,000 (95% CI 17.3, 33.4) live births over the same period. The relative decreases in
PMR and NMR from baseline to the last 6 months of the intervention period were larger in
the intervention clusters than in the control clusters (Figure 3); however, this decrease did
not reach statistical significance for PMR (OR=0.74, 95% CI 0.67 – 1.19, p=.20, adjusted
for cluster) nor for NMR (OR=0.60, 95% CI 0.34 – 1.06, p=0.08, adjusted for cluster).

Conclusions

Author Manuscript

This cluster-randomized trial of a composite package of interventions implemented to
improve birth outcomes in the community and across the continuum of care suggested
improvement in neonatal survival, when comparing the results at baseline to those during
the final 6-month period of the study in rural Belgaum, India. Both intervention groups had
increasing rates of Caesarean section, transportation for delivery, and facility delivery over
the intervention period. During the same period, the Ministry of Health implemented
programs, including implementation of cash-transfers for facility births as well as
ambulance services in the region, which were beyond the scope of the study intervention
[20, 21]. We posit that the increase in transportation and facility delivery led to higher rates
of Caesarean delivery that may have improved neonatal survival and the stillbirth rate and
hence perinatal survival. The intervention did not measurably improve the QOC compared
to the control clusters (for example, only 60 to 70% of either group identified a birth
attendant). Furthermore, the assessment of health facilities suggested that with a few
exceptions, overall, there were similar or decreasing availability of services over the course
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of the trial; while training was a component of the intervention, provision of supplies and
equipment for health facilities was not.

Author Manuscript

This study was designed as a part of a larger multi-site trial that had limited power to detect
the effects of the community mobilization and increased use of institutional obstetric care
for maternal and newborn complications within individual Global Network sites. The PMR
and NMR risk reductions of 30% to 40%, respectively, in the intervention clusters found in
Belgaum suggest that even with limited influence on QOC, in the context of increasing
institutional delivery these interventions may be associated with improvements in neonatal
and perinatal survival rates that have important public health implications. The study
observed an impressive increase in rate of facility births; however, while rates of Cesarean
section rates increased over the trial period, indicators of supplies and services available at
hospitals and health centers did not change or appeared to decline. Thus, while most women
are now reaching health facilities for delivery in this region, additional efforts to improve
QOC at health facilities are needed to further improve perinatal and newborn outcomes. It is
likely that even though the Cesarean section rates increased over time in both intervention
and control clusters, through community mobilization efforts in the intervention clusters,
women were able to identify and access emergency obstetric care services in a timely
manner by avoiding seeking care at referral facilities that are expected to provide but lack
such services. This may explain the differential impact on mortality in the intervention
clusters compared to the control clusters.

Author Manuscript
Author Manuscript

Other studies of intervention packages that include community mobilization and quality
improvement activities have shown increased use of evidence-based newborn care practices
associated with improvements in neonatal survival, significantly reducing NMR by 30% in
rural Nepal,8 by 34% in Bangladesh, by nearly 50% in Uttar Pradesh, India, 30% in
Pakistan, and 33% in Gambia [9,10,12]. These studies primarily focused on communitybased strategies to improve newborn care. For example, in Uttar Pradesh, community health
workers were trained to provide essential newborn care for a population that primarily
delivered at home [9]. These studies examined basic newborn care and 28-day neonatal
outcomes, rather than inclusion of early pregnancy loss. Furthermore, in each of these
examples, rates of ANC use were significantly lower than our study (for example, 25%
ANC in Bangladesh compared to over 90% at baseline in this Belgaum study) and the
majority of the deliveries occurred at home or community settings. Other community-based
intervention studies have focused on obstetric care and its impact on maternal and perinatal
mortality. One study training birth attendants to better identify and refer women with
pregnancy complications found a 68% lower PMR (p=.005) in Bolivia whereas another
study found a 27% lower PMR but not significant in Guatemala, settings where home or
community deliveries were the norm [11,13]. Since these studies, there have been global
efforts that have significantly increased rates of facility delivery in many regions, especially
in countries such as India [15].
One of the strengths of this trial was the high-quality maternal-newborn registry that
independently registered nearly all pregnant women by 16 weeks gestation. The registry was
cross-checked and validated with other sources (e.g., registry of couples expected to
conceive) to ensure completeness of enrolment. All pregnant women had their outcomes
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followed to 6 –weeks postpartum, with nearly 100% outcomes obtained. Furthermore, the
community intervention team had a high fidelity to the study intervention, with all cluster
community mobilization activities implemented early, with high levels of participation of
mothers and birth attendants.

Author Manuscript

Because of the increasing role of facility delivery, we included facility birth attendant
training in the community intervention. Our trial examines the impact of community
mobilization and birth attendant training across all levels of care in an emerging context of
increased rates of institutional delivery. In Karnataka, where facility deliveries have
substantially increased in both groups, we observed a much larger reduction in the rates of
neonatal mortality in the intervention compared to control, although these did not reach
statistical significance. The increased rates of facility births, availability of transport and
access to Cesarean section for both intervention and control clusters may have overwhelmed
the differences in effect on mortality from the community mobilization efforts. For example,
anecdotally, women, particularly those requiring emergency care, in the intervention clusters
may have been more likely to reach the appropriate level of care (e.g., by-passing first level
health service in case of emergency), but we were unable to document this. One limitation
was that although a large number of women were enrolled, the trial was cluster randomized
and thus not powered to detect site-specific effects. Despite this, the study’s results
demonstrate large differential reductions in PMR and NMR in the intervention clusters
compared to the controls that are important for programmatic planning.

Author Manuscript

Another limitation of the study is that it can be difficult to determine the elements of a
comprehensive strategy such as our intervention that are most effective. The fact that there
was a large increase in facility deliveries while there was little evidence of improvement in
QOC supports the suggestion that the observed effects are likely due to community
mobilization efforts leading to identification of appropriate referral facilities and accessing
emergency obstetric care at these facilities in a timely manner. While we have anecdotal
observations to support this speculation, the data collection did not capture these subtle
nuances resulting from the community mobilization efforts. This line of reasoning is also
consistent with other studies in India and beyond that find increasing institutional delivery
and Caesarean sections rates to be associated with improving perinatal and/or neonatal
survival. [20, 21]

Author Manuscript

Finally, this multi-site study was not independently powered to detect site specific difference
in the outcomes. [18] The results of the trial in the Belgaum site are distinct from the multisite trial and this difference may be due to differences in the implementation of the
intervention that may have happened because of the differences in settings and availability
of resources such as institutional capacity, attitudes towards seeking institutional care and
ability to get to institutional care.
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Figure 2.

CONSORT Flow Diagram
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Figure 3.
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Comparison of Perinatal Mortality Rate (PMR) and Neonatal Mortality Rate (PMR) for
Intervention and Control clusters at Baseline and Last 6 months of the Trial Period*
*Relative change (Intervention Δ vs Control Δ) in perinatal mortality rate (PMR) OR = 0.74
(0.46, 1.19), P=0.20
Relative change in neonatal mortality rate (NMR) OR = 0.60 (0.34, 1.06), P=0.08
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Months of the Study in the Intervention Clusters Only
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Evaluating time between birth to cry or bag
and mask ventilation using mobile delivery room
timers in India: the NICHD Global Network’s
Helping Babies Breathe Trial
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Abstract
Background: The Golden Minute®, the first minute following birth of a newborn, is a critical period for establishing
ventilation after delivery, as emphasized in the Helping Babies Breathe® and other resuscitation training programs.
Previous studies have reinforced training through observers’ evaluation of this time period; although observation is
useful for research, it may not be a sustainable method to support resuscitation practice in low-resource settings
where few birth attendants are available. In order to reinforce resuscitation within The Golden Minute®, we sought
to develop a simple mobile delivery-room timer on an Android cell phone platform for birth attendants to use at
the time of delivery.
Methods: We developed and evaluated a mobile delivery room timer to document the time interval from birth to
the initiation of newborn crying/spontaneous respiration or bag and mask ventilation in a convenience sample of
women who delivered in five hospitals in Karnataka, India. The mobile delivery room timer is an Android cell phonebased application that recorded key events including crowning, delivery, and crying/spontaneous respiration or bag
and mask ventilation. The mobile delivery room timer recorded the birth attendant verbally indicating the time of
crowning, birth-(defined as when the entire baby was delivered), crying/spontaneous respiration or bag and mask
ventilation. The mobile delivery room timer results were validated in a subsample by a trained observer (nurse) who
independently recorded the time between delivery and initiation of crying/spontaneous respiration or bag and mask
ventilation.
Results: Of the total 4,597 deliveries, 2,107 (46 %) were timed; a sample (n = 438) of these deliveries was also observed
by a trained nurse. There was high concordance between the mobile delivery room timer and observed time elapsed
between birth and crying/spontaneous respiration or ventilation (correlation =0.94, p < 0.0001). The majority of neonates
in both groups cried/breathed spontaneously or received bag and mask ventilation by 1 min (430/438 by the timer vs.
433/438 for observer).
Conclusions: We demonstrated that a simple mobile delivery room timer application was feasible to use during
delivery and provided valid observations of the time to crying/spontaneous respiration or bag and mask ventilation.
This type of tool may be useful in reinforcing neonatal resuscitation training and the need to ensure spontaneous or
assisted ventilation by The Golden Minute®.
Keywords: Resuscitation, Golden minute, Asphyxia, India, Helping babies breathe
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Background
Helping Babies Breathe® (HBB), a simulation-based curriculum designed to teach resuscitation of babies wherever they are born, was developed by the American
Academy of Pediatrics (AAP) and partners; it was
launched in 2010 [1, 2]. The HBB program targets low
and middle-income country birth attendants (BA) with a
combination of evidence-based best practices and graphic
action plans and teaching techniques. HBB focuses on
providing resuscitation to babies who do not begin to
breathe on their own using stimulation (rubbing the back)
or stimulation and bag and mask ventilation within the
first minute after birth (The Golden Minute®) [2–4]. HBB
is focused on essential resuscitation knowledge and skills
to help ensure that the BAs become more proficient in
neonatal resuscitation.
The Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD)’s Global Network for Women’s and Children’s Health Research (Global
Network) designed the study “Evaluation of HELPING
BABIES BREATHE: Does Implementation of Helping Babies Breathe Save Lives?” to test the effectiveness of HBB
training in low-resource, facility settings with limited exposure to formal resuscitation training [5]. Previous studies have used observers to verify that BAs followed the
HBB Action Plan and were able to achieve spontaneous
respiration or were ventilated with a bag and mask (BMV)
by The Golden Minute®; [2–4, 6, 7] however, use of observers may not be sustainable in low-resource settings
where only one BA may be available to attend the birth
and resuscitate the newborn [8–10]. This study was conducted after the initial Global Network HBB study training
and was designed to develop and validate a mobile
delivery-room timer (MDT) to document, evaluate, and
reinforce the BA adherence of immediate drying of all
newborns, followed by back rubbing/stimulation for those
neonates that do not breathe spontaneously, and by resuscitation with BMV to ensure that ventilation occurs within
a one minute interval following birth. Our primary hypothesis was that the MDT was feasible to use to accurately
document the steps in the resuscitation of vaginal deliveries. The secondary hypothesis were that the MDT would
facilitate collection of DR activities and facilitate evaluation
of the recommended steps in HBB resuscitation.
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Methods
This study had two components. First, we developed the
MDT software and design as an iterative process with
the investigators and software developer and then piloting the device in the field team. After the development
of the device was completed, we next trained the birth
attendants and then conducted a field study in several
hospitals which were participating in the HBB trial.
Development of MDT

A software program was developed to collect and record
the data on an Android device. The Android operating system was selected because it is used on a wide range of cell
phones and tablets, including phones in the lower end of
the cost range. Selection of the Android-based system was
important since the project was targeted for use in lowincome country settings and thus availability of software
which functioned on low-cost hardware was preferred for
sustainability. After the software was programmed, it was
tested for reliability and usability by RTI staff and further
refined before it was deployed and field tested in Belgaum
prior to initiation of the validation study.
This software was enabled with an audible mark and a
physical mark entry-type system. The physical marks included easy-to-read symbols to indicate, crowning, birth,
cry, or BMV. This application was published in Google
Play, is available on the Google Play website under the
term “Helping Babies Breathe” and may be installed
through Google Play at no cost [11].
Development and beta testing of the application was
started in October 2012; a stable, ready-to-use version
was available in March 2013.
MDT

To operate the MDT, when a delivery was imminent, the
application was turned ‘ON’ (Fig. 1) to begin recording
and remained on for the duration of the delivery. Four
key points were verbally marked in the recording during
the delivery process by the birth attendant who called
out: START (when the baby’s head crowned); BIRTH
(when the baby was born), and CRY, (if the baby spontaneously cried or took a breath) or BAG (if baby did
not breathe spontaneously) and the birth attendant used
BMV to resuscitate the infant. After the birth activities

Fig. 1 Starting the recording; User Selects “New Record” to start the process and then clicks “Record”
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Fig. 2 Stopping the recording; When the session is complete, user clicks “Stop” and the system asks for confirmation to end recording

were completed, the MDT was stopped as illustrated in
Fig. 2 and the BA completed data collection by filling in
the identification numbers for the birth attendant and
participant on the mobile phone (Fig. 3). At a later time,
the Facility Coordinator reviewed the recoding and
placed the physical mark entry onto the recording.
The device was piloted in the month of April 2013
using a convenience sample of birth attendants who had
been trained in HBB.
Field study
Setting

This study was conducted at five of the 32 Belgaum, India
health facilities where BAs had been trained in HBB.
Three county hospitals, one private hospital and one

community health center (CHC) were selected to ensure a
sample of at least 100 births per month within the study
catchment area. County hospitals had 200–350 births per
month, and each of the private hospitals and CHC had
200 and 100 births per month, respectively. Five nurses,
one from each facility, were selected as Facility Coordinators to supervise activities at each of these facilities.
Training

Birth attendants at these facilities received a three-hour
basic training in the use of the MDT device, including the
accurate timing of the four key events: Crowning, Birth,
Spontaneous Crying/Respiration or BMV. The BA then
entered the participant identification number and basic delivery outcome information on the mobile phone. During

Fig. 3 Entering birth outcome information; BA is prompted to enter birth outcomes on the mobile device
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Fig. 4 Post-delivery record review; When “Review” is selected, the system shows the records stored in the phone. Blue indicates not reviewed;
Green indicates reviewed with an indication of the number of marks entered. The user then selects a session for review and while the recording
is being reviewed, is presented with a progress bar, similar to what is seen for an audio recording, and four buttons that allows for placing a
timestamp on the recording for the audible cues of “Start/Crown”, “Birth”, “Cry” or “Bag/Resuscitation” as illustrated in Fig. 5

the delivery, the BA spoke the phrases “Start (when the
baby crowned),” “Birth” “Cry” and “Bag” to indicate when
these events occurred, which were recorded on the MDT.
After delivery, the BA reviewed the recorded information
with the Facility Coordinators to ensure that the time was
correctly marked on the MDT, as described below. Short
paper forms were available to record the information in
the event that the timer device was inadvertently not
started and the reasons why the MDT was not used.
The BAs also received weekly supervised visits and
onsite refresher training to review the enrollment status
and use of the devices. The Facility Coordinators were
instructed to observe a sample of deliveries (10 %) for
which the timer was used. These Facility Coordinators
were trained to independently observe births in order to
collect the time interval data using a stop watch, i.e.,
Birth to either cry/spontaneous respiration or initiation
of BMV (observer data), independent of MDT data. Facility coordinators were also trained in the process for
transferring MDT data to the server.
Data collection

Fig. 5 Illustration of progress bar and timestamp mark symbols

Data were collected both on the MDT and hard copy. Android cell phones with the MDT and charging units were
placed in the delivery rooms of the participating facilities
for the BAs to use. A second MDT device was available in
each delivery room to record deliveries as a back-up.
The data collected on the MDT device were reviewed
by the Facility Coordinator with the BAs (Fig. 4) to ensure
that the corresponding markings (i.e., time of crowning,
birth, cry or BMV) were completed correctly (Fig. 5).
Reviewed records were then uploaded into the Google’s
AppEngine service at http://helpingbabybreath.appspot.
com on weekly basis. Finally, observers’ log of the events,
which were collected for a sub-sample of the deliveries,
were collected on paper forms and entered into a separate
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Table 1 Mobile Device Timer (MDT) deliveries in five HBB trained facilities
GH Ramadurg

KHI

CHC Sankeshwar

GH Gokak

GH Chikkodi

Total

N (%)

N (%)

N (%)

N (%)

N (%)

N (%)

Number of total deliveries

4,597

Number of deliveries timed

493

441

271

441

461

2,107(46)

Infant status
Alive

489 (99.2)

441 (100.0)

270 (99.6)

440 (99.8)

461 (100.0)

2,101 (99.7)

Macerated stillbirth

4 (0.8)

0 (0.0)

1 (0.4)

1 (0.2)

0 (0.0)

6 (0.3)

Yes

488 (99.8)

424 (96.1)

265 (98.1)

436 (99.1)

446 (96.7)

2,059 (98.0)

No

1 (0.2)

17 (3.9)

5 (1.9)

4 (0.9)

15 (3.3)

42 (2.0)

Yes

1 (0.2)

16 (3.6)

5 (1.9)

4 (0.9)

15 (3.3)

41 (2.0)

No

0 (0.0)

1 (0.2)

0 (0.0)

0 (0.0)

0 (0.0)

1 (0.0)

488 (99.8)

424 (96.1)

265 (98.1)

436 (99.1)

446 (96.7)

2,059 (98.0)

Baby crieda

Baby ventilateda

b

NA

Time between birth and cry

a

≤1 min

458 (93.9)

395 (93.2)

245 (92.5)

424 (97.2)

438 (98.2)

1,960 (95.2)

1–2 min

7 (1.4)

17 (4.0)

14 (5.3)

2 (0.5)

4 (0.9)

44 (2.1)

>2 min

1 (0.2)

0 (0.0)

1 (0.4)

0 (0.0)

1 (0.2)

3 (0.1)

<0, edit pending

2 (0.4)

0 (0.0)

2 (0.8)

0 (0.0)

0 (0.0)

4 (0.2)

Recording problem
Time between birth and bag and mask ventilationa

12 (2.8)

3 (1.1)

10 (2.3)

3 (0.7)

48 (2.3)

17

5

4

15

42

≤1 min

1 (100.0)

6 (35.3)

0 (0.0)

2 (50.0)

10 (66.7)

19 (45.2)

1–2 min

0 (0.0)

10 (58.8)

5 (100.0)

2 (50.0)

4 (26.7)

21 (50.0)

0 (0.0)

1 (5.9)

0 (0.0)

0 (0.0)

1 (6.7)

2 (4.8)

>2 min
a

20 (4.1)
1

Excludes macerated stillbirths

b

cried immediately after birth

(Microsoft Access) database by site data entry staff. In
addition, paper data collection forms were available for
BAs to record the reason for not starting the device if the
MDT was not activated.
At the completion of the MDT data collection, a
brief survey of the BA’s was conducted in order to
assess the MDT’s usefulness to the BAs and improve
future design of the device. The survey addressed

aspects of training, ease of use of the MDT, capturing
data on Android platform and the use of feedback for
improving future resuscitation.

Data management and statistical analysis

Data entry and transmission to the data coordinating
center was completed on a weekly basis by trained data

Table 2 Comparison between observed and MDT deliveries

Number of MDT deliveries that were observed
Time between birth and cry*
≤1 min

Observer data

MDT data

N (%)

N (%)

438

438

434

434

430 (99.1)

427 (98.4)

1–2 min

3 (0.7)

6 (1.4)

>2 min

1 (0.2)

1 (0.2)

Time between birth and ventilation*
≤1 min

4

4

3 (75.0)

3 (75.0)

1–2 min

1 (25.0)

1 (25.0)

>2 min

0 (0.0)

0 (0.0)

*p Value < .0001

Correlation

P-value

0.95

<.0001

1.00

<.0001
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Fig. 6 Comparing Time between Birth and Cry for Observed and MDT Data. Comparison of time observed vs. MDT, births at select hospitals,
Karnataka, India

entry staff. Edits were performed centrally and resolved
at the site to ensure internal consistency of data.
The research team reviewed and corrected data edits centrally on monthly basis. The data were analyzed using SAS
version 9.3 (Cary, NC) to provide descriptive statistics and
correlation coefficients to compare the data collected using

Fig. 7 Comparing time between Birth and Ventilation for Observed
and MDT Data

the MDT with the data collected by the independent observers. A Bland-Altman plot was constructed to compare
the correlation between Birth and Cry and Spearman correlations to compare time between Birth and BMV.
Descriptive statistics were used to present the results
from the convenience sample of BAs that participated in
a survey about their experiences using the MDT.
The study was approved by the ethics committees
under the JNMC Institutional Ethics Committee on Human Subjects Research (IORG#0001102) and under the
RTI International Institutional Review Board amendment (ID # 12940).

Results
The validation study began May 15, 2013 and data were
collected through October 31, 2013 in the study health
facilities. During this period, 2,107 (46 %) deliveries of
the total of 4,597 deliveries during the study period,
were timed with MDT (Table 1). 1,960 (95 %) neonates
breathed within 1 min of delivery; 44 (2 %) and 3 (0.1 %)
of them required 1–2 min and >2 min, respectively, to
begin breathing. Only 41 (2 %) of the babies required
BMV. Because of technical problems with the recordings, the time to breathing was not confirmed for 52
(2 %) of those timed.
Trained nurses observed 438 deliveries, 21 % of the total
2,107 deliveries timed with MDT (Table 2). There was a
significant positive correlation between the MDT time
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Fig. 8 Bland-Altman Plot of Time Between Birth and Cry for Observed and MDT Data (Exclude 2 Outliers)

Feedback from the BAs

was very beneficial and extremely beneficial, respectively,
to reflect on their performance and in achieving Golden
Minute resuscitation in subsequent events. Four-point
Likert’s Scale (Table 3) were used to collect responses on
the ease/difficulty of using the MDT, including starting
the device, obtaining quality voice records, filling out the
information on the mobile phone and synchronization.

Of the 46 active BAs among the five facilities, 30 participated in a written survey about their experiences with
the use of the MDT. Nineteen (63 %) of them had used
Android phones prior to their participation in this study.
More than three-quarters (76 %) of them were satisfied
with the training on the use of MDT. Twenty-one
(70 %) and 4 (13 %) of the BAs felt that the application

Discussion
We demonstrated the feasibility of using an application on
a MDT to time delivery room events. This simple MDT
provided valid observations of the time to crying/spontaneous respiration or BMV and was feasible to use in the
low-resource setting. This is the first Android application,

interval data and the observed data when comparing the
time between Birth and Cry (r = .9488, p = 0.0005) (Fig. 6)
and the time between birth and BMV (r = 1.00, p = 0.0005)
(Fig. 7). A Bland-Altman plot illustrates the time between
birth and cry for the observed and MDT data (Fig. 8).

Table 3 Responses on the ease of using the MDT
Item

Extremely difficult
(Not user friendly)

Slightly difficult to Moderately
use
easy to use

Extremely
easy to use

How easy it was to use this Android based application in terms of starting
the timer device?

0 (0 %)

4 (13.3 %)

12 (40.0 %)

14 (46.6 %)

How easy it was to use this Android based application in terms of getting
quality voice records for events (Birth and Cry/Bag)?

0 (0 %)

5 (16.7 %)

8 (26.7 %)

17 (56.7 %)

How easy it was to use this Android based application in terms of filling
out the information on Mobile phone?

0 (0 %)

3 (10.0 %)

8 (26.7 %)

19 (63.3 %)

How easy it was to use this Android based application in terms of
synchronization/data transfer?

0 (0 %)

3 (10.0 %)

6 (20.0 %)

10 (33.3 %)

Somannavar et al. BMC Pediatrics (2015) 15:93

to our knowledge, to facilitate automatic timing of significant birth events. The BAs were able to use the devices
successfully with minimal training and the recordings provided valid event timing. The majority of the BAs (83 %)
felt that MDT helped them to ensure that successful ventilation was achieved within the Golden Minute. This type
of device may be useful in reinforcing HBB and similar
newborn resuscitation training.
This pilot study was designed to test the feasibility and
acceptability of using an Android type system to collect
small amounts of data. This was a pragmatic study
aimed at capturing a convenience sample of deliveries
thus one limitation of the study was that we were able to
time less than 50 % of the deliveries with MDT due to a
variety of reasons. Of the 124 BAs trained for HBB in
the five facilities, only 46 BAs actually used the MDT.
Therefore, only births conducted during the time the
participating BAs were present in the delivery room
were timed. We initially trained five facility coordinators
who in turn trained other BAs working in their facilities.
Hence, the training for the use of MDT occurred over a
period of time and consequently not all births could be
timed. Caesarean deliveries (n = 690) and those who arrived to the delivery room with signs of imminent delivery were excluded. While the Android application was
useful in the field testing, the survey results suggested
that further refinement and assessment using sound/
voice recognition instead of the manual process to determine the time difference. Further research is needed
to confirm its usefulness for a wider application. In
addition, this study had limitations regarding the small
number of babies requiring BMV; however, with the increasing emphasis on stimulation in HBB training, this
result is not altogether surprising [4–6, 12–14]. This was
a pilot study aimed at whether or not the BAs would use
the MDT device. A larger study in less controlled environments may be required to assess the feasibility and
larger applicability of the device. In essence, the primary
focus of the MDT is to assess the feasibility of Golden
Minute resuscitation by BAs trained for HBB in diverse delivery settings. Feasibility of timely resuscitation is a question that needs to be addressed,
especially in resource limited settings with a single
birth attendant caring for the mother and the newborn. This is not a limitation of this MDT validation
study, but, rather of the HBB training program itself
and the MDT may well help us answer that question
in a more objective manner.

Conclusions
The goal of any resuscitation effort is to establish spontaneous respiration at the earliest and prevent insult
from to the newborn. The MDT is a tool for the BAs to
evaluate their proficiency in achieving it and improve on
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performance with each resuscitation experience. Simple,
effective tools such as this are needed to reinforce safe
delivery practices, especially in low-resource settings.
With improvement, this type of device may be useful in
international efforts to improve newborn resuscitation,
both for research and clinical practice.
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Abstract
Background: Maternal deaths have been attributed in large part to delays in recognition of illness, timely transport
to facility, and timely treatment once there. As community perceptions of pregnancy and their complications are
critical to averting maternal morbidity and mortality, this study sought to contribute to the literature and explore
community-based understandings of pre-eclampsia and eclampsia.
Methods: The study was conducted in rural Karnataka State, India, in 2012–2013. Fourteen focus groups were held
with the following community stakeholders: three with community leaders (n = 27), two with male decision-makers
(n = 19), three with female decision-makers (n = 41), and six with reproductive age women (n = 132). Focus groups
were facilitated by local researchers with clinical and research expertise. Discussions were audio-recorded, transcribed
verbatim and translated to English for thematic analysis using NVivo 10.
Results: Terminology exists in the local language (Kannada) to describe convulsions and hypertension, but there were
no terms that are specific to pregnancy. Community participants perceived stress, tension and poor diet to be
precipitants of hypertension in pregnancy. Seizures in pregnancy were thought to be brought on by anaemia,
poor medical adherence, lack of tetanus toxoid immunization, and exposure in pregnancy to fire or water.
Sweating, fatigue, dizziness-unsteadiness, swelling, and irritability were perceived to be signs of hypertension,
which was recognized to have the potential to lead to eclampsia or death. Home remedies, such as providing the
smell of onion, placing an iron object in the hands, or squeezing the fingers and toes, were all used regularly to treat
seizures prior to accessing facility-based care although transport is not delayed.
Conclusions: It is evident that ‘pre-eclampsia’ and ‘eclampsia’ are not well-known; instead hypertension and seizures
are perceived as conditions that may occur during or outside pregnancy. Improving community knowledge about, and
modifying attitudes towards, hypertension in pregnancy and its complications (including eclampsia) has the potential
to address community-based delays in disease recognition and delays in treatment that contribute to maternal and
perinatal morbidity and mortality. Advocacy and educational initiatives should be designed to target knowledge gaps
and potentially harmful practices, and respond to cultural understandings of disease.
Trial registration: NCT01911494
Keywords: Perception, Culture, Seizures, Rural population, Pregnancy, Pre-eclampsia, Traditional, medicine,
Hypertension, India, Attitude, Eclampsia

* Correspondence: Marianne.vidler@cw.bc.ca
1
Department of Obstetrics and Gynaecology, and the Child and Family
Research Unit, University of British Columbia, Vancouver, BC, Canada
Full list of author information is available at the end of the article
© 2016 Vidler et al. Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made. The Creative Commons Public Domain Dedication waiver
(http://creativecommons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated.

Vidler et al. Reproductive Health 2016, 13(Suppl 1):35

Background
Reduction of maternal and perinatal mortality is a global
priority, particularly in low-and-middle-income countries (LMICs) where more than 99 % of these deaths
occur. Increasingly, it is recognized that for every
woman who dies, up to 25 others suffer a potential lifechanging morbidity [1].
India accounts for 17 % of all maternal deaths
worldwide [2]. Since 2004, efforts to lower maternal
mortality, such as the National Rural Health Mission
(NRHM) [3], have had some success. The latest estimated maternal mortality ratio (MMR) of India is
190- 282/100,000 live births but there is regional variation; the MMR in Karnataka state is below the national average at 144/100,000 live births [4, 5], but it
is still the highest in South India. Also, the current
MMR has not reached the global Millennium Development Goal 5 of a ¾ reduction in maternal mortality, equivalent to 109/100,000 live births in India [6].
The hypertensive disorders of pregnancy (HDPs) are
responsible for ~14 % of all maternal deaths, with little
change in rates in recent years [7]. The most dangerous
of the HDPs, pre-eclampsia, is typically defined as the
onset of new hypertension with significant proteinuria in
pregnancy [8].
While management of pre-eclampsia involves the use
of antihypertensive therapy to control blood pressure
and steroids to accelerate fetal pulmonary maturity at
gestational ages before 34 weeks, the only effective cure
is delivery of the placenta [9]. Even then, the disease can
worsen, or appear for the first time, postpartum. Although the disease can affect almost any organ in the
body, involvement of the brain with seizures, known as
eclampsia, poses particular risk for mother and baby.
Maternal deaths and complications in pre-eclampsia
(and in general) have been attributed in large part to
delays in recognition of illness and in timely transport
to facilities for treatment [10]. As such, community perceptions of pre-eclampsia and eclampsia are critical to
averting maternal morbidity and mortality. The limited
literature suggests widespread misconceptions globally
regarding presentation, cause, and appropriate treatment of pre-eclampsia [11]. Most research has focused
on women’s perceptions without exploring those of
other key decision-makers. For example, in Karnataka
State, India, only 13 % of pregnant women had accurate
knowledge about pre-eclampsia [12]. Also, in a systematic review of maternal health interventions in resource
limited countries, only 37 % of programmes included
community-based education and communication [13].
As part of the feasibility work for the Community Level
Interventions for Pre-eclampsia (CLIP) (NCT01911494)
cluster randomised controlled trial [14], community perceptions of pre-eclampsia and eclampsia in Karnataka
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State, India were explored. This study aimed to inform implementation of the CLIP intervention, as
well as to inform researchers, program managers,
health care providers and policy makers about how
best to address delays in triage, transport and treatment of women with pre-eclampsia and eclampsia.

Methods
Study area

This study was conducted in Belgaum and Bagalkot
Districts of Karnataka, in South India (Fig. 1). Social
and health indicators of Karnataka are generally lagging
compared with other southern Indian States. This gap
is explained by fragmentation of the social, political and
administrative structure, prevailing mismanagement,
and a lack of state commitment and leadership regarding maternal health [3, 15]. Karnataka shares similar
cultural practices with other Indian states, including a
strong culture of patriarchy, limited decision-making
power for women, early age of marriage, and high fertility rates. The health care infrastructure is often inadequate, particularly in rural areas where access to
timely health services is a challenge. For additional
study site characteristics see Table 1.
Data collection

Data were collected as part of a larger study aimed at
assessing the feasibility of implementing a communitybased treatment package for pre-eclampsia by community health care workers (NCT01911494) [14]. A detailed
description of the methods has been published [16].
In brief, focus group discussions were conducted to
elucidate community views from: community leaders,
male and female decision-makers, and women of reproductive age. These groups were chosen as influential
members of the community and family, particularly
regarding health knowledge and decision-making.
Mothers, mothers-in-law and husbands are typically responsible for household decisions and are influential in
the beliefs and practices adopted by other household
members. Male and female decision-makers were
approached for participation when they accompanied
women of reproductive age to the health centre. Focus
group discussions were conducted with each stakeholder group separately at primary health centres, between January and March 2013. Discussions were in the
local language, Kannada, to best promote interaction
between community members. A semi-structured guide
was used for all discussions, this approach allowed interviewers to tailor questions and probes as needed for
differing groups; open-ended questions promoted free
and open discussion among participants. The discussion guide was developed to meet the objectives of this
study and had been created to fit the cultural context
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Fig. 1 Map of study sites, Karnataka State, India

of South India. Focus group leaders had backgrounds
in public health, community medicine or obstetrics.
These professional and educational backgrounds made
facilitators well-equipped for discussions on this topic,
all also underwent study-specific training regarding
qualitative data collection. Further meetings were to
be scheduled thereafter if data saturation was not reached.
All discussion notes and audio recordings were
transcribed verbatim and translated to English for
analysis using NVivo 10. Coding was done by one researcher (MV), after which all coded transcripts and
thematic associations were cross-checked by the local
research team to resolve any discrepancies and reach
consensus. Using deductive reasoning, results were
grouped into predetermined categories of key themes
related to community perceptions of pre-eclampsia
(Fig. 2). Inductive reasoning was used to incorporate
new and unexpected ideas. This produced a comprehensive analysis structure to reflect the richness and
variety of responses. A priori, the following thematic
categories were to be explored for pre-eclampsia: local

terminology, perceived cause, warning (‘danger’) signs,
perceived consequences, and traditional treatments.
This study was approved by ethics review committees
at the University of British Columbia, Vancouver Canada
(H12-00132) and KLE University, Belgaum India (MDC/
IECHSR/2011-12).

Results
There were 14 focus group discussions with 219 individuals: community leaders (3 groups, 27 participants),
male decision-makers (2 groups, 19 individuals), female
decision-makers (3 groups, 41 individuals), and women
of reproductive age (6 groups, 132 individuals). The age
of participants ranged from 18 to 65 years, and occupation was generally “agricultural or domestic labour”.
There were diverse educational backgrounds, some
with no formal schooling, particularly in groups of female decision-makers and women of reproductive age,
and several with University completion. Most women
of reproductive age who participated were pregnant at
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Table 1 Study site characteristics
India Characteristics
Population

1,210,193,444

2

Size (Km )

3,287,590

Number of states

28

Number of union territories

7

Predominant language

Hindi

Predominant religion

Hindu

Literacy rate of women 15–49 years

55 %

Karnataka State Characteristics
Population

61,130,704

2

Size (Km )

191,791

Number of districts

30

Predominant language

Kannada

Predominant religion

Hindu

Literacy rate of women 15–49 years

60 %

86,470

Cumulative size (Km2)

608

Number of clusters sampled

4

Number of villages

34

(International Institute for Population Sciences and Macro International, 2007)

the time (79 %), and over half had at least one child
under the age of 5 (66 %) (Table 2).
Local terminology

Hypertension in pregnancy was referred to as ‘BP’
(blood pressure) in all stakeholder groups. In contrast,
there were several terms used to describe convulsions

Traditional
Treatments

Perceived
Consequences

Fig. 2 Thematic analysis categories

“If blood pressure is high only then fits will occur”
[community leader]
Perceived causes

Site Characteristics
Cumulative population

in pregnancy or eclampsia (Table 3). Most commonly
eclampsia was described as ‘jhataka’ or ‘fits’. Other
terms used were ‘lakawa’ and ‘ardhangi’ (meaning
paralysis) or ‘nanju agide’ (meaning infection).
The community members had little understanding
of pre-eclampsia or eclampsia as pregnancy complications. Eclampsia was often not differentiated from
general convulsive disorders. Some respondents believed pre-eclampsia and eclampsia were related while
others were unsure or did not believe this. However,
even those who recognized this relationship often did
not know the mechanism or direction of the association.

The vast majority of respondents stated that hypertension in pregnancy was due to diet and tension or
stress, particularly related to marital conflict or concerns that the fetus may be female. Poor diet was described as those high in salt or sugar and with excess
fried and oily foods. Some felt hypertension in pregnancy had medical origins, while others believed the
causes to be socio-economic and cultural (Table 4).
By and large respondents expressed similar understandings of the causes of pre-eclampsia, however, it
should be noted that male-decision makers provided
the fewest responses, likely related to their lack of familiarity with the condition.
“Those who worry more about their family they will
have more BP” [female decision-maker]

Local
Terminology

Community
Perceptions of
Pre-eclampsia

Perceived
Causes

Danger
Signs
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Table 2 Focus group characteristics
Number N participants Age (yr)
Occupation
Child <5 years Pregnant
Median [range] 1 Housewife
2 Labourer
3 Employee
4 Self-employed
5 Other

Education
1 No formal schooling, cannot
read or write
2 No formal schooling, can read
and write
3 Primary school incomplete
4 Primary school complete
5 Secondary school incomplete
6 Secondary school complete
7 Pre-university incomplete
8 Pre-university complete
9 University incomplete
10 University complete
11 Postgraduate
12 Don’t know

Relationship to woman
1 Husband
2 Father
3 Father-in-law
4 Mother-in-law
5 Mother
6 Other

Community Leaders
1

7

36[31,48]

1 = (N = 1)
2 = (N = 6)

Not asked

Not asked

1 = (N = 1)
6 = (N = 1)
8 = (N = 2)
10 = (N = 3)

Not asked

2

10

36[24,51]

1 = (N = 3)
4 = (N = 3)
5 = (N = 4)

Not asked

Not asked

1 = (N = 1)
3 = (N = 1)
4 = (N = 1)
5 = (N = 1)
6 = (N = 3)
8 = (N = 1)
9 = (N = 1)
10 = (N = 1)

Not asked

3

10

Not known

Not known

Not asked

Not asked

Not known

Not asked

Male Decision-Makers
1

8

26[18,57]

2 = (N = 4)
3 = (N = 1)
4 = (N = 1)
5 = (N = 2)

Not Applicable Not Applicable 1 = (N = 4)
3 = (N = 2)
6 = (N = 2)

1 = (N = 4)
3 = (N = 2)
6 = (N = 2)

2

11

49[33,59]

3 = (N = 2)
5 = (N = 9)

Not Applicable Not Applicable 3 = (N = 4)
5 = (N = 1)
6 = (N = 1)
10 = (N = 1)
12 = (N = 4)

2 = (N = 4)
3 = (N = 3)
6 = (N = 4)

Female Decision-Makers
1

10

45[30,60]

1 = (N = 9)
2 = (N = 1)

Not Applicable Not Applicable 1 = (N = 8)
4 = (N = 2)

4 = (N = 6)
5 = (N = 2)
6 = (N = 2)

2

18

45[28,65]

1 = (N = 5)
3 = (N = 1)
4 = (N = 1)
5 = (N = 11)

Not Applicable Not Applicable 1 = (N = 3)
2 = (N = 1)
3 = (N = 1)
12 = (N = 13)

Not Known

3

13

48[30,65]

1 = (N = 13)

Not Applicable Not Applicable 3 = (N = 1)
5 = (N = 1)
12 = (N = 11)

4 = (N = 7)
5 = (N = 1)
6 (N = 5)

Women of Reproductive Age
1

55

Not Known

Not Known

Not Known

Not Known

Not Known

Not Known

2

16

25[20,30]

1 = (N = 16)

56 %

75 %

3 = (N = 3)
4 = (N = 1)
5 = (N = 1)
6 = (N = 2)
8 = (N = 2)
10 = (N = 1)
12 = (N = 6)

Not Applicable
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Table 2 Focus group characteristics (Continued)
3

14

23[18,30]

1 = (N = 9)
2 = (N = 5)

36 %

86 %

1 = (N = 3)
3 = (N = 3)
4 = (N = 1)
5 = (N = 1)
6 = (N = 3)
8 = (N = 2)
10 = (N = 1)

Not Applicable

4

17

Not Known

1 = (N = 17)

88 %

100 %

Not Known

Not Applicable

5

14

22[18,58]

1 = (N = 12)
3 = (N = 2)

71 %

50 %

3 = (N = 3)
5 = (N = 3)
6 = (N = 3)
10 = (N = 2)
12 = (N = 3)

Not Applicable

6

16

20[19, 26]

1 = (N = 16)

69 %

63 %

3 = (N = 7)
4 = (N = 4)
5 = (N = 1)
6 = (N = 3)
8 = (N = 1)

Not Applicable

“If they have disturbed food habits…like eating less or
not eating properly or eating only limited food then
they may have weakness and that may cause BP”
[woman of reproductive age]
Some gave similar responses for eclampsia; however,
anaemia, poor medical adherence, not being immunized
against tetanus, and exposure to fire or water in pregnancy were also commonly mentioned. It was described
that a lack of regular antenatal attendance and adherence to medical advice and treatment could result in seizures in pregnancy (Table 4).
“If they go near water …then they will get fits” [woman
of reproductive age]
Danger signs

The most commonly reported signs or symptoms of preeclampsia were sweating, fatigue, dizziness-unsteadiness,
swelling, anger, and talking too much. Respondents had a
more challenging time explaining the danger signs of
eclampsia, and often stated signs associated with active
convulsions: frothing, shaking, eyes rolling upwards,
clenching teeth, and tongue biting.
“I witnessed one woman having fits, I saw that woman
in hospital having labour pains and suddenly she had
fits. Her hand, leg and body started shaking, became

Table 3 Local terms for ‘eclampsia’
Local terms for ‘eclampsia’
JhatakaZataka

Moorcha rogaMala roga

Lakawa

Pepri

Nanju agide

Ghali shaka

Fits

ShatibyaniSete bene

Ardhangi

stiff, she bit her tongue, her eyeballs rolled up” [male
decision-maker]
Perceived consequences

The most serious and most commonly cited consequences of hypertension or seizures in pregnancy were
death of the mother and/or infant. Preterm delivery was
also often mentioned. Concerns were raised about the
need for Caesarean deliveries by women of reproductive
age, which was felt to be highly undesirable. Seizures
and heart-related problems were thought to be consequences of pre-eclampsia. Many participants from all
groups professed ignorance about the consequences of
eclampsia (Table 5).
“High BP can endanger the life of a woman; it may
lead to death of a woman which in turn is a problem
for us” [female decision-maker]
There were differences of opinions regarding the severity of pre-eclampsia and eclampsia, nevertheless
many felt these conditions could be fatal.
Traditional treatments

Neither traditional nor home-based remedies were reported for treating hypertension in pregnancy, although
a few participants recommended restricting dietary salt.
Various home remedies were reported in all focus group
discussions for seizures in pregnancy, either during or
immediately following a seizure, including providing the
‘smell of an onion’, placing an iron object or keys in the
hand, and squeezing or rubbing the fingers and toes.
Many also recommended that an object should be
placed between a woman’s teeth to avoid biting her
tongue. It was noted that the described practices typically do not prevent or delay transfer to hospital.

Vidler et al. Reproductive Health 2016, 13(Suppl 1):35

Page 51 of 97

Table 4 Perceived causes of ‘pre-eclampsia’ and ‘eclampsia’
Causes of ‘pre-eclampsia’ Malnutrition

Martial problems

Changes in body system

Causes of ‘eclampsia’

Stress

Tension

Medication side-effect Poor adherence to medication Lack of regular check-ups

Lack of physical activity

Short temper

Poverty

Poor diet

Home remedies

Reduced blood

Lack of water

Worries related to sex of baby

Family problems

Anaemia

Anaemia

Lack of energy

Hereditary

Blood pressure

Poor adherence to medication

Malnutrition

Exposure to fire, water or heat Lack of regular check-ups

Lack of Tetanus Toxoid vaccination Tension

Child marriage

Exposure to cold

Fear

“For the time being, we should give any iron object in
her hand and then we should take her to hospital”
[woman of reproductive age]

Discussion
There was very limited understanding of pre-eclampsia
and eclampsia in these communities. In the two Districts
of rural Karnataka, eclampsia was not differentiated
from other convulsive disorders. Most did not realize
pre-eclampsia and eclampsia are related, and those who
did recognize this relationship often did not know its
aetiology or that eclampsia progresses from preeclampsia. Local terms exist for hypertension and
Table 5 Outcomes for pre-eclampsia and eclampsia

Pre-eclampsia

Outcomes affecting
the mother

Outcomes affecting
the infant

Mental imbalance

Stress

Heart complications

Meconium aspiration

Delivery complications

Delayed delivery

Delayed delivery

Death

Miscarriage

Stunted growth

Bleeding
Death
Damage to the uterus
Weakness
Anaemia
Seizures
Coma
Falls
Fatigue
Paralysis
Brain tumours
Swelling
Eclampsia

Death

Death

Miscarriage

Injury

Injury

convulsions, some of which accurately, and others of
which inaccurately, describe these conditions. Significant
knowledge gaps were evident, particularly regarding
warning signs, causes, and outcomes. No traditional
remedies were reported for pre-eclampsia; however,
there are a number of home-based remedies given to
women who experience seizures in pregnancy.
The finding, that women had limited knowledge of preeclampsia and the associated signs and symptoms, is consistent with results from Nigeria and Pakistan [16–18].
Other studies, however, have found greater awareness of
the condition [11, 19–21]. Attitudes expressed by participants regarding the cause of pre-eclampsia reflect the cultural dynamics with prevalent worry of giving birth to a
female child. Pre-eclampsia was linked to exposure to fire
or water, a myth that prevailed among many of the participants in the study. Similar to our study, in Nigeria and
Brazil, pre-eclampsia was attributed to mental stress or
diet, though they also attributed the condition to heredity
[11, 22]. El-Nafty & Omotara [19] found four common explanations for causes of eclampsia in Nigeria: supernatural
causes, malnutrition, heredity, and early age of marriage.
In Bangladesh, community members thought eclampsia
was due to exposure to a cold environment, physical
weakness from malnutrition, hypertension, lack of tetanus
immunization, and supernatural causes [20]. Our study
findings are also consistent with other study results
wherein communities perceive hypertensive disorders of
pregnancy to be serious and potentially harmful conditions [20–23]. This high level or perceived severity is likely
to influence health care seeking as described by the health
belief model and these findings [24].
This study was conducted with a high degree of rigour
in close collaboration with local and international experts
and with guidance from an international consortium of
advisors. These findings represent a comprehensive view
of the community’s beliefs and practices due to participation with various stakeholders. The study procedures, including training of facilitators, careful translation of
guides, and expert guidance all contribute to the strengths
of the study.
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As many participants were identified through primary
health centre networks, women who did not interact with
the health system may have been less likely to be included
in the sample. The non-probabilistic sampling of this
study inhibits the ability generalize findings, as indicated
by the consistencies and inconsistencies of our findings
with other studies as previously described. The results are
further limited by the translation from Kannada to English
for analysis, through which some of its meaning may have
been lost. Although researchers were not providing direct
clinical care to any of the participants, their dual role as
researchers and clinicians may have introduced some bias
and made participants more likely to respond favourably.
Sensitive topics for discussion may have received less open
discussion. While those conducting and facilitating the
discussions were trained to garner equal input from all,
focus group dynamics may have enhanced or hindered
dialogue by some members.
Given that this study has identified knowledge gaps,
there is a need to increase awareness of, and dispel
common myths and misconceptions related to, the
HDPs. Education and community engagement initiatives can assist women and communities to recognize
the causes, risk factors, and warning signs associated
with pre-eclampsia and eclampsia. Health professionals
should facilitate dialogue with pregnant women and
families in ways that will correct misinterpretations of
the disease. To date, much of the education delivered
through maternal and child health initiatives have targeted health facilities with limited evidence of the effectiveness [25]. Community-based education of diverse
groups can reach a wider population. There is mounting evidence of the effectiveness of community and
women’s groups to improve health outcomes [26, 27].
These types of approaches would strengthen the
current efforts and mandate of the NRHM which aims
at improving maternal and child health particularly for
vulnerable populations in rural areas.

Conclusions
Study results clearly indicate a need for further education of the community, moving from a narrow biomedical focus and incorporating the diverse cultural and
social factors. Such an approach may positively influence knowledge and practice regarding pre-eclampsia
and eclampsia. Greater community education on preeclampsia is necessary to achieve effective implementation of research and programmatic initiatives to improve morbidity and mortality.
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Objective To assess whether secondary prevention, which

preemptively treats women with above-average postpartum
bleeding, is non-inferior to universal prophylaxis.
Design A cluster-randomised non-inferiority community trial.
Setting Health sub-centres and home deliveries in the Bijapur

district of Karnataka, India.
Population Women with low-risk pregnancies who were

eligible for delivery with an Auxiliary Nurse Midwife at home
or sub-centre and who consented to be part of the
study.
Methods Auxiliary Nurse Midwifes were randomised to secondary

prevention using 800 mcg sublingual misoprostol administered to
women with postpartum blood loss ≥350 ml or to universal
prophylaxis using 600 mcg oral misoprostol administered to all
women during the third stage of labour.
Main outcome measures Postpartum haemoglobin ≤7.8 g/dl,

mean postpartum blood loss and postpartum haemoglobin,
postpartum haemorrhage rate, transfer to higher-level facilities,
acceptability and feasibility of the intervention.
Results Misoprostol was administered to 99.7% of women as

primary prevention. In secondary prevention, 92 (4.7%) women

had postpartum bleeding ≥350 ml, of which 90 (97.8%) received
misoprostol. The proportion of women with postpartum
haemoglobin ≤7.8 g/dl was 5.9 and 8.8% in secondary and
primary prevention clusters, respectively [difference 2.9%,
one-sided 95% confidence interval (CI) <1.3%]. Postpartum
transfer and haemorrhage rates were low (<1%) in both groups.
Shivering was more common in primary prevention clusters
(P = 0.013).
Conclusion Secondary prevention of postpartum haemorrhage

with misoprostol is non-inferior to universal prophylaxis based on
the primary outcome of postpartum haemoglobin. Secondary
prevention could be a good alternative to universal prophylaxis as
it medicates fewer women and is an acceptable and feasible
strategy at the community level.
Keywords Misoprostol, postpartum haemorrhage, primary
prevention, secondary prevention.
Tweetable abstract Secondary prevention of postpartum
haemorrhage with misoprostol is non-inferior to universal
prophylaxis.
Linked article This article is commented on by AD Weeks, p. 128
in this issue. To view this article mini commentary visit http://
dx.doi.org/10.1111/1471-0528.13606.
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Introduction
Trial registration: The trial is registered with ClinicalTrials.gov
(NCT01462422). https://clinicaltrials.gov/ct2/show/NCT01462422?
term=NCT01462422&rank=1
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Universal prophylaxis (primary prevention) lowers mean
postpartum blood loss, which reduces the incidence of
postpartum haemorrhage (PPH) (blood loss ≥500 ml
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within 24 hours after delivery1). However, administration
of prophylactic uterotonics (e.g. oxytocin or misoprostol)
during third stage labour does not eliminate the need for
treatment for some women.2 It is unclear whether universal
prophylaxis saves women’s lives, but it is evident that routine uterotonic prophylaxis is not 100% effective in preventing PPH. Clinical trials demonstrate that 6–16% of
women still lose >500 ml blood despite prophylaxis.3–6
Programs focusing solely on universal prophylaxis fail to
meet the needs of all women. Moreover, cost, logistics and
supply-chain burdens of universal prophylaxis programs
create challenges for sustainability.
We investigated a new service delivery model, which
‘treats’ incipient PPH early by offering uterotonics to a
subset of women with above-normal postpartum blood
loss. This ‘secondary prevention’ model has the potential to
be a less expensive alternative to universal prophylaxis, and
exposes fewer women to side effects.2 Additionally, this
strategy could efficiently focus resources on those women
in danger of experiencing PPH.
A secondary prevention model may be most advantageous at the community level, where PPH treatment
options and transfer to higher level care are commonly
inaccessible. Oxytocin, the gold standard for PPH prevention and treatment,7,8 is less available in the community,
given refrigeration requirements and parenteral administration.9 Misoprostol, a prostaglandin E1 analogue, is a
heat-stable tablet. A substantial body of evidence has demonstrated its effectiveness for the prevention and treatment
of PPH.10 The current non-inferiority misoprostol trial was
designed to assess whether a secondary prevention strategy
resulted in maternal outcomes no worse than universal
prophylaxis outcomes.

Methods
The cluster-randomised trial was implemented from
December 2011 to March 2014 in the Bijapur district of
Karnataka, India, and included deliveries conducted by
Auxiliary Nurse Midwives (ANMs) at health sub-centres
and women’s homes. Health sub-centres, which are the
lowest health post level within the Indian Rural Health System, are commonly staffed by one ANM and consist of one
or two rooms with a delivery table, basic first aid medical
equipment, and no refrigeration capabilities. The unit of
randomisation for the study was ANMs, and deliveries
enrolled by each ANM constituted a cluster.
Auxiliary Nurse Midwifes informed women about the
study during antenatal care and administered eligibility
screening and informed consent during early labour. Exclusions included women at high risk (as per the guidelines of
the Ministry of Health of India, e.g. high blood pressure,
multiple gestations) or in active labour at the time of con-

sent. Informed consent was documented via the woman’s
signature or thumbprint. Information on the delivery was
collected by ANMs using a standardised data collection
instrument.
Auxiliary Nurse Midwifes provided the standard of care
during the second stage of labour. Postpartum blood loss
was collected for all women in a calibrated blood collection
drape (Brasss-V Drapes, Excellent Fixable Drapes, Madurai,
Tamil Nadu, India). ANMs monitored blood loss and
recorded the level 1 hour after delivery.
Auxiliary Nurse Midwifes allocated to universal prophylaxis administered 600 mcg (three 200-mcg tablets) oral
misoprostol (Misoprost, Cipla, Mumbai, India) to women
within 5 minutes of birth and gave routine postpartum
care (which could include uterine massage, controlled cord
traction, and cord clamping). ANMs allocated to secondary
prevention administered 800 mcg (four 200-mcg tablets)
sublingual misoprostol, the recommended dose for postpartum haemorrhage treatment,11,12 only if blood loss reached
≥350 ml on the collection drape (reports show a blood loss
of >350 ml represents the top quartile of women with measured postpartum blood loss).13 ANMs recorded postpartum care and side effects associated with misoprostol
(shivering, fever, headache, nausea, vomiting, diarrhoea,
abdominal pain/cramping, palpitations, and seizures).
Auxiliary Nurse Midwifes were trained to diagnose PPH
if blood loss was 500 ml or more, although diagnosis could
be made based on other clinical factors (e.g. uterine tone,
woman’s general condition). If postpartum haemorrhage
was diagnosed, the standard of care was provided, including transfer to higher-level care. Research staff visited all
enrolled women 72 hours (8 hours) after delivery to
measure postpartum haemoglobin via a portable handheld
€
Sweden) and to collect
device (HemoCue, Angelholm,
information on acceptability of the interventions (problems
taking misoprostol, preferences for future deliveries and
recommendation to family/friends).
Before the trial commenced, 51 ANMs from three subdistricts were stratified by sub-district and delivery volume
and randomised to the primary or secondary prevention
strategy. In August 2012, seven ANMs from two additional
sub-districts were added following the same stratification
and randomisation rules. Randomisation was performed by
Gynuity Health Projects using a computer-generated random sequence within each stratum. There was no masking
because the studied interventions required distinct
approaches to postpartum haemorrhage care that made
masking impractical and would have inhibited assessment
of program feasibility.
The primary outcome for this trial was the proportion
of women with a postpartum haemoglobin ≤7.8 g/dl. This
cut-off value was based on reports of a mean pre-delivery
haemoglobin of 9.8 g/dl among women in India.14–16 A
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drop to 7.8 g/dl would approximate a clinically relevant
2 g/dl decrease in pre- to post-delivery haemoglobin and is
below the value considered indicative of moderate to severe
anaemia (9.0 g/dl).17 Secondary outcomes included mean
blood loss, diagnosis of PPH, mean postpartum haemoglobin, transfer to higher-level facilities, use of additional
interventions for haemorrhage, cost of implementing each
strategy (results to be published separately), and acceptability and feasibility.
Secondary prevention was considered non-inferior to primary prevention if the proportion of women with postpartum haemoglobin ≤7.8 g/dl in secondary prevention clusters
was no more than 7% higher than in primary prevention
clusters (previous community-based studies were estimated
to be 13%).4,5 To assess this outcome, and assuming a 1:1
randomisation and accounting for clustering effect (using an
intracluster correlation coefficient of 0.05), a sample of 3000
deliveries was needed [a = 0.05 (one-sided), 80% power].18
Outcomes were compared by intervention and tested for
statistical significance using the chi-square test (cluster-

adjusted) for categorical variables and mixed linear models
for continuous variables. Risk differences (difference
between proportions of women for each outcome in primary and secondary clusters) and associated 95% confidence intervals were calculated. For the primary outcome, a
one-sided confidence interval was calculated for evaluating
non-inferiority; all other confidence intervals are two-sided.
Between-group comparisons for severity and tolerability of
side effects were made using an adjusted Wilcoxon twosample test.19 Multivariate analysis for the primary outcome was performed via generalised estimating equations
to control for place of delivery and uterotonic administration prior to delivery. Analyses were performed using SAS
9.3 (SAS Institute Inc., Cary, NC, USA).
The protocol was approved by the Health Ministry’s
Screening Committee at the Indian Council of Medical
Research (New Delhi, India) and by Institutional Review
Boards at Jawaharlal Nehru Medical College (Belgaum, India)
and the University of Illinois at Chicago (Chicago, IL, USA).
An independent Data Safety Monitoring Board reviewed the

58 ANMs randomized
Randomization
30 ANMs randomized to
Primary Prevention

28 ANMs randomized to
Secondary Prevention

No. ANMs not trained: 1

Training
No. of ANMs trained: 29

No. of ANMs trained: 26

No. of ANMs that did not
screen any women: 8

No. of ANMs did not enrol
a single case: 3
No. women ineligible: 192
Reason ineligible:
High risk: 129
In active labour: 52
Refused participation: 11

No. ANMs not trained: 2

Screening
No. of ANMs: 21
No. of women screened:
1267

No. of ANMs: 20
No. of women screened:
2192

Enrollment
No. of ANMs: 18
No. of women enrolled:
1075

Women lost to follow-up:
11

No. of ANMs: 20
No. of women enrolled:
1957

Follow-up
No. of ANMs: 18
No. of women with followup: 1064

No. of ANMs that did not
screen any women: 6

No. of ANMs did not enrol
a single case: 0
No. women ineligible: 235
Reason ineligible:
High risk: 173
In active labour: 49
Refused participation: 13

Women lost to follow-up:
20

No. of ANMs: 20
No. of women with followup: 1937

Figure 1. Trial profile.
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study when half the enrolment was achieved. The study is
registered with ClinicalTrials.gov (#NCT01462422).

Results
Figure 1 shows the trial profile. In the primary prevention
group, 1267 women were screened by 21 ANMs for study
eligibility, of whom 1075 (84.8%) were enrolled by 18
ANMs (three ANMs screened but did not enrol any
women). In the secondary prevention group, 20 ANMs
screened 2192 women for study eligibility and enrolled
1957 (89.2%). The analysis of the primary outcome
included 1064 women enrolled by 18 ANMs allocated to
primary prevention and 1937 women enrolled by 20 ANMs
allocated to secondary prevention. The trial stopped when
the sample size of 3000 deliveries was achieved.
Baseline demographics and obstetric history were similar
among women in primary and secondary prevention clusters
(Table 1). Most deliveries occurred in sub-centres (73–
79%). Uterotonics were administered for labour augmentation before delivery in fewer than 10% of all deliveries.
Few women (1.0% primary prevention, 1.8% secondary
prevention) withdrew or were transferred to higher-level
care before delivery (prolonged labour in most cases). Of
Table 1. Baseline comparisons at the subject level
Primary
prevention
No. of clusters
18
No. of deliveries enrolled
1075
Demographics and obstetric history
Age, [n] mean
[1071] 24.6
(min,max)
(18, 39)
# pregnancies, [n] mean
[1072] 2.3 (0, 8)
(min,max)
Number of live births,
[1072] 1.2 (0, 7)
[n] mean (min, max)
Estimated gestational
[1072] 38.1
age, [n] mean (min,max)
(28, 44)
Known previous PPH,
9/1057
n (%)
(0.9%)
Delivery characteristics
Place of delivery, n (%)
n =1066
Sub-centre
839 (78.7%)
Home
227 (21.3%)
Uterotonic given before
92/1068
delivery, n (%)
(8.6%)
Procedures performed
n = 1064
during second or third
stage of labour, n (%)
Uterine massage
735 (69.1%)
Controlled cord traction
551 (51.8%)
Episiotomy
0 (0.0%)

Secondary
prevention
20
1957
[1956] 24.2
(17, 38)
[1956] 2.3 (1, 7)
[1954] 1.3 (0, 6)
[1953] 37.7
(28, 44)
11/1893
(0.6%)
n = 1924
1408 (73.2%)
516 (26.8%)
189/1927
(9.8%)
n = 1920

1385 (72.1%)
814 (42.4%)
3 (0.2%)

the remaining women, 99.7% in the primary prevention
clusters received misoprostol according to the protocol. In
secondary prevention clusters, 4.7% women had postpartum
bleeding of ≥350 ml (compared with 1.9% in the universal
prophylaxis clusters) and should have received misoprostol;
97.8% of these women received the intervention.
The proportion of women with a postpartum haemoglobin measurement of ≤7.8 g/dl was 8.8 and 5.9% in primary
and secondary clusters, respectively [risk difference 2.9%,
upper bound of one-sided 95% confidence interval (CI)
1.3%]. The difference and the 95% CI are below the noninferiority margin of 7.0% (Table 2, Figure 2). After controlling for place of delivery and uterotonic administration
prior to delivery, the main effect was unchanged
(P = 0.270, data not shown).
PPH was diagnosed (based on clinical signs or blood loss
>500 ml) in 0.2% (2/1064) and 0.4% (7/1920) of women
in primary and secondary prevention clusters, respectively
(Table 2). Additional uterotonics were administered for
<0.5% of women in both clusters. Rates for PPH and additional uterotonics were too small to allow for valid confidence interval estimation.
Mean postpartum blood loss was lower in primary prevention clusters (173.9 ml, SD 79.7) than in secondary prevention clusters (197.2 ml, SD 78.9) but was not
statistically significant (difference = 25.0 ml, 95% CI 10.3
to 60.4). There were no cases of severe PPH (blood loss
>1000 ml). Figure 3 shows the distribution of measured
blood loss by intervention arm.
One woman (0.1%) in secondary prevention clusters
who received a blood transfusion at the referral centre was
transferred to higher-level care due to PPH (rates too small
for valid significance testing, Table 2). Three women were
transferred to higher-level care after delivery for other reasons: one for severe shivering (primary prevention); one
for retained placenta (secondary prevention); and one
woman was transferred by the ANM for multiple gestation
(secondary prevention).
Significantly more women in primary than secondary
prevention experienced shivering after delivery (39.5 versus
9.0%, difference = 30.5, 95% CI 56.4 to 4.5; Table 3).
The occurrence of other side effects did not differ by intervention. The majority of side effects were mild, with only
4.2 and 2.2% of women reporting moderate or severe shivering in primary and secondary groups, respectively
(P = 0.151). Less than 1% of women in both groups
described having ‘intolerable’ side effects.
Adherence to the intervention protocol was high in both
sets of clusters (>99%). In only one case (<1%) an ANM
in a secondary prevention cluster administered misoprostol
before delivery of the baby; there was no adverse effect.
Information on acceptability was collected through an
exit interview with all women who received misoprostol.
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Table 2. Primary and secondary outcomes

Primary outcome
Proportion with postpartum Hb ≤7.8 g/dl*
Non-inferiority secondary outcomes
Rate of PPH*,**
Transfer to referral facilities for PPH*,**
Other secondary outcomes
Blood loss (ml)***
[n] mean (SD)
Median (range)
Additional uterotonic for treatment of suspected
PPH at home/sub-centre**
Postpartum Hb, [n] mean (SD)

Primary prevention

Secondary prevention

ICC

Difference (SP-PP)

(n = 1075)

(n = 1957)

94/1064 (8.8%)

115/1937 (5.9%)

2/1064 (0.2%)
0/1064 (0.0%)

7/1920 (0.4%)
1/1920 (0.1%)

[1063] 173.9 (79.7)
175.0 (25, 525)
2 (0.2%)

[1915] 197.2 (78.9)
175.0 (25, 975)
2 (0.1%)

0.289
–

0.1%

[1064] 10.4 (1.9)

[1937] 10.6 (1.7)

0.027

0.14

Difference

0.034

2.9%

–
–

0.2%
0.1%

25.0

95% CI of
the difference****

Up to 1.3%
–
–

10.3 to 60.4
–
0.15 to 0.42

*Non-inferiority measures.
**Rates are too small to allow valid confidence interval estimation and significance testing.
***Blood loss was not available for those subjects for whom a drape was not used. The mid-point of each blood loss interval was used to
estimate blood loss.
****The confidence interval for the primary outcome, the proportion of subjects with postpartum Hb ≤7.8 g/dL is one-sided. All other confidence
intervals are two-sided.

Figure 2. Non-inferiority of secondary prevention relative to primary
prevention. The diamond represents the point estimate of the difference
in the primary outcome and the horizontal bar represents the one-sided
95% CI for testing non-inferiority. Non-inferiority would be accepted if
the 95% CI falls below the pre-defined non-inferiority margin of 7%.
Figure 3. Postpartum blood loss.

Slightly more women in primary prevention reported no
problem taking the pills (97.2 compared with 88.6% who
took misoprostol sublingually). Most women in both clusters who received misoprostol said they would be willing to
take the pills for future deliveries (99.3 versus 100%,
respectively) and would recommend misoprostol to others
(99.2 versus 98.9%, respectively).

Discussion
Main findings
This cluster-randomised community trial shows that secondary prevention of PPH with misoprostol is non-inferior
to universal prophylaxis based on the primary outcome of
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postpartum haemoglobin. All outcomes in secondary prevention clusters, including rate of PPH and transfer, were
found to be no worse than in primary prevention clusters.
The secondary prevention strategy medicated substantially
fewer women (5 versus 99%), who experienced significantly
fewer side effects. Both strategies were feasible for implementation by ANMs at the community level.
This study showed an acute PPH rate of <0.5%, which
is lower than prior published rates for women receiving
misoprostol prophylaxis (6–16%).3–5,20 In addition,
approximately 5% of women bled ≥350 ml in secondary
prevention clusters, which is lower than the 25% hypothesised based on prior studies.13 The reasons for the low lev-
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els of bleeding in this study are unclear, although other
studies document low or declining measured ‘PPH rates’
during study recruitment, thought to be due to increased
provider confidence and training.21,22–25 In compliance
with government policy, ANMs referred high-risk deliveries
to higher-level facilities, and women enrolled may have
constituted a low-risk population, although numerous
studies have shown that it is difficult to identify the
majority of women who will experience PPH based on
pre-existing risk factors. Regardless, medicating 5–25% of
all women may be a practical and reasonable approach to
managing PPH compared with universal prophylaxis, as
PPH is not fully preventable.
Figure 3 compares blood loss curves among women in
primary and secondary prevention clusters. The primary
prevention strategy shifts the curve to lower levels of bleeding, but the reduction is found at <500 ml. The curves are
almost identical at the 500-ml mark and non-existent at
the 1000-ml mark. These findings suggest that secondary
prevention is no different from primary prevention for
clinically meaningful bleeding. There is a small peak in the

curve at 350–400 ml in the secondary prevention group
which represents the point of misoprostol administration;
this presumably reflects an eagerness among providers to
intervene early by offering misoprostol to women who
approach 350 ml blood loss.

Strengths
The trial was implemented following a rigorous non-inferiority trial design and included careful stratification of the
clusters before randomisation. Consistent and strict study
monitoring revealed that there was high compliance among
ANMs in adhering to the protocol. The measurement of
post-delivery haemoglobin and postpartum blood loss via
quantitative methods provided a systematic way to compare outcomes between the universal prophylaxis and secondary prevention groups.

Limitations
During the course of the 2-year trial, the Indian government’s initiative to shift home and sub-centre deliveries to
higher-level institutions impacted the pace of study recruit-

Table 3. Side effects after delivery

Side effects after delivery of the baby
Shivering
Fever
Headache
Nausea
Vomiting
Diarrhoea*
Abdominal pain/ uterine cramping
Seizures
Palpitations*
Severity of side effects and tolerability
Severity of side effects – Shivering
None
Mild
Moderate
Severe
Severity of side effects – Headache
None
Mild
Moderate
Severe
Side effects – Tolerability
No side effects
Tolerable
Neutral
Intolerable

Primary prevention (%)

Secondary prevention (%)

ICC

P-value

N = 1064
420 (39.5)
5 (0.5)
25 (2.4)
14 (1.3)
14 (1.3)
0 (0.0)
64 (6.0)
0 (0.0)
1 (0.1)

N = 1920
173 (9.0)
7 (0.4)
63 (3.3)
8 (0.4)
18 (0.9)
1 (0.1)
328 (17.1)
0 (0.0)
0 (0.0)

0.402
0.005
0.137
0.034
0.056
—
0.399
—
—

0.013
0.746
0.762
0.275
0.760
—
0.285
—
—

N = 1064
644 (60.5)
376 (35.3)
35 (3.3)
9 (0.9)
N = 1064
1039 (97.7)
23 (2.2)
2 (0.2)
0 (0.0)
N = 1060
578 (54.5)
469 (44.3)
8 (0.8)
5 (0.5)

N = 1920
1747 (91.0)
131 (6.8)
34 (1.8)
8 (0.4)
N = 1920
1857 (96.7)
47 (2.5)
16 (0.8)
0 (0.0)
N = 1919
1362 (71.0)
551 (28.7)
0 (0.0)
6 (0.3)

0.378

P-value**
0.151

0.106

0.274

0.429

0.198

*Rates are too small to allow valid confidence interval estimation and significance testing.
**P-values are two-sided. For shivering severity, headache severity, and side effect tolerability, which are ordinal variables, counts and
percentages are presented and P-values are based on a Wilcoxon two sample test which accounts for clustering.19
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ment. Some randomised ANMs did not deliver any women
at home or sub-centres, and we added new ANMs to our
trial. Despite these efforts, more women were enrolled in
the secondary prevention clusters compared with the universal prophylaxis clusters (1957 versus 1075). Careful
monitoring revealed this difference to be due to chance.
We have no reason to believe that there was any bias or
selective recruitment or participation of women in the
study. The proportion of screened women who enrolled in
the study in both sets of clusters was similar (85% in the
universal prophylaxis clusters and 89% in the secondary
prevention clusters).
Also, due to logistical challenges, we could not collect
pre-delivery haemoglobin for enrolled women. Our primary
outcome was based on published data from India on mean
pre-delivery haemoglobin14–16 and a cut-off value that
would reflect a clinically significant 2 g/dl average drop.
We believe our assumption was reasonable and that the
comparison of baseline characteristics indicates that clusters
were homogeneous.

Contribution to authorship

Interpretation

Details of ethics approval

This study shows secondary prevention to be a feasible
strategy, although its implementation necessitates community level providers to identify women with above-average
bleeding. Birth attendants are in any case expected to identify and initiate transfers to higher-level care for women
with excessive bleeding. Secondary prevention would
empower providers to offer misoprostol earlier, rather than
waiting for late signs of haemorrhage or hypovolaemic
shock. Providers can use methods such as a blood loss estimation tool or clinical signs, or some combination of these
to identify women with above average bleeding. The 350ml marker used in this study is somewhat arbitrary and
prompts providers to intervene for women with above
average blood loss. New studies to evaluate alternative
blood assessment tools (recognising that precision is not
essential) such as blood mats or cloths could also help
‘trigger’ early treatment of PPH.

The Institutional Review Board of the University of Illinois
at Chicago, approved the protocol on 18 November 2010
and provided an updated approval on 5 September 2012.
The Institutional Ethics Committee on Human Subjects
Research at the Jawaharlal Nehru Medical College at KLE
University, Belgaum, India, approved the protocol on 20
January 2011. The Health Ministry’s Screening Committee
at the Indian Council of Medical Research, New Delhi,
India, approved the protocol on 23 August 2011.

Conclusion
Secondary prevention is an important step towards a more
strategic (and potentially more cost-effective and sustainable) placement of misoprostol for managing PPH along
the continuum of care. As traditional definitions of prevention and treatment blur, this strategy offers policymakers a
feasible and practical approach to address PPH at the community level.
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Abstract

Background: The incidence of urinary stone disease has shown a steep rise in recent decades along with
marked modifications in dietary habits and life‑ style. There has been an increased prevalence of urinary
stone disease in patients with diabetes. We took up this study to determine the association of diabetes
mellitus with kidney stones in patients undergoing surgical treatment.
Materials and Methods: Patients presenting with renal stones for surgical management formed the study
group. Body mass index (BMI) was calculated by noting the weight and height of the patient. The extracted
stone/stone fragments were analyzed to determine the chemical composition. Urinary pH was similarly
noted in all.
Results: The mean BMI among the diabetics was 26.35 ± 5.20 (range 17.75‑35.60), whereas the mean BMI
among the non‑diabetics was 23.41 ± 2.85 (range 17.71‑31.62) (P < 0.0004). The incidence of uric acid
calculi in the diabetics was significantly high (P < 0.03). The mean urinary pH among the diabetics was
5.61 ± 0.36 and among the non‑diabetics was 6.87 ± 0.32, which was significantly lower (P < 0.000044).
Conclusions: There is a strong association between type 2 diabetes and uric acid stone formation. There
is also a strong association between diabetes mellitus, BMI, and also with lower urinary pH.
Key Words: Diabetes mellitus, renal stones, uric acid stones, urolithiasis
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INTRODUCTION

The incidence of urinary stone disease has shown
a steep rise in recent decades in all industrialized
countries, [1,2] as did the incidence of obesity, the
metabolic syndrome, and type 2 diabetes.[3‑6] These
epidemiologic changes have occurred along with
marked modifications in dietary habits and life‑ style
Access this article online
Quick Response Code:
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DOI:
10.4103/2277-9175.164012

that occurred in all Western and westernized
populations, characterized by a high calorie intake
coupled with reduced physical activity.[7‑9] Similar rise
in incidence of urinary stones has been subjectively
noted in many Indian centers, though the correct
data are not available. This rise in incidence could
probably be explained by the association that exists
among diabetes, obesity, and urinary stone disease.
Two recent studies have revealed an increased
prevalence of nephrolithiasis in patients with diabetes
mellitus (DM) as compared with patients without
diabetes,[10,11] though the exact chemical composition
of the stone was not identified. It has not been well
defined whether calcium (Ca) or uric acid (UA) stones
or both contributed to the increased prevalence of
urinary stone disease in patients with diabetes, as
alterations in urine biochemistry associated with

Copyright: © 2015 Nerli. This is an open‑access article distributed under the terms of the Creative Commons Attribution License, which permits unrestricted use, distribution, and reproduction
in any medium, provided the original author and source are credited.
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obesity and type 2 diabetes may favor the formation
of UA as well as of Ca stones.[12‑15]
We took up this study to determine the association
of diabetes mellitus with kidney stones in patients
undergoing surgical treatment.

significantly high (P < 0.03). The mean urinary pH
among the diabetics was 5.61 ± 0.34 and among the
non‑diabetics was 6.87 ± 0.32, which was significantly
lower (P < 0.0000). The small sample size is the major
limitation of this study.
DISCUSSION

MATERIALS AND METHODS

All patients presenting with renal stones for surgical
management at our hospital formed the study group.
A detailed history of these patients was recorded
which included residential address, source of water,
details of diet, previous history of stones and their
treatment. All patients underwent routine blood and
urinary examination. Urinary pH was noted with
the pH meter and urine was also sent for culture
and sensitivity. Imaging of stones was done both
with ultrasonography and X‑rays. CT (Computed
tomography) was done whenever felt necessary.
Body mass index [BMI = mass (kg)/(height (m)) 2] was
calculated by noting the weight and height of the patient.
All these patients underwent surgical treatment to
extract the renal calculi. Surgical procedures included
open surgery, PCNL (Percutaneous nephrolithotomy)
and RIRS (Retrograde intrarenal surgery). The
extracted stone/stone fragments were analyzed to
note the chemical composition. Measures of central
tendency, standard deviation and Students t‑test
statistical analysis were done using SPSS software
version 16.
RESULTS

During the study period July 2011 to June 2013,
250 patients with renal urolithiasis and 30 patients
with diabetes as co‑morbidity with renal urolithiasis
underwent surgical extraction of the calculi. Among
the diabetics 60% were males and 40% were females,
whereas among the non‑diabetics 70.09% were males
and 29.1% were females. The mean age of the diabetics
was 50.8 ± 12.5 years and in the non‑diabetics was
41.48 ± 11.7 years. The mean BMI among the diabetics
was 26.35 ± 5.21 (range 17.75‑35.60), whereas the mean
BMI among the non‑diabetics was 23.40 ± 2.85 (range
17.71‑31.62). There was a significant difference in the
BMI between these groups (P < 0.0004).
Nearly all of the stones were mixed stones; however
the dominant component such as calcium and uric acid
was noted to classify the stones. Among the diabetics,
70% of the stones were calcium oxalate [Figure 1]
and 30% were uric acid calculi [Figure 2], whereas
among the non‑diabetics 89% of the stones were
calcium stones and 11% were uric acid calculi. The
incidence of uric acid calculi in the diabetics was
2

Urolithiasis is a major cause of morbidity worldwide.
Over $2 billion is spent annually toward the treatment
of stone disease in United States alone.[16,17] Identifying
common systemic diseases that increase the risk of
renal stone formation would help in preventing the
occurrence as well as the recurrence of these stones.
It is well known that Type 2 diabetes mellitus is
characterized by insulin resistance, a metabolic
derangement that may increase the risk of kidney
stone formation.[18] Insulin resistance is associated
with defects in renal ammonium production,[19,20]
and stone formers with diabetes may have more
acidic urine than stone formers without diabetes.[21]
Although a low urinary pH plays a major role in the
formation of uric acid kidney stones,[22,23] a defect in
renal acid excretion also could lead to hypocitraturia,
an important risk factor for calcium stones.[24,25]
In addition, the compensatory hyperinsulinemia
of insulin resistance[18] may increase the urinary
excretion of calcium.[26‑28]
Despite the compelling evidence of insulin resistance
on urine composition, data on the potential association
between diabetes and nephrolithiasis are sparse.
Meydan et al. reported that the prevalence of stone
disease in subjects with diabetes was 21%, compared to
8% (P < 0.05) in non‑diabetic controls.[10] Family history
and male gender were significant risk factors for the
development of urinary stones in the diabetic patients.
Alcohol consumption was a significant risk factor for
the development of urinary stones in diabetics (odds
ratio 3.68; 95% confidence interval 1.29‑10.45;
P < 0.05). However, this study did not adjust for body
mass index, an important risk factor for both diabetes
and nephrolithiasis.[15] Very few prospective studies
have evaluated the association between diabetes

Figure 1: Uric acid calculi
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Figure 2: Calcium oxalate calculi

mellitus and the risk of kidney stones. Taylor et al.[11]
evaluated the relation between DM and prevalent
kidney stones, in a cross‑sectional study of three
large cohorts including over 200,000 participants: The
Nurses’ Health Study I (older women), the Nurses’
Health Study II (younger women), and the Health
Professionals Follow‑up Study (men). They also
prospectively studied the association between DM
and incident nephrolithiasis over a combined 44 years
of follow‑up. They reported that at baseline, the
multivariate relative risk of prevalent stone disease
in individuals with DM compared to individuals
without was 1.38 (95% CI 1.06‑1.79) in older women,
1.67 (95% CI 1.28‑2.20) in younger women, and
1.31 (95% CI 1.11‑1.54) in men. Prospectively, the
multivariate relative risk of incident kidney stone
formation in participants with DM compared to
participants without was 1.29 (95% CI 1.05‑1.58)
in older women, 1.60 (95% CI 1.16‑2.21) in younger
women, and 0.81 (95% CI 0.59‑1.09) in men.
The multivariate relative risk of incident DM in
participants with a history of kidney stones compared
to participants without was 1.33 (95% CI 1.18‑1.50)
in older women, 1.48 (95% CI 1.14‑1.91) in younger
women, and 1.49 (95% CI 1.29‑1.72) in men.
They concluded that DM was a risk factor for the
development of kidney stones, independent of age,
BMI, thiazide diuretic use, and diet.
There has been a general hypothesis that type 2
diabetes may be associated with an increased risk for
formation of uric acid (UA) stones. Insulin resistance,
characteristic of the metabolic syndrome and type 2
diabetes results in lower urine pH through impaired
kidney ammoniagenesis. A low urine pH is the main
factor of uric acid (UA) stone formation, and it is for
this reason that type 2 diabetes should favor the
formation of UA stones.
Our study shows an increased incidence of uric
acid calculi among the diabetics as compared to
non‑diabetics (P < 0.03). Daudon et al.[29] analyzed a
series of 2464 calculi from 272 (11%) patients with
type 2 diabetes and 2192 without type 2 diabetes.
Advanced Biomedical Research | 2015

The proportion of UA stones was 35.7% in patients
with type 2 diabetes and 11.3% in patients without
type 2 diabetes (P < 0.0001). Reciprocally, the
proportion of patients with type 2 diabetes was
significantly higher among UA than among calcium
stone formers (27.8 versus 6.9%; P < 0.0001). Stepwise
regression analysis identified type 2 diabetes as the
strongest factor that was independently associated
with the risk for UA stones (odds ratio 6.9; 95%
confidence interval 5.5 to 8.8). The proper influence
of type 2 diabetes was the most apparent in women
and in patients in the lowest age and body mass
index classes. The authors concluded that their data
provided epidemiologic evidence that type 2 diabetes
was significantly associated with an increased risk
for UA stone formation, because the proportion of UA
stones was strikingly higher in stone formers with
than without diabetes. These findings suggest that
UA nephrolithiasis should be considered as possibly
reflecting a state of insulin resistance rather than
simply UA stone formation. Accordingly, onset of UA
nephrolithiasis in a patient should prompt a check for
type 2 diabetes and the components of the metabolic
syndrome, especially in overweight patients.
Cameron et al.[30] took up a study to identify the
metabolic features that placed patients with type 2
diabetes at increased risk for uric acid nephrolithiasis.
Three groups of individuals were recruited for
this outpatient study: Patients who had type 2
diabetes and were not stone formers (n = 24),
patients who did not have diabetes and were uric
acid stone formers (UASF; n = 8), and normal
volunteers (NV; n = 59). Participants provided a fasting
blood sample and a single 24‑h urine collection for
stone risk analysis. Twenty‑four hour urine volume and
total uric acid did not differ among the three groups.
Patients with type 2 diabetes and UASF had lower 24‑h
urine pH than NV. Urine pH inversely correlated with
both body weight and 24‑h urine sulfate in all groups.
Urine pH remained significantly lower in patients with
type 2 diabetes and UASF than NV after adjustment
for weight and urine sulfate (P < 0.01). Our study
too revealed a lower urinary pH among diabetics as
compared to non‑diabetics (P < 0.000). For a given
urine sulfate, urine net acid excretion tended to be
higher in patients with type 2 diabetes versus NV.
With increasing urine sulfate, NV and patients with
type 2 diabetes had a similar rise in urine ammonium,
whereas in UASF, ammonium excretion remained
unchanged. The authors concluded that the main
risk factor for uric acid nephrolithiasis in patients
with type 2 diabetes was a low urine pH. Higher body
mass and increased acid intake could contribute to
but cannot entirely account for the lower urine pH in
patients with type 2 diabetes.
3
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CONCLUSIONS

There is a strong association between type 2 diabetes
and uric acid stone formation. There is also a strong
association between diabetes mellitus, BMI, and
also with lower urinary pH. It is proposed that uric
acid urolithiasis may be added to the conditions that
potentially are associated with insulin resistance.
It would also make it necessary to screen all patients
with uric acid urolithiasis, especially if overweight
for type 2 diabetes or components of the metabolic
syndrome.
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Abstract
Laurence‑Moon‑Biedl Syndrome is primarily a rare, recessively inherited genetic disorder. The
cardinal features are polydactyly, obesity and retinitis pigmentosa, mental retardation, genital
hypoplasia and cardiac anomalies.This spectrum may extend and may also involve renal anomalies.
Here, we report a rare case of 15‑year‑old boy who was overweight and suffering from Laurence
Moon Biedl syndrome scheduled for closure of atrial septal defect.
Key words: Airway, atrial septal defect, Laurence‑Moon‑Biedl syndrome, obesity

Introduction
Two English Ophthalmologists, Laurence and Moon reported
four cases of retinitis pigmentosa with marked night
blindness and body changes of dwarfism, hypogenitalism
and mental deficiency in 1866.[1] The syndrome is an
autosomal recessive disorder.[2,3] In 1922 Biedl reported
the additional observation of familial occurrence and
polydactyly in association with the above findings. Thus,
this complex became known as the Laurence‑Moon‑Biedl
syndrome. A typical case of Laurence‑Moon‑Biedl syndrome
is characterized by familial occurrence, 48%; mental
retardation, 80%; obesity, 83%; genital dystrophy, 60%;
retinitis pigmentosa, 68%; and polydactyly or syndactyly,
75%.[4] The cardinal features are polydactyly, obesity and
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retinitis pigmentosa, mental retardation, genital hypoplasia
and cardiac anomalies. This spectrum may extend and may
also involve renal anomalies.[5] Other associated anomalies
include, microphthalmia, nystagmus, squint, optic atrophy,
myopia, ptosis, oxycephaly, deaf mutism, congenital heart
disease, renal anomalies spastic paraplegia genuvalgum or
other skeletal anomalies. There is a paucity of literature
published on the anaesthetic management of patients with
this syndrome.

CASE REPORT
A 15‑year‑old boy presented with the chief complaints
of breathlessness (New York Heart Association Grade II)
on exertion since 6 years, which was insidious in onset,
gradually progressive and the symptoms were relieved
after taking rest. He gave the history of night blindness.
The family history given by his father suggested that his
elder siblings suffered from similar symptoms.
He was overweight with body mass index of 24.3 kg/m2
(>85th percentile). Polydactyl of both the hands were noted,
i.e., both hands had 6 fingers each [Figure 1]. The airway
assessment showed a modified Mallampati Grade IV
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Figure 1: Polydactyly

Figure 2: Mallampati grade IV

airway [Figure 2] and thyromental distance of 5 cm.
Systemic examination revealed normal heart sounds with
Grade II ejection systolic murmur and he was not in
congestive cardiac failure. He was mentally retarded. The
ophthalmologist gave the diagnosis of retinitis pigmentosa.

to drift in the nasopharyngeal temperature till 34°C.
A total of 1000 ml of cardioplegia was used and given by
anterograde route. ASD was repaired with pericardial patch
and rerouting of coronary sinus was done. Patent foramen
ovale was closed and cleft in AML was repaired. Rewarming
was done with the nasopharyngeal temperature of up to
35°C and cardiopulmonary bypass was discontinued once
all criteria were met. Total cardiopulmonary bypass time
was 60 min. Heparin reversal was done with protamine
sulphate. Post‑operatively patient received Inj. Fentanyl
0.5 mcg/kg/h. He was placed in high dependency unit,
electively ventilated and extubated after 12 h of the
surgery. His further course was uneventful.

The echocardiography showed ostium primum atrial
septal defect (ASD) with left to right shunt, partial
atrioventricular canal defect, cleft in anterior mitral
leaflet (AML), mild mitral regurgitation, mild tricuspid
regurgitation and maximum pulmonary pressure gradient
of 30 mm hg. Routine blood investigations, renal, and
liver function tests were within normal limits. Chest
radiograph showed cardiomegaly. Electrocardiogram
showed right bundle branch block. He was planned for
the closure of ASD with AML repair.
The patient was premedicated with oral lorazepam (1 mg)
and pantoprozole (20 mg) on the previous night and in the
morning. Keeping difficult intubation cart ready patient
was premedicated with midazolam 0.05 mg/kg, induction
was carried out with fentanyl 6 mcg/kg. Fentanyl was
used for induction according to our institutional protocol
and its known property of cardiovascular stability.
Mask ventilation was easy. Tracheal intubation was
facilitated by vecuronium 0.1 mg/kg. Cuffed Portex oral
7.5 mm endotracheal tube was passed. Anaesthesia was
maintained with 50% oxygen in the air and 1% sevoflurane
with volume control ventilation.
Attempt to cannulate the right internal jugular vein
failed due to short neck; however, left internal jugular
vein cannulation could be achieved. Left femoral artery
cannulation was done for invasive blood pressure
monitoring. Patient underwent median sternotomy
and cardiopulmonary bypass initiated after adequate
heparinization. Inj fentanyl 5 mcg/kg, Inj Midazolam
0.05 mg/kg, and Inj Vecuronium 0.1 mg/kg was added
to cardiopulmonary bypass pump. Patient was allowed

DISCUSSION
Laurence‑Moon Biedl syndrome is a rare genetic disorder
which syndrome has been associated with congenital heart
diseases like ASD, ventricular septal defect, aortic stenosis,
hypertrophy of the interventricular septum and dilated
cardiomyopathy.[6] 15% of patients with ASD develop
elevated pulmonary vascular resistance after adolescence.
As a result of chronic volume overload, patients older than
40 years may develop right ventricular failure leading to
atrial dysrhythmias, tricuspid regurgitation and eventually
congestive cardiac failure.[7] In our case we observed
polydactyly in both hands. Obesity is the one of the major
feature of this syndrome. It usually begins in childhood
and the severity increases with age, with the majority
of cases exhibiting symptoms within the 1st year of life.
The anaesthetic problems associated with this syndrome
include obesity, short neck with consequent difficulty
with venous access, and induction of anaesthesia due to
behavioral activity. There are no data in the literature to
suggest preferred anaesthetic and analgesic agents. Since
the patient exhibited modified Mallampatti Grade IV
airway, we kept the difficult intubation cart ready.
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Cormack‑Lehan grade was three. We could intubate the
patient in a single attempt. Attempt to cannulate the
right internal jugular vein failed. Anatomical distortions
due to short neck might be responsible for the difficulty.
We presently do not have the facility for ultrasound
guided cannulation, however, left internal jugular vein
cannulation could be achieved.

CONCLUSION
In summary, general anaesthesia and cardiopulmonary
bypass were safely performed in this patient with a rare
congenital condition. Although no complication was
encountered in our case, this syndrome has the potential
for difficulties in managing the airway, difficulties
in venous access and the management due to the
cardiovascular system anomaly.
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INTRODUCTION
Normal aging

is

associated with a high
incidence of osteoporosis and bone rnurro*
adiposity.(t) Bone remodeling and adiposity
are both regulated through the hypothalamus
and sympathetic nervous system. Adipocltes

(cells for storing energy) and

osteoblasts

(bone forming cells) derive from a common
progenitor, the mesenchymal stem cell.
This has been well accepted that the most
powerful measurable determinant of fracture
risk is the amount of bone in the skeleton as
measured by Bone Mass Density. Extensive

data have shown that high body weight or
BMI is corelated with high BMD and that a
decrease in body weight leads to bone
1os.(z':) An extensive literature has been

developed exploring the

clinical,

epidemiologic and pathophysiologic Iinkage

between obesity and osteoporosis. The
purpose ofthis study is. to review our current
understanding of this relativety new area of
investigative research.

MATERIAL AND METHODS
DEXA SCAN studies were done for 500
patients ofall age groups over 25 years fiom
Jan 2010 to Jan 2Ol5 attending KLE
University's Dr. prabhakar Kore Hospital and
Medical Research Centre. BMI (kglm2) was
calculated- a.s. weighr

ftg) divided by

height

square (m2;.t+t

We divided 500 patients who were studied
via DEXA scan , into
. normal weight (1 8.5 < BMI, 25 .0 kg/m),
. over-weight (25.0 < BMI,30.0 kg/m), and

.

obese (BMI > 30.0kg/m)

The T-score is a widely used parameter to
assist in the interpretation

of BMD results.It
BMD

measures the departure of the patient,s

value from the mean BMD for a young aduh

healthy population in units of the population
standard deviation (SD).6)

The Z-score is similar in concept to the T_
score, with the exception that the mean

BMD

J_
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age- and sex-matched
and SD for a healthy
are used as reference values

pop"fr,i"t

and SD for
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a

voung normal grouP'
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the increasing
since tt ey would not reflect
with age'
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may have a 7''
'fo,
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elderly
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lheir
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would
"t
that
Put
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;;
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1 S'D' of youngwithin
No*ut BMD value
or above -1)
adult mean (T-score at
and 6rit-"*a,MD value between -1 S'D'
(T-score
young-adult mean

Osteoporosis

;;;;rorr*

BMD value at least -2'5 S'D'

or below
adult mean (T-score at

-2.s)

at several
,*i, "t the hip can be measured
neck'
,.rt"rt including the femoralWard's

io".frrnt.ri., intertrochanteric'

Triangle and/or total hiP'
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spine, where cancellous
u.i*?

ri.
shows a
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,rit"t* ,*.m of bone loss' theareas
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different
variable BMD because
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RESULTS
Distribution

*i

The respondents were classified in to three
broad age groups,25-39 years,40-59 years,

of

gender showed that 87.lYo
were females and the remaining were males.
The sex ratio was found to be male : female =

BMI

Age

i

'1

I

No.

%

No.

Yo

No.

o/o

Total

Normal

3

17.6

7

41.2

7

41.2

I7

ovetweight

7

21.9

12

37.5

13

40.6

32

obese

29

55.8

17

32.7

6

11.5

52

2s-39

10

66.7

5

33.7

40-59

27

39.1

26

37.2

16

23.2

69

60+

)

11.8

5

29-4

10

58.2

17

39

38.6

36

35.6

26

25.7

101

Total

I

and 60 years and above.

:6.7.

15

The BMD was found to be s ignificantly

Age ranged from 25 to 80 years.

higher in obese and severely obese patients as

The mean and standard deviation of age was

compared

50.5 + 1i.5 years.

category.

R. B. Uppin and Srinath M GuPta

to the BMD of normal weight
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But the mean BMD values of obese and
severely obese groups did not differ

significantly.

A

significant negative correlation between

BMI in the normal weight and obese
patients was observed while in the severely
obese group age did not correlate with
the
age and

BMI significantly.

Age and BMD correlated negatively with
each other in all the groups and the
correlation was significant which suggests
that advancing age is associated with tow

BMD

DISCUSSION
Osteoporosis is another major public
health
problem, characterrzed by excessive
skeletal

fragility and susceptibility

to

low_trauma

fracture among the elderly.

This

excessive skeletal fragility is
attributable to intrinsic skeletal factors
such
as low bone mass, unfavorable geometry
at
cortical bone sites, poor bone structure at
cancellous bone sites, and sluggish
or

ineffective repair of microdamage.

Both diseases are af,lected by genetic

environmental factors.
Studies of adipocyte function have revealed
that adipose tissue is not just an inert organ

for energy storage. These molecule ude"t
human energy homeostasis and may
be
involved in bone metabolism, which may

contribute to the complex relationship
between fat mass and bone.The Studies
of

Nalional Osteoporosis Fqundation and
others
suggested that low BMI should be included
in

the risk assessment tools for evaluation
osteoporosis and osteoporotic fracture
risk.

of
(6-

Recently, bone has been considered
an
endocrine organ affecting body weight

control and glucose homoeostasis through
ihe

actions

of

bone-derived factors such

as

osteocalcin and osteopontin. G) The putative

R. B. Uppin and Srinath M Gupta

crosstalk between

fat and the

skeleton

constitutes a homoeostatic feedback system
in which adipokines and molecules secreted

by osteoblasts and osteoclasts represent the

link of an active bone-adipose axis. (e)
has been well accepted that the most
powerful, measurable determinant of fracture

It

risk is the amount of bone in the skeleton,
measured by either

as

BMD

Extensive data have shown that high
body
weight or BMI is correlated with high BMD
and that a decrease in body weight leads
to
bone loss.Obesity is also associated with
BMD because of the conversion of androgen
to estrogen, which improves bone mass in
both men and women and maintains healthy
plasma levels of insulin and regulating
factors
including insulin-like growth factor_l, leptin,

and adiponectin. (rothese correlations are
seen in both men and women, across
the
entire adult age range, and thioughout the
skeleton.

Several potential mechanisms have been
proposed to explain the complex relationship

between
and

-A DEXA SCAN BASED STI,DY

fat and bone mass.

On"

straightforward explanation is that greater
fat
mass imposes a greater mechanical stress
on

bong and in response, bone mass increases
to
accommodate the greater load.Several
lines
of evidence from environmental factors and
medical interventions also support an inverse
correlation between fat mass and bone
mass.

For instance, physical exercise increases
bone
mass while reducing fat mass.
Menopause has' also been associat.a *itt
increased bone loss, increased fat mass,
and
decreased lean mass.

CONCLUSION
This study is an attempt to address one of
the
important public health problems, which

can
be controlled ifpreventive measures
are taken
at an early stage.
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Metabolic

More abotrt the risk factors could not be
investigated, as this is a retrospective case
record analysis. The results of this study
suggest that advancing age and lower BMI
are important risk factors for the occurence
of low BMD and thus leading to osteoporosis.
Further studies are required to investigate the
effect of other factors like exposure to
sunlight, calcium intake, and other habits like
smoking, diet, and so forth.
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Prevalence of Smoking and Its Impact on Treatment Outcomes in
Newly Diagnosed Pulmonary Tuberculosis Patients:
A Hospital-Based Prospective Study
Vinay Mahishale*, Bhagyashri Patil, Mitchelle Lolly, Ajith Eti and Sujeer Khan
Department of Pulmonary Medicine, KLE University, J N Medical College, Belgaum, Karnataka, India.

There is growing evidence that tobacco smoking is an important risk factor for tuberculosis (TB). India, with a population of 1.26 billion, has the highest number of both
TB patients and smokers. The convergence of these two important health hazards is
likely severely affecting India’s TB control programs. This study was carried out to determine the prevalence of smoking in newly diagnosed pulmonary TB patients and the
impact of smoking on disease outcomes in a tertiary care hospital. All patients newly
diagnosed with pulmonary TB as per the Revised National Tuberculosis Program of
India (RNTCP) 2013 criteria were enrolled in the study. On the basis of their self-reported smoking status, the participants were classified as never smokers, current
smokers, and ex-smokers. Patients were started on anti-TB treatment and were followed for 2 years. Among the 2350 subjects (1,758 males and 592 females), 1,593 patients (67.78%) were never smokers. Current and ex-smokers numbered 757 (32.21%),
of which 751 (31.95%) were males and 6 (0.26%) were females. Smoking was associated
with more extensive lung disease, lung cavitation, and positive sputum smear and culture results at baseline. In both current smokers and ex-smokers, sputum smears and
cultures were significantly more likely to remain positive after 2 months of treatment.
Ex-smokers and current smokers had significantly high rates of defaults, treatment
failures, and relapses. The prevalence of smoking is very high in TB patients. Tobacco
smoking is associated with a considerably increased risk of advanced and more severe
disease in the form of lung cavitations, positive sputum smear and culture results, and
slower smear and culture conversion after initiation of treatment. Smoking has a great
negative effect on treatment completion, cure rates, and relapse rates in patients with
pulmonary TB.
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of the world’s TB patients, with incidence rates in the range
of 160 to 180 per 100,000 population. Risk factors such as
overcrowding, alcohol consumption, smoking, drug abuse,
poverty, illiteracy, and HIV have all significantly contributed to escalating rates of TB on some level. One of the
most important of these risk factors is tobacco smoking, the
effect of which on TB was underestimated for several years
in India.
Tobacco smoking is an important prevalent risk factor
for TB. Nearly one-fifth of the world’s population smokes

INTRODUCTION
According to the 2014 World Health Organization (WHO)
Global Report, tuberculosis (TB) continues to be the most
important infectious disease in terms of incidence and
mortality. It is estimated that 9 million new cases and 1.5
million deaths occurred in 2013.1 India has approximately
2 to 3 million people infected with TB, and this global disease continues to be the largest public health problem in
our country. India bears a disproportionately large burden
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tobacco or uses other tobacco products.2 Most cigarettes are
smoked in countries with a high prevalence of TB. Currently, substantially large proportions of tobacco smokers (82%)
live in low- and middle-income countries with a high burden of TB as well.3 Smoking increases the risk of latent TB
by a factor of 1.9 [95% confidence interval (CI): 1.6 to 2.3],
that of active tuberculosis by 2.0 (95% CI: 1.5 to 2.6), and
that of death from TB by 2.6 (95% CI: 1.8 to 3.6), after adjustment for socioeconomic status.4 Smoking also enhances the
risk of treatment failure, the risk of relapse, and the number of defaults. These moderate increases in individual risk
of TB due to smoking might translate into a large impact
at the population level, because India has a high prevalence
of smoking in both urban and rural sections. In India, 38%
of deaths from TB among middle-aged men are attributed
to smoking, costing the Indian economy three times its TB
budget.5,6
There are approximately 120 million smokers in India,
which is equivalent to 12% of the world’s smokers. As reported in 2009, approximately 900,000 people die every year
in India as a result of smoking. According to a 2002 WHO
estimate, 30% of adult males in India smoke. Among adult
females, the figure is much lower at between 3% and 5%.
Tobacco is usually consumed in the form of bidis in rural
areas. Bidis are smaller than cigarettes and contain only
about one-quarter as much raw tobacco, which is wrapped
in the leaf of another plant.7,8
India, with a population of 1.26 billion, has the highest
number of both TB patients and smokers. The convergence
of these two important health hazards is likely severely affecting India’s TB control programs. Hence, we undertook
this study to determine the prevalence of smoking in newly
diagnosed pulmonary TB patients and the impact of smoking on disease outcomes in a tertiary care hospital.

MATERIALS AND METHODS
1. Source of data
Data were from the inpatient and outpatient departments of pulmonary medicine and internal medicine and
the DOTS center (TB unit) at a tertiary care hospital in the
Belgaum district of Karnataka in India.
2. Population
All newly diagnosed pulmonary TB patients registered
for treatment in the above hospital were included.
3. Study design
This was a prospective study.
4. Study period
Primary data were collected between January 1, 2012,
and December 31, 2013.
5. Inclusion criteria
These were as follows: (1) both male and female patients
newly diagnosed with pulmonary TB per the RNTCP

(Revised National Tuberculosis Program of India) 2013 criteria and (2) age ＞15 years.
6. Exclusion criteria
Patients were excluded from the study if they had any
of the following conditions: (1) pregnancy, (2) HIV infection, (3) connective tissue disorders, (4) chronic renal
failure, (5) chronic liver disease, (6) malignancies with
long-term steroid or cytotoxic drug therapy, (7) chronic alcoholism, (8) previous treatment for TB, and (9) unclear
smoking status.
7. Procedures
All patients newly diagnosed with pulmonary TB per the
RNTCP 2013 criteria were enrolled in the study. Initial
baseline details of the patients such as age, sex, sputum
smear/culture for Mycobacterium tuberculosis status, chest
radiography findings, and other relevant details pertaining to TB were recorded. Patients were started on anti-TB
treatment. After informed consent was obtained, all patients completed standardized interviewer-administered
questionnaires administered by trained resident doctors
or nurses. Four questions pertained to smoking: (1) self-reported current smoking status (current cigarette/bidi
smoker? Yes/No), (2) self-reported previous smoking status
(previous cigarette/bidi smoker? Yes/No), (3) number of cigarettes/bidis smoked per day, and (4) age at which the participant started or quit smoking. An ever-smoker was defined as one who had smoked the equivalent of at least one
cigarette per day for a period of 1 year. An ex-smoker was
defined as an ever-smoker who had stopped smoking for at
least 1 year before the current TB episode, and a current
smoker was defined as an ever-smoker who was still smoking or had stopped smoking for less than 1 year. Patients
who did not fulfill the criterion of an ever-smoker were classified as never smokers. Relapse was defined as recurrence
of TB after successful completion of treatment, either proven by isolation of Mycobacterium tuberculosis, or in the absence of bacteriological confirmation, recurrence diagnosed on clinical, radiological, or histological grounds.
Participants were followed for 2 years after the initiation
of treatment as per RNTCP guidelines for treatment
outcome.
8. Statistical analysis
Mean values (±SDs) were calculated for normally distributed numerical outcomes. Mean values (±SD) for demographic characteristics among never smokers, ex-smokers,
and current smokers were analyzed by using the Mann
Whitney test. The chi-square test was used to compare
non-numerical variables. ANOVA was used for numerical
variables in the univariable analysis. Logistic regression
analysis was used for multivariable analysis of treatment
outcome, and Kaplan Meier analysis was used for univariable analysis of relapse with Cox proportional hazards
modeling for multivariable analysis. The significance level
was kept at a p value≤0.05. The analysis was done after
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adjustment for cofounding variables like age, duration of
smoking, nutritional status (body mass index, or BMI), socioeconomic status, and diabetes.

RESULTS
A total of 2,504 newly diagnosed pulmonary TB patients
were registered for treatment in the hospital during the
study period. A total of 154 subjects were excluded from the
study because they did not meet the inclusion criteria.
Among the 2,350 subjects (1,758 males and 592 females),
1,593 patients (67.78%) were never smokers. Current and
ex-smokers numbered 757 (32.21%), of which 751 (31.95%)
were males and 6 (0.26%) were females (Table 1). The demographic details of the participants are shown in Table 2.
When TB severity and treatment outcome were compared
between never smokers, ex-smokers, and current smokers,
there was a statistically significant difference in the severity of TB between never smokers and ex-smokers and
current smokers. Both ex- and current smokers had more
subjects with multiple cavities: 13.5% and 17.4% compared
with 8.6% in never smokers (p＜0.05). About 73.7% of exsmokers and 73.9% of current smokers were culture- or smearpositive for Mycobacterium tuberculosis, whereas 68.9% of
never smokers were smear/culture-positive at the time of
diagnosis (p＜0.05). At the end of 2 months, 10.2% and
12.4% of ex- and current smokers were smear/culture-positive, respectively (p＜0.05).
As far as treatment outcome, ex-smokers and current
TABLE 1. Initial screening details of the subjects enrolled
Total no. of subjects registered for TB treatment 2,504
No. of subjects excluded
154
No. of subjects who completed the study
2,350
Males
1,758 (74.8%)
Females
592 (25.2%)
Total number of subjects who were never smokers 1,593 (67.78%)
No. of smokers (current and ex-smokers )
757 (32.21%)
Males
751 (31.95%)
Females
6 (0.26%)
Current smokers
395 (16.8%)
Ex-smokers
362 (15.4%)
TB: tuberculosis.

smokers had significantly high rates of defaults and treatment failures. Relapse rates were also as high as 10.4% in
ex-smokers and 12.9% in current smokers compared with
4.3% in never smokers (p＜0.05; Table 3). Univariable and
multiple logistic regression analysis of treatment success
and relapse in ex- and current smokers after adjustment
for confounding variables also demonstrated a significant
negative association between smoking and tuberculosis
(Table 4).

DISCUSSION
The prevalence of smoking in the current study in newly
diagnosed pulmonary TB patients was estimated to be
32.21% in the total study population: 31.95% in males and
0.26% in females. Compared with the prevalence in the
general population, this prevalence is very high. The prevalence of smoking in this part of the country (South India)
is around 25% to 26% and is negligible in women.7,8 In a
study by Wang et al., the proportion of cigarette smoking
was 54.6% in TB cases, which was significantly higher than
that in controls (45.1%) in China.9 Because that study included both pulmonary and extrapulmonary TB cases, our
study is unique in that we enrolled subjects with newly diagnosed pulmonary TB only. Also, in the present study, the
number of female smokers was very small compared with
China, Nepal, and other Western countries.10,11 In India,
the prevalence of smoking among women is negligible because tobacco smoking among women is regarded as socially unacceptable.
Our observations of more extensive lung disease, lung
cavitations, and positive sputum smears among current
smokers and ex-smokers agreed with many of the results
reported in previous studies.12-14 In this study, a significant
proportion of both current smokers and ex-smokers remained smear-positive or culture-positive after 2 months
of treatment, closely comparable to the observation in a
Brazilian case-control study in which ever-smokers who
smoked ＞20 cigarettes per day were also reported to be
two-fold as likely to remain culture-positive after 2 months
of treatment.15 Remarkable evidence from the current study
was that smoking was negatively associated with cure or
treatment completion, even after control for baseline sociodemographic variables, comorbidities, extent of lung dis-

TABLE 2. Demographic data
No. of subjects

Never smokers

Total no. of subjects
Males
Females
Age (yrs) (Mean±SD)
Duration of smoking (yrs)
Subjects from Rural Areas
Subjects from Urban Areas
Cigarette smokers
Bidi smokers

1,593
1,007
586
48±21.7
1,035 (64.9%)
558 (35.1%)
-
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Ex-smokers
362
359
3
53±16.8
15±12.8
231 (63.8%)
131 (36.2%)
132 (36.5%)
230 (63.5%)

Current smokers
395
392
3
43±8.2
12±9.8
241 (61%)
154 (39%)
129 (32.7%)
266 (67.3%)

Vinay Mahishale, et al

TABLE 3. Comparison of severity of pulmonary tuberculosis and treatment outcome
Never smokers (n=1,593)

Ex-smokers (n=362)

335 (21%)
860 (53.9%)
398 (25.1%)
140 (8.6%)

41 (11.3%)
208 (57.4%)
113 (31.3%)
49 (13.5%)

Severity of disease (ATS Criteria)
Minimal
Moderately advanced
Far advanced
Patients with multiple cavitatory
lesions on chest radiograph
Smear or culture positive at the
initiation of treatment
Smear or culture positive at the end
of 2 months
Smear or culture positive at the end
of treatment
No. of defaulters
No. of Relapse

Current smokers (n=395) p value
24 (6%)
229 (57.8%)
142 (36.2%)
69 (17.4%)

1,097 (68.9%)

292 (73.9%)

95 (5.9%)

267 (73.7%)
37 (10.2%)

49 (12.4%)

58 (3.6%)

42 (11.6%)

56 (14.1%)

64 (4%)
69 (4.33%)

39 (10.7%)
38 (10.4%)

53 (13.4%)
51 (12.9%)

0.005
0.005
0.005
0.004
0.002
0.001
0.001
0.001
0.001

TABLE 4. Univariable and multiple logistic regression analysis of treatment success and relapse (Cox proportional hazard ratio) in exand current smokers after adjustment for confounding variables like age, duration of smoking, nutritional status (BMI), socioeconomic
status, and diabetes
Smoking status
Never smokers
Ex-smokers
Current smokers

Subjects Treatment
(n)
success (%)
1,593
362
395

92.4
77.7
72.5

OR (95% CI)

p value

Adjusted OR
(95%CI)

p value

Reference
Reference
0.61 (0.58-0.64) ＜0.001 0.71 (0.68-0.81) ＜0.001
0.82 (0.76-0.84)
0.69 (0.63-0.80)

ease, lung cavitations, and bacteriology. These findings are
consistent with many previous studies.16,17 These observations in our study were despite the use of standard fourdrug short course regimens for drug-susceptible TB in a
fully functioning treatment program setting that also allowed individualized regimen modification and treatment
prolongation. Relapse rates were as high as 10.4% in exsmokers and 12.9% in current smokers compared with 4.3%
in never smokers. This finding further substantiates the
significant association between smoking and treatment
default as reported in previous studies.18,19
The effects of smoking on clinical parameters (lung cavitations, positive sputum smear and culture results) and
slower smear and culture conversion after initiation of
treatment highlight a serious need for prevention of community-level transmission. Even for patients with initially
drug-sensitive TB, the treatment completion rates fell substantially below the WHO target of 85% among both current and ex-smokers in this study. The high proportion of
smokers who default treatment also raises concern over the
emergence of drug resistance and secondary spread within
the community. The emerging results from our study as
well as the many studies discussed above have demonstrated
that a large number of smoking TB patients, despite successful treatment, run a substantially higher risk for redeveloping active TB compared with the overall TB risk in
the general population. The unfavorable outcome in these
TB patients with prolonged smoking behavior poses a risk
of a prolonged period of contagiousness. These patients

Relapse
(%)
4.33
10.4
12.9

Adjusted HR
(95%CI)

p value

Reference
1.43 (1.06-1.61) ＜0.001
1.68 (1.46-1.98)

may transmit mycobacteria to their contacts for a longer
period than nonsmokers, both before the diagnosis and after the initiation of treatment.
Smoking is expected to postpone the millennium development goals of the WHO. The Global Strategy to Stop TB:
2006-2015, established by the Stop TB Partnership, set a
global target for complete elimination of TB by 2050. The
WHO TB report 2013 highlighted that progress is too slow,
and globally we are off target with only a 2% drop in prevalence per year.20 These discouraging reports highlight the
urgent need for smoking cessation programs at all levels
of health care services. It is essential to note that interventions to decrease the prevalence of smoking among patients with TB (or in the general population) may have an
important impact on the incidence of TB and treatment outcome as well. Therefore, the WHO, the International Union
Against Tuberculosis and Lung Disease (IUATLD), and
the European Respiratory Society (ERS) insist that the issue
of smoking be addressed within the framework of TB management and care and that efforts be undertaken to help
TB patients who smoke to stop.21 Interventions including
counseling and pharmacological treatment for cessation of
smoking in TB patients are still far from being implemented
in routine clinical practice. This is particularly true in
countries like India where the national TB control programs are overburdened with TB cases, many of whom are
smokers, especially in rural settings.
Smoking continues to be the most major cause of preventable disease and death worldwide. Strengthening
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measures for the control of smoking may have a supplementary and welcome impact on our progress toward TB
elimination. The profound negative impact of smoking on
the outcome and transmission of TB should be addressed
at all levels of TB control programs. It is a clear duty of all
health care workers managing TB patients to bring up this
critical issue with their patients with special emphasis on
the potential gain associated with smoking cessation.
A major strength of our study was the prospective design,
which avoided the problems of control selection in case-control studies and obscured temporality in cross-sectional
studies. Availability of thorough smoking details of all subjects made it possible to demonstrate a clear relationship
between smoking and TB treatment outcome. The detailed
information on demographic, socioeconomic, and behavioral
factors allowed us to eliminate major potential confounders because a specific group at risk was targeted (pulmonary TB cases only). The study was limited by the fact that
it was a single-center study, the results of which cannot be
generalized. However, this provides a window of opportunity for clinicians and researchers to carry out further studies with involvement of different geographical areas across
India. Also, studies can be performed to assess the impact
of smoking cessation programs on TB treatment outcome
in these high-risk subjects. Passive smoking is another field
of interest. A randomized controlled trial assessing the effect
of smoking cessation on TB treatment outcome under a program setting would be worth exploring.
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Abstract Urinary bladder pheochromocytoma is rare.
We report a case of bladder pheochromocytoma presenting with practically no obvious clinical symptoms
in an adolescent who had undergone repair of mitral
valve disease.
Keywords Paraganglioma . Pheochromocytoma . Urinary
bladder . Treatment . Diagnosis . Prognosis

Introduction
Pheochromocytoma of the urinary bladder is a rare tumor that
originates from chromaffin tissue of the sympathetic nervous
system associated with the urinary bladder wall. They account
for less than 0.05 % of all bladder tumors and less than 1 % of
all pheochromocytomas [1]. In the genitourinary tract, the
urinary bladder is the most common site for pheochromocytomas (79.2 %), followed by the urethra (12.7 %), pelvis
(4.9 %), and ureter (3.2 %) [2,3]. Furthermore, approximately
10 % of all extra adrenal pheochromocytomas are malignant
[3]. As Pheochromocytoma of the urinary bladder is such a
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rare condition, limited, large reports are available to direct
clinical decision making.
The usual signs are haematuria, hypertension during
micturation together with generalized symptoms due to
raised catecholamines (headache, blurred vision, heart
palpitation, flushing). However, 27 % of pheochromocytomas of the urinary bladder do not feature any hormonal activity [3]. The Pheochromocytoma of the bladder was first described by Zimmermann in 1953 [4],
and a little more than 100 cases have been spotted since
then [1]. We report an unusual presentation of bladder
pheochromocytoma in an adolescent.

Case Report
An 18 years old male patient was referred to Urooncology services of the hospital for the management
of an incidentally detected bladder lesion. The patient
was earlier admitted to the hospital for valvular heart
disease and had undergone repair of the mitral valve.
The patient was on anti-hypertensives and anticoagulants. Routine abdominal sonography done for vague
upper abdominal pain revealed a mixed echoic lesion
abutting the left lateral wall and fundus of the urinary
bladder. The lesion showed few specks of calcification.
This patient was otherwise asymptomatic for the bladder
lesion. Computed tomography revealed an ill defined
lesion in the superior, posterior and left lateral wall of
the bladder, approximately measuring 6 × 5 cms. This
lesion showed peripheral enhancement in the arterial
phase and homogenous enhancement in the delayed venous phase (Figs 1 and 2). A radiological diagnosis of
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Fig. 1 CT showing the bladder tumor situated at fundus with peripheral
enhancement in the arterial phase

haemangioma of the bladder was made and the patient
was prepared for surgery. The patient was put on Inj.
Heparin and the oral anticoagulants were withdrawn.
The INR was brought down to 1.2.
Preoperative cystoscopy revealed a huge lesion involving the posterior and superior aspects of the bladder
with the trigone and ureter orifices spared. The lesion
was reddish blue in appearance and bleeded on touch. A
lower abdominal incision was made and the bladder
exposed transperitoneally. The lesion was identified
and the margins of the same were defined. The lesion
was excised with a small bladder margin (Fig. 3). The
bleeders were ligated and bladder closed. Intraoperatively the patient’s blood pressure got elevated to

Fig. 2 CT showing the appearance of bladder tumor in delayed venous
phase
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200/110 mmHg, however the anaesthesiologist was able
to control it easily. The histopathological examination
(Fig. 4) of the lesion revealed vascular and cellular
areas with adjacent bladder wall, polygonal shaped tumor cells with eosinophilic cystoplasm with centrally
placed nuclei exhibiting Zelballen pattern which is suggestive of bladder pheochromocytoma. After the histopathological report revealed this unusual diagnosis, the
patient was questioned again regarding symptoms prior
to surgery. The patient gave history of a few episodes
of giddiness during the last 1 month prior to surgery.
The giddiness was mild and was not bothersome. These
episodes were not related to the act of micturition and
the patient experienced has no episodes of syncope.
Post operatively the patient is only on one hypertension
drug on the advice of cardiologist and his hypertension
is well controlled. The adolescent is still on one anti
hypertension drug as the patient earlier had valvular
heart disease. Three months follow up the patient
underwent MIBG radio isotope scan which revealed
normal features.

Discussion
Pheochromocytomas of the urinary bladder are exceedingly rare tumors. They tend to be functional and occur
mostly in young adults. Initial presentation is extremely
varied in these tumors, necessitating a low threshold of
suspicion in the face of hypertension or hematuria.
Beilan et al. [1] extensively reviewed the English literature on this subject and reported the largest analysis of
pheochromocytomas involving the urinary bladder. A
total of 106 patients included in their own study were
analyzed. Symptoms reported in their series ranged from
the typical micturition attacks of headache and palpitations to more abstract signs such as paraesthesias and
dyspnea. While select patients lacked more common
presenting symptoms of bladder pheochromocytoma,
e.g., hypertension, others developed hematuria and lower urinary tract symptoms, testifying to the variability in
which this disease could present itself.
Our case is unusual in that the patient presented
with no obvious symptoms suggestive of pheochromocytoma. The patient was on anti-hypertensives for his
valve related cardiac illness. The imaging too did not
give any clue of the catecholamine secreting tumor.
The first symptom was noticed only intraoperatively,
in the form of episodic increase in blood pressure.
Inspite of the huge size of the tumor the symptoms

Indian J Surg Oncol (September 2015) 6(3):303–306
Fig. 3 a Intra-op photo showing
the tumor involving the dome of
bladder. b Intravesical mucosal
view of lesion situated at the
fundus. c Appearance of bladder
following excision. d Excised
specimen measuring 6×5 cm

Fig. 4 Histopathological images
of Bladder Pheochromocytoma
(H&E Staining) – a Microscopic
image (10×) of tumor with
adjacent bladder wall. b
Polygonal shaped tumor cells
with eosinophilic cytoplasm with
centrally placed nuclei (10×). c
Tumor cells exhibiting Zelballen
pattern (40×)
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appeared blunted. This case is a classic example of
histopathologic surprise.
Pheochromocytomas can be treated in a number of
ways, including catecholamine blockade, surgery, chemotherapy, and radiation therapy. The standard treatment modality for localized or locally advanced pheochromocytomas is surgery, while metastatic or recurrent
tumors are treated with palliative therapy [1].
Conflict Interest None.

Indian J Surg Oncol (September 2015) 6(3):303–306

References
1.

Beilan JA, Lawton A, Hajdenberg J, Rosser CJ (2013)
Pheochromocytoma of the urinary bladder: a systematic review of
the contemporary literature. BMC Urol 13:22
2. Das S, Lowe P (1980) Malignant pheochromocytoma of the bladder.
J Urol 123:282–4
3. Hanji AM, Rohan VS, Patel JJ, Tankshali RA (2012)
Pheochromocytoma of the urinary bladder: a rare cause of severe
hypertension. Saudi J Kidney Dis Transpl 23:813–6
4. Zimmerman IJ, Biron RE, MacMahan HE (1953)
Pheochromocytoma of the urinary bladder. N Engl J Med 249:25–6

Urology Case Reports 3 (2015) 135e137

Contents lists available at ScienceDirect

Urology Case Reports
journal homepage: www.elsevier.com/locate/eucr

Endo and Stone Disease

Laparoscopic Ureterolithotomy for Giant Ureteric Calculus: A Case
Report
Prasad V. Magdum a, Rajendra B. Nerli a, *, Shishir Devaraju a, Murigendra B. Hiremath a, b
a
b

KLES Kidney Foundation, KLE University’s JN Medical College, KLES Dr Prabhakar Kore Hospital & MRC, India
PG Department of Biotechnology & Microbiology, Karnatak University, Dharwad, India

a r t i c l e i n f o

a b s t r a c t

Article history:
Received 29 April 2015
Accepted 6 May 2015
Available online 17 July 2015

We present a case of a 21 year old male who presented with symptomatic right upper ureteric calculus
measuring 5 cm  1.5 cm fulﬁlling the criteria to be named as giant ureteric calculus. Laparoscopic right
ureterolithotomy was performed and the giant ureteric calculus was retrieved.
Ó 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Introduction
Giant ureteric stones are deﬁned as ureteric stones measuring
more than 5 cm or weighing more than 50 g.1 Ureteral stones are
usually small in size and, depending on their size, may pass spontaneously. However, stones larger than 1 cm in diameter are less
likely to pass spontaneously.2 An impacted calculus may continue
to increase in its longitudinal diameter rather than the transverse
diameter over a period of time and becomes oblong in shape. In this
era of endourology, most of ureteric stones are treated by minimally
invasive or non-invasive procedures.3 However in giant ureteric
stones; open ureterolithotomy still remains the procedure of choice
because of their high stone volume and hardness. We report a case
of a giant ureteric calculus of 5 cm in length and 52 g in weight,
which was removed laparoscopically.
Case report
A 21 year old male presented with complaints of episodic pain in
the right lumbar region for a period of 1 year. Physical examination
was unremarkable. Routine blood & urine reports were within
normal limits. X-ray KUB revealed a radio opaque density
measuring approximately 5  1.5 cm in the region of right upper
ureter. IVU conﬁrmed the presence of large upper ureteric calculus

* Corresponding author.
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causing mild to moderate hydroureteronephrosis. There was
prompt uptake & excretion of contrast from both the kidneys
(Fig. 1). He underwent Trans-peritoneal laparoscopic right ureterolithotomy. Three ports, 10 mm umbilical port for telescope, 10 mm
and 5 mm working port in the right mid-clavicular line at the level
of anterior superior iliac spine and subcoastal region were used.
Incision on the ureter was made & stone was retrieved (Fig. 2).
Stone was delivered out through the 10 mm umbilical port (Fig. 3).
Ureter was closed over a DJ stent with 4.0 Vicryl. Post-operatively
the patient had an uneventful recovery.
Discussion
Giant ureteric stones are deﬁned as ureteric stones measuring
more than 5 cm or weighing more than 50 g.1 The largest calculus
so far reported was by Mayer, which measured 11 cm  5.5 cm and
weighed 286 g while the longest stone was reported by Taylor,
which was 21.5 cm in length.4 In 1992, Sabnis et al reported the
largest ureteric stone measuring 13 cm in length and weighing
90 g.5 These patients normally present with colicky pain, fever
with chills, and history of similar episodes in the past. Stone size
and location are the most important factors used to predict the
likelihood of spontaneous passage in patients with ureteral stones.
The American Urological Association (AUA) guidelines, which are
based on a meta-analysis of the literature, indicate that up to 98%
of ureteral calculus 4 mm or smaller will pass spontaneously.6
Most of the patients with ureteric calculi of stone size varying
from 0.5e1 cm are effectively treated either by endo-urologic
procedures or medical expulsion therapy or non-invasive

2214-4420/Ó 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 1. a) Plain X-ray KUB showing a large radio-opaque density in the region of Right upper ureter, b) IVU shows presence of right upper ureteric calculus with prompt uptake
and excretion of contrast from both renal units.

Figure 2. Trans-peritoneal laproscopic ureterolithotomy e incision on the ureter over
the calculus.

modalities like extracorporeal shock wave lithotripsy. Very rarely
we encounter ureteric stones, which are very big, and measure
more than 5 cm. Since these stones can remain silent they are
found accidentally on abdominal radiograph taken for some other
reason, hence leading to permanent renal damage/dysfunction.
The endo-urologic procedures like ureteroscopic lithotripsy or
non-invasive procedures like ESWL are deemed to fail because of
large stone burden and hardness. European association of urology
guidelines for ureterolithiasis state that laparoscopic or open
surgical stone removal may be considered in such rare cases. In
cases of giant ureteric stones, open or laparoscopic ureterolithotomy remains the procedure of choice.7,8 In fact, increased
stone burden as in giant ureteric stones is one of the most common causes of open ureterolithotomy.9
Laparoscopic ureterolithotomy allows a minimally invasive
approach to managing these cases as an alternative to open surgery
for the treatment of large ureteral stones.10 The main advantages
are decreased postoperative pain, shorter hospital stay and quicker
convalescence in comparison to open surgery. It is not essential to
reach the distal end of the stone during dissection. A small ureterotomy incision can be placed at the proximal end of the stone,
followed by simple manipulation can retrieve the entire stone. For
large, hard, long standing and impacted ureteric calculi, laparoscopic ureterolithotomy as initial therapy may be preferable to
multiple endo-urological and ESWL procedures.11
In this modern era where ureteric stones are extremely common, giant ureteric stone are rarely encountered because of the
increased use of ultrasound, referral system and increased patient
awareness. However, whenever such cases are encountered by the
urologist laparoscopic ureterolithotomy is a minimally invasive
option to open surgery.
Conﬂict of interest
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Inguinoscrotal region as an unusual site of
extra-pancreatic collections in infected
pancreatic necrosis
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Abstract
Severe acute pancreatitis often leads to pancreatic and peripancreatic collections but, rarely, it can lead to collections at
sites remote from the pancreas. Three male patients presented with abdominal pain and inguinoscrotal swelling. They
were initially misdiagnosed with obstructed inguinal hernia, epididymo-orchitis and hydrocele, respectively. Later, their
diagnosis of acute pancreatitis was revealed on laparotomy in one patient and on computed tomography (CT) in the
remaining two patients. All these cases had extensive peripancreatic necrosis and paracolic collections tracking along
the psoas muscle, downwards towards the pelvis. These collections were initially managed by percutaneous drainage and
saline irrigation as a part of the ‘step-up’ approach. Two of these patients required open necrosectomy, while all required
incision and drainage of inguinoscrotal collections. All the patients were discharged in satisfactory condition.
Inguinoscrotal swelling is unusual as a first presentation of acute pancreatitis. A high index of suspicion, with careful study
of patient’s history and examination along with CT, may provide an accurate diagnosis. Local drainage may be required to
control sepsis and also provide an egress route for intra-abdominal collections.
Key words: acute pancreatitis; inguinoscrotal collections; step-up approach; necrosectomy

Introduction
Reports of pancreatic collections, presenting at sites remote
from the pancreas, are available in the literature [1, 2].

The peripancreatic collection has been reported in the form
of pseudocyst in the mediastinum or pleural cavity and as
swelling in the inguinal scrotal area [1–3]. The diagnosis of acute
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pancreatitis in such situations can be missed in the absence
of classical history and physical findings. The fluid from the
peripancreatic region can travel to these remote sites, traversing the fascial planes. [4] We present here three cases of inguinoscrotal swellings in patients with acute severe pancreatitis
but with different presentations.

Case presentation
Case 1

Case 2
A 48-year-old male presented with acute-onset upper abdominal
pain radiating to the back for the previous 5 days. He also had abdominal distension, nausea, vomiting and a painful swelling in
the scrotum. On examination, there was tenderness in the epigastrium and right lumbar region. The scrotum was swollen and
tender, with inflammatory changes of the skin suggestive of
acute epididymo-orchitis. A CECT of the abdomen and pelvis carried out on admission revealed a dilated main pancreatic duct
with stranding and fluid collection around the uncinate process
extending to the right pararenal space, right paracolic gutter and
pelvis with fat stranding of the root of mesentery, retroperitoneum and scrotum (Figure 2). The patient developed spiking fever
and was started on broad-spectrum antibiotics. As part of the
step-up approach [5], USG-guided pigtail drainage of the right
paracolic collection was done on the first day of admission, which
drained nearly 1 litre of brownish (haemorrhagic) fluid, but the
scrotal swelling continued to increase in size and ultrasound of
the scrotum revealed a large, septated collection in the right
hemiscrotum with air foci. The scrotal abscess was drained under
local anaesthesia, revealing frank pus with swollen epididymis
and normal testes after 12 days of pigtail drainage; however, the
patient continued to have fever with worsening general condition. Right retroperitoneal drainage of the peripancreatic- and
right pararenal space necrosis and collections was done through
a flank incision 24 days after the attack of pancreatitis. Repeat
CECT abdomen was done after 25 days of surgical intervention

Figure 1. CECT scan of Case 1, showing peripancreatic tracking along combined interfascial plane into pelvis and then into left scrotum via inguinal ring (white
arrow, A). Inguinal sinus with purulent discharge at site of previous inguinal exploration (post pancreatic necrosectomy and loop ileostomy status, B)
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A 35-year-old male presented to a peripheral hospital with
acute-onset epigastric pain radiating to the back, associated
with bilious vomiting and left inguinal swelling for the previous
7 days. The patient was misdiagnosed as having an obstructed
inguinal hernia and inguinal exploration was carried out. The
contents of the left inguinal canal were inflamed, with haemorrhagic fluid in the inguinal canal seen to be arising from the
deep inguinal ring. The patient was then converted to midline
laparotomy. At exploratory laparotomy, there was fat saponification of the greater omentum and peritoneum, suggestive of
acute pancreatitis. The abdomen was closed and the patient
was referred to our institute. The patient’s clinical history
revealed that he was chronically alcoholic and had a ‘binge’
of alcohol 15 days previously, after which he had developed
abdominal pain. The swelling in the inguinal region had developed later when the pain worsened. The patient was evaluated
with a contrast-enhanced computed tomography (CECT) of the
abdomen and pelvis. There was pancreatic necrosis with fluid
collection in the peripancreatic region, left pararenal space,
extending to the pelvis along the left psoas muscle. There was
inflammatory fat stranding in the region of the left spermatic
cord and left scrotum with oedema and bilateral pleural effusion (Figure 1A). The patient had a left inguinal wound, draining
about 100 mL of dark, muddy fluid daily, and was managed with
local dressings. Ultrasonography (USG)-guided pigtail catheter
drainage of the lesser sac and pararenal space collections were
done. The patient was managed with catheter irrigation with
sterile saline, which would drain through the inguinal incision.
He developed continued systemic sepsis and suspected colonic
fistula through the inguinal wound. Laparotomy and pancreatic

necrosectomy were done, as was a loop ileostomy and feeding
jejunostomy. Closed drainage of the left retroperitoneal space
and lesser sac was done. Later in the post-operative course, he
developed a painful swelling in the left scrotum. On examination, the swelling was tender to palpation, fluctuant while the
left testis could be felt separate from the swelling. The scrotal
abscess was incised and drained brownish, necrotic material resembling peripancreatic necrosis. The patient was discharged
in a satisfactory condition. Later the patient underwent subtotal colectomy for colonic fistula with inguinal sinus tract
excision (Figure 1B).

Inguinoscrotal swelling in infected pancreatic necrosis

| 3

(black arrow), tracking into combined interfascial plane to pre-vesical and retrorectal space and right inguinal canal (white arrow). Dilated pancreatic duct is also seen
(blue arrow).

which revealed undrained collections in the pelvic retroperitoenum and, in view of persistent high-grade fever, the patient were
re-explored on the next day. Midline laparotomy revealed peripancreatic necrosis tracking along the right pass to the pelvis,
pre-vesical space, right lateral pelvic wall and right inguinal
space. Debridement and wide drainage was done. Subsequently,
the patient recovered well and was discharged in a satisfactory
condition after the second surgery.

Case 3
A 28 year old male presented with acute abdominal pain radiating to the back and breathlessness after an alcohol binge to an
outside hospital 2 days after the onset. He was diagnosed with
severe acute pancreatitis by CECT done at that hospital. On post
pain day 8, he was referred to our Institute. He was initially
managed conservatively. He developed a painful swelling in the
left scrotum 10 days after onset of acute pancreatitis. USG of the
scrotum showed a fluid collection in the scrotal sac with multiple septations and echogenic content. Both testes and the epididymis were normal. The fluid obtained by aspiration showed
haemorrhagic fluid, had no pus cells and was sterile on culture
with high amylase. Scrotal support and anti-inflammatory
agents were given. After 4 weeks of conservative management,
the patient continued to have a high-grade fever. A CECT
showed large peripancreatic and left paracolic collections,
which were drained by pigtail as part of the step-up approach
(Figures 3A and 3B). The patient also received pigtail fluid culture-based antibiotics and antifungals but continued to have fever. Repeat CT of the abdomen showed a residual collection of
10 x 8 cm in the left paracolic gutter, extending into the pelvis
and left scrotal sac (Figure 3c). A USG-guided pigtail was inserted into this collection. Irrigation of the collections via the
pigtails was started using sterile saline and a Y-connector [5],
but the patient continued to have a fever in the ninth and tenth

weeks. Repeat US of the scrotum showed gross hydrocele, with
thick citations and internal echoes. Incision and drainage of the
scrotal collection were done under local anaesthesia at the end
of the tenth week and a corrugated drain was put in place. It
drained about 500 mL of purulent fluid along with necrotic debris (Figure 3D). Irrigation of percutaneous drains led to efflux
from the scrotal wound and the fever subsided completely. The
patient was discharged 1 week later with pigtail catheters in
situ. On subsequent follow-up, the scrotal drain and the pigtail
catheters were removed.

Discussion
Severe acute pancreatitis manifesting as inguinoscrotal swelling is a rare presentation, causing a diagnostic dilemma [3,
4]. The fluid in peripancreatic collections can track retroperitoneally into the inguinoscrotal region, traversing the deep
and superficial inguinal ring. In such a scenario it can mimic
obstructed hernia, testicular torsion, acute epididymo-orchitis, hydrocele, testicular tumour, etc. A missed diagnosis may
lead to unnecessary surgery and improper or delayed treatment [6, 7].
Most commonly, inflammatory fluid and necrosis extends
into the anterior pararenal space and retromesenteric plane.
The fluid and inflammation may spread posteriorly to involve
the retrorenal plane, and laterally into the lateroconal plane, or
spread inferiorly in the combined interfascial plane to reach the
pelvic retroperitoneum or superiorly along the diaphragm to enter the mediastinum. These fascial planes provide a weak barrier to spreading inflammation [8]. The pelvic retroperitoneal
space includes the pre-vesical space, lateral pelvic walls and
retrorectal space [8]. Rarely, the fluid may then track along the
deep inguinal ring, through the inguinal canal, into the scrotum.
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Figure 2. CECT scan of Case 2, showing fluid collections in the perihepatic region (yellow arrow), right anterior and posterior pararenal space and lateroconal fascia
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swelling showing turbid fluid on aspiration and after draining purulent fluid with corrugated drain insertion (D).

The testicle, covered by the tunica vaginalis, is generally spared
from the inflammation.
Based on the extent of spread of peripancreatic fluid in retroperitoneal interfascial planes, Ishikawa et al. proposed a severity
classification system for acute severe pancreatitis [9]. The
grades, numbered I to V according to patterns of spread, signify
more severe disease with higher morbidity and mortality with
higher grades. In this classification, however, the spread of inflammatory fluid and necrosis into the inguinal region and
scrotum was not separately recognized and hence was not
mentioned in the classification. In this classification, the spread
of inflammation and necrosis to the pelvic retroperitoneum has
been categorized as Ishikawa Grade IV with higher morbidity.
In the cases illustrated in this series we have shown that,
if this collection from pelvic retroperitoneum spreads to
inguinoscrotal region, then the treatment can actually be simpler as these inguinoscrotal collections can be managed with
incision and drainage, with resolution of retroperitoneal
inflammation.
The initial management of patients suffering from acute
pancreatitis with an inguinoscrotal collection is similar to those
without it. It involves fluid resuscitation, nutritional support,
prophylactic antibiotics and intensive care in case of organ failure. In previously reported cases, this supportive care was successful in resolution of inguinoscrotal collections [3, 4]. If the
patient does not respond, then pigtail drainage of the collections should be considered as a part of the ‘step-up’ approach
[5]. In our experience, however, these patients required local
drainage of inguinoscrotal collections for complete resolution.
The liberal use of saline irrigation in our practice may also have
led to an accumulation of irrigation fluid in the scrotum.
Draining the scrotal collection locally actually provides an
egress route for the irrigation fluid instilled through percutaneously placed drains, and probably helped in the complete
resolution of retroperitoneal infected collections.
The present study supports our viewpoint that cases
of inguinoscrotal swellings in severe acute pancreatitis may
have variable extents of inflammation and therefore a different

clinical course. Management thus has to be tailored according
to the extent of spread of retroperitoneal inflammation.
The value of serial computed tomography cannot be overemphasized in this scenario. In addition, depending upon
the severity of necrosis in the mesocolon, the vascularity of the
affected colon may also be jeopardized, as seen in one of our
cases in this series, which required sub-total colectomy.
To summarize, inguinoscrotal swelling as a first presentation of acute pancreatitis is unusual. Scrotal collections appearing in the course of acute pancreatitis may contribute to
continued sepsis. A high index of suspicion with a careful study
of patient’s history and examination along with computed tomography of the abdomen and pelvis may provide an accurate
diagnosis and extent of disease. Local drainage may help in the
resolution of sepsis, both by drainage of the collection and also
by providing an egress route in patients undergoing pigtail catheter irrigation of a pancreatic collection. There may still be
undrained collections in other dependent areas, which require
separate management for a successful outcome.
Conflict of interest statement. none declared.
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Introduction
Polycystic kidney disease (PKD) is a hereditary disorder of
autosomal dominant or recessive inheritance. Horseshoe
kidney is a common renal fusion anomaly during embryogenesis. Combination of both PKD and horseshoe kidney is
rare, with an incidence of one in 1,34,000e8,00,000 live births.1
Less than twenty cases have been reported till date in adults
and only one in the fetus.2,3 We report the autopsy findings of
this rare anomaly in a fetus with brief review of literature.

loss of fetal movements for two days. Her past medical history
was unremarkable. Routine blood and biochemical investigations were within normal limits. Antenatal Ultra Sonographic Scan (USG) revealed a single fetus with severe
oligohydramnios and bilateral polycystic kidneys. Other family
members were found to be normotensive and they did not give
consent for their abdominal sonographic screening. Medical
termination of pregnancy was performed with informed consent, and the fetus was sent for pathological evaluation.
At autopsy examination, it was a male fetus weighing
1600 g. On external examination there was low set ears and
depressed nasal bridge (Potter’s facies). On internal examination all organs were in-situs. The kidney was enlarged and
fused at the lower pole measuring 9  8  1.2 cm and revealed
multiple cysts of varying sizes, largest measured
1.5  1.5 cm (Fig. 1). Microscopic examination of kidney
revealed cysts of varying sizes lined by flattened epithelium
which were surrounded by thick peritubular mesenchyme.
Absence of immature cartilage within it ruled out dysplasia
(Fig. 2A and B). Ureter and bladder were unremarkable.
Microscopic sections from the liver showed preserved architecture with multiple small cysts lined by flattened epithelium
along with mild periportal fibrosis (Fig. 2C and D). All other
visceral organs were unremarkable. Umbilical cord showed
three vessels. With the above findings a pathological diagnosis
of polycystic horseshoe kidney (Potter’s type III) was offered.

Case report
Discussion
A 22-year-old female patient G2, P2, L1 married to her maternal
uncle, had a normal antenatal course until 27 weeks of gestation. She presented to obstetric department with history of

Horseshoe kidney is the commonest renal fusion anomaly with
an incidence of 1 in 400 persons. The abnormality occurs
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Fig. 1 e A: Gross photograph of fetus with opened abdomen showing polycystic horseshoe kidney. B: Gross photograph of
cut section of polycystic horseshoe kidney showing cysts of different sizes.

between 4th and 6th weeks of gestation. It is less commonly
associated with cystic diseases. The cystic changes commonly
associated are polycystic kidney disease (PKD), multicystic
renal dysplasia (MCRD) and glomerulocystic diseases (GCD).4e8
A combination of horseshoe kidney and PKD is extremely rare.2
Campbell reported two cases of polycystic disease in an autopsy series of 122 cases of horseshoe kidney. Rathburn on
reviewing the literature prior to 1924, found three cases of
polycystic kidney amongst 108 cases of horseshoe kidney.4
Boatmen et al noted one polycystic kidney in a review of 96
horseshoe kidney patients.5 Dalgaard noted one case of
horseshoe kidney in his study of 284 patients with polycystic
kidneys.6

Coexistence of horseshoe kidney and MCRD is rare. Less than
twenty cases have been reported till date.7 PKD is usually bilat
eral or involves both the components of horseshoe kidney but
the lower urinary tract is unaffected; in contrast MCRD is unilateral or involves only one component of horseshoe kidney and
is associated with some form of lower urinary tract obstruction.8
GCD is an uncommon type of cystic disease; the condition may
be familial, non-familial or associated with other heritable form
of cystic disease like ADPKD or ARPKD. The involved kidney
grossly appears sponge like, hypoplastic or normal in size.
Microscopically tissue shows dilatation of Bowman’s space with
absence of tubular dilatation.9 There are reports of isolated GCD
involving one component of horseshoe kidney.10

Fig. 2 e A&B: Microphotograph of kidney showing loss of architecture and cysts of varying sizes lined by simple epithelium
with thick peritubular mesenchyme (H&E, 340). C: Microphotograph of liver showing cyst lined by simple epithelium (H&E,
310). D: Microphotograph of liver showing mild periportal fibrosis and cyst lined by simple epithelium (MTS, 310).
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USG can diagnose cystic conditions involving kidney but
sometimes underlying horseshoe kidney is missed as observed
in our case. The classical USG findings in PKD are enlarged homogeneous hyper echogenic kidneys with absence of corticomedullary differentiation and difficulty in identifying the
structure of urinary bladder.2 The ultrasonographic criteria for
the diagnosis of MCRD includes identification of enlarged kidney
with grape like clusters of non-communicating cysts, absence of
accumulation of urine in urinary bladder and severe oligohydramnios. There may be associated non renal anomalies like
dilatation of bowel loops. A dimercaptosuccinic acid scan reveals absence of function in the affected segment. GCD also
shows multiple cysts in kidney but with lower urinary tract
obstruction.9
Horseshoe kidney is an incidental renal anomaly and mostly
asymptomatic condition.3 Neonates with PKDs surviving
beyond first month usually have hypertension or renal insufficiency.2 The development of renal failure associated with PKD
is not greater in the presence of a horseshoe kidney.1 Indication
for nephrectomy for polycystic horseshoe kidney include:
persistent pyelonephritis, uncontrollable hypertension and in
preparation for renal transplantation.1 Cystic diseases of the
kidney pose diagnostic challenges to the radiologist and
sometimes necessitates autopsy for final confirmation.
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Is There a Role in the Age of Robotics?
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KEY POINTS
 Ureteropelvic junction (UPJ) obstruction is a common anomaly, and presents clinically in all pediatric age groups.
 The past 3 decades have witnessed an evolution in the surgical correction of UPJ obstruction on
several fronts, with open surgical techniques yielding way to endoscopic, laparoscopic, and
robotic-assisted approaches.
 Robotic-assisted surgery has several advantages in complex laparoscopic reconstructive procedures such as pyeloplasty.
 Comparative studies of laparoscopic and robot-assisted repairs have demonstrated similar success rates.
 Laparoscopic pyeloplasty is here to stay because of its advantages of safety, efficacy, decreased
morbidity, reduced hospital stay, and, perhaps most importantly, cost-effectiveness.

Ureteropelvic junction (UPJ) obstruction is a
common anomaly, and presents clinically in all
pediatric age groups (Figs. 1 and 2). There
tends to be a clustering in the neonatal period
because of the detection of antenatal hydronephrosis, and again later in life because of
symptomatic occurrence. Today most cases
are identified and diagnosed in the perinatal
period.1
The past 3 decades have witnessed an evolution
in the surgical correction of UPJ obstruction on
several fronts, with open surgical techniques
yielding way to endoscopic, laparoscopic, and
robotic-assisted approaches. Among the various
open surgical techniques, the Anderson-Hynes

pyeloplasty has become the most commonly
used open surgical procedure for the repair of
UPJ.2 The principal reasons for the universal
acceptance of the Anderson-Hynes dismembered
pyeloplasty have been (1) broad applicability,
including preservation of lower pole or crossing
vessels, (2) excision of the pathologic UPJ with
appropriate repositioning, and (3) successful
reduction pyeloplasty. This operation is generally
easy to perform and can be accomplished by
several surgical approaches, including anterior
subcostal, flank, and posterior lumbotomy.2
Recent advances in equipment and surgical techniques have made minimally invasive surgery (MIS)
a well-tolerated and efficient option in the management of UPJ obstruction.
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in 13 children, 1 of whom required open conversion. El Ghoneimi and colleagues7 reported their
experience of 50 retroperitoneal laparoscopic pyeloplasties in children aged 22 months to 15 years.
Similarly, Reddy and colleagues8 performed laparoscopic pyeloplasties in 16 children, 5 months to
11 years old. During the early 2000s many such
small series reported the feasibility of laparoscopic
pyeloplasty in children.

Technique

Fig. 1. Intravenous urogram showing right ureteropelvic junction (UPJ) obstruction in a 2-month-old
child.

LAPAROSCOPIC PYELOPLASTY
History
Laparoscopic pyeloplasty was first reported in the
adult population in 1993 by Kavoussi and Peters3
and Schuessler and colleagues.4 Tan5 reported
the first pediatric series of transperitoneal laparoscopic dismembered pyeloplasty in 18 children
aged 3 months to 15 years. Yeung and colleagues6
described their initial experience with laparoscopic retroperitoneal dismembered pyeloplasty

Fig. 2. Magnetic resonance urogram showing bilateral UPJ obstruction in an infant.

Transperitoneal access
An enema is administered the night before surgery
to ensure that the colon is empty. Intraoperative
antibiotics are administered to minimize the risk
of infection. Patients are catheterized before surgery and the catheter left on free drainage during
the operation. Patients are positioned in the lateral
position and secured by placing a sand bag to
support the back. Patients are further stabilized
by strapping the iliac crest to the operating table
with an adhesive bandage. Patients are placed
as close as possible to the edge of the operating
table. The first port is created by open laparoscopy
using a blunt Hasson cannula through the umbilical skin crease. A purse-string suture is secured
tightly around the Hasson trocar. The abdomen
is insufflated with CO2 to 10 to 12 mm Hg. A single
5-mm instrument port and a single 3-mm instrument port are required. Correct placement of
these ports is critical to the ease of performing
the anastomosis. Occasionally an extra 5-mm
port is placed for retraction purposes. The peritoneum overlying the exposed kidney is incised
just lateral to and above the colonic flexure. The
loose adventitia around the kidney is detached
from the renal capsule. Once the correct plane is
identified, the renal capsule is traced into the renal
sinus until the renal pelvis is identified. The renal
pelvis is further dissected free from the medial
side. The UPJ and proximal ureter are identified
(Fig. 3A). The adventitia around the proximal ureter
and UPJ is cleared. The ureter is dismembered
with a small cuff of renal pelvis, leaving a 1.5- to
2.0-cm pyelotomy to reanastomose to the ureter
(see Fig. 3C). The lateral wall of the ureter is
opened longitudinally and spatulated (see
Fig. 3D) for about 1.5 to 2.0 cm along its lateral
margin. The UPJ and proximal ureter attached at
this point to the spatulated ureter are then excised.
The ureteropelvic anastomosis is performed with
an 18-cm 6-0 polyglactin suture on a threeeighths round-bodied needle. The first suture is
placed at the apex of the spatulated ureter from
outside in, then driven through the most
dependent part of the pyelotomy. The posterior

The Laparoscopic Pyeloplasty

Fig. 3. Transperitoneal laparoscopic pyeloplasty. (A) UPJ dissected. (B) Pyelotomy done. (C) Extension of pyelotomy.
(D) Pyelotomy incision being carried further down to spatulate the ureter. (E) Ureteropelvic anastomosis.

anastomosis is completed running up the length of
the spatulated ureter and pelvis. A 0.025-inch
guide wire is then passed through the proximal
ureter into the bladder. A 3F multilength doublepigtail catheter is passed over the guide wire into
the bladder. Next, the proximal end of the
double-pigtail stent is placed within the renal
pelvis. The anterior anastomosis is then
completed as a continuous layer (see Fig. 3E).
Postoperatively, the drain is removed when less
than 5 mL per 24 hours is draining. The catheter
is removed the next day. Oral fluids and feeding
are started at the appearance of peristaltic
sounds. Children are followed for urinary tract
infection, and renography is repeated at 3 months.
Retroperitoneal approach
The child is positioned in a lateral or semilateral decubitus position, and 3 to 4 laparoscopic ports are
inserted at the surgeon’s discretion. Retroperitoneal access is achieved through the first trocar
incision 15 mm long and 10 mm from the lower
border of the tip of the 12th rib. The Gerota fascia
is approached by a muscle-splitting blunt dissection, then opened under direct vision. An index
finger is introduced to push the peritoneum forward, thus creating a retroperitoneal cavity. A
modification of Gaur balloon technique is used to
dissect the retroperitoneum. Two index fingers of

a powder-free surgical glove are placed, one inside
the other and ligated onto the 5/10-mm trocar
sheath. The dissection is then performed by
instilling 500 mL of warm saline through the insufflation channel of the trocar. After completed
dissection, the trocar is reinserted without the
balloon and pneumoperitoneum established
(maximum pressure 12 mm Hg). The first trocar is
fixed with a purse-string suture applied around
the deep fascia, to ensure an airtight seal. A 5/
10-mm telescope is inserted through the first
trocar. A second 3/5-mm trocar is inserted posteriorly near the costovertebral angle, while the third
3/5-mm trocar is inserted 1 cm above the top of the
iliac crest at the anterior axillary line. To avoid
transperitoneal insertion of this trocar, the working
space is fully developed and the deep surface of
the anterior wall muscles identified before the
trocar is inserted. The insufflation pressure is maintained at less than 12 mm Hg and the flow rate of
CO2 is progressively increased from 1 to 3 L/min.
The Gerota fascia is incised parallel to the psoas
muscle and the perirenal fat is dissected to reveal
the lower pole of the kidney, which is then mobilized. The UPJ is identified (Fig. 4A) and minimal
dissection is used to free the UPJ from connective
tissue; small vessels are divided after bipolar electrocoagulation. If needed, a fourth 3/5-mm trocar is
inserted lateral to the lumbosacral muscles near
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Fig. 4. Retroperitoneal laparoscopic pyeloplasty. (A) Dissection of UPJ, crossing vessel lifted from UPJ. (B) Pyelotomy made. (C) Pelvis is placed anterior to crossing lower pole vessel. (D) Ureter is spatulated.

the iliac crest. A stay suture of 5-0 absorbable suture material is placed at the UPJ for traction. The
anterior surface of the UPJ is cleared to identify any
crossing vessels. The renal pelvis (see Fig. 4B) is
partly divided by scissors at the most dependent
part, while light traction on the stay suture is helpful
for manipulating the UPJ maintaining under mild
traction. The ureter is partly divided and incised
vertically for spatulation (see Fig. 4D). The traction
suture helps to mobilize the ureter so that the scissors can be in the axis of the ureter. The anterior
surface of the kidney is left adherent to the peritoneum so that the kidney is retracted medially with
no need for individual kidney retraction. The pelviureteric anastomosis (Fig. 5A) begins using 60 absorbable sutures and a tapered 3/8 circular
needle. The first suture is placed from the most
dependent portion of the pelvis to the most inferior
point or vertex of the ureteric spatulation. The suture is tied using the intracorporeal technique
with the knots placed outside the lumen. The
same suture is used on the anterior wall of the
anastomosis. The UPJ is maintained on traction
and the suture line stabilized. A 4.5F polyurethrane
double-J stent (see Fig. 5B) is inserted through the
suture line to the bladder at the end of the anterior
layer reconstruction (see Fig. 5C). The pelvis is
trimmed if needed. The UPJ and the trimmed
part of the pelvis remain undismembered and are
removed only after the last suture is placed, thus
maintaining stability and decreasing tension on
the suture line. The stent is left indwelling for 4 to

6 weeks. The Foley catheter is removed 24 hours
after surgery. The children are covered with prophylactic antibiotics.

Results
It is well known that adhering to sound surgical
principles, minimal handling of the ureter at the
time of repair, and judicious use of internal stenting
or nephrostomy tube drainage ensures a successful outcome.2 A successful pyeloplasty has been
defined as improvement in hydronephrosis and
stabilization or improvement in function on renal
scan along with a decrease in washout time. In
those situations where the child presents with
symptoms, resolution of flank/abdominal pain or
vomiting should also occur.2 Several series have
reported good results following laparoscopic pyeloplasty (Table 1).
Laparoscopic pyeloplasty offers substantial
benefits to children by decreasing morbidity,
accelerating postoperative recovery, causing less
pain, and improving cosmetic outcome. Multiple
series have demonstrated high success rates
(92%–100%) and low perioperative morbidity,
although only a few consist of cohorts of more
than 100 cases.
Laparoscopic pyeloplasty in comparison with
open pyeloplasty
Open pyeloplasty has remained the gold standard
in the management of UPJ obstruction in both
adult and pediatric populations. The success rates

The Laparoscopic Pyeloplasty

Fig. 5. Retroperitoneal laparoscopic pyeloplasty. (A) Posterior Ureteropelvic anastomosis being made. (B) DoubleJ (DJ) stent placed. (C) Anastomosis completed.

of open pyeloplasty have been reported to be 90%
to 100%.13,14 However, open surgical pyeloplasty
results in significant perioperative and postoperative morbidity, postoperative pain, and scar
formation.
Soulie and colleagues15 compared retroperitoneal laparoscopic with open pyeloplasty with a
minimal incision in 53 consecutive nonrandomized
adults. The mean operating time (165 vs

145 minutes) was similar in both groups. Incidence
of complications, hospital stay, and functional results were equivalent for both groups, but the return to painless activity was more rapid with
laparoscopy in younger patients. Ravish and colleagues16 reported their experience in 29 patients
with a mean operative time of 159 minutes in
open pyeloplasty and 214 minutes in laparoscopic
pyeloplasty. Although pain scores were lower in

Table 1
Laparoscopic dismembered pyeloplasty in children
Authors,Ref. Year
8

Reddy et al, 2005
Lopez et al,9 2009
Metzelder et al,10 2006
Vincentini et al,11 2008
Sweeney et al,12 2011

No. of
Cases

Age (y)

OT
(min)

Conversion
Rate (%)

Complication
Rate (%)

SR (%)

16
32
46
23
112

3.5
7.7
5.5
3.75
9.4

160
152
175
175–180
254

0
9.3
4.3
0
0.8

6.25
10.3
6.8
0
10.8

100
100
96
100
97

Abbreviations: OT, operative time; SR, success rate.
Data from Refs.8–12
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the laparoscopic group on postoperative days 1
and 2, no child from either group required pain
medication after 72 hours. The difference was not
statistically significant between the 2 groups. One
failure was noted in the laparoscopic group, which
was successfully managed by retrograde
endopyelotomy.
Penn and colleagues17 evaluated outcomes between transperitoneal laparoscopic and open pyeloplasty in children. Twenty children (mean age
7.8 years) underwent laparoscopy while 19
(7.2 years) underwent open surgery (P 5 .48).
Mean follow-up was similar between the groups
(laparoscopic 8.1 months vs open 11.1 months,
P 5 .38). Mean operative time was 151 minutes
(range 94–213) for laparoscopy and 130 minutes
(83–225) for open surgery (P 5 .09). Mean hospitalization was 29.3 hours (range 20.5–48) for laparoscopy and 36.2 hours (24–73) for open surgery
(P 5 .06). Analgesic usage was similar between
the groups. One failure in the open arm required
a revision. Operative, hospital, anesthetic, and total charges were similar between the groups.
Tong and colleagues18 reported on 23 infants
aged 2 to 12 months (mean 7.3 months) undergoing open pyeloplasty or retroperitoneal laparoscopy. Operative time was significantly
shorter in the open procedure (95 minutes) than
with laparoscopy (102.6 minutes). Success and
complication rates were similar between the 2
groups, but hospitalization and return of bowel
function were significantly shorter in the laparoscopic group. Incision length was also statistically shorter following laparoscopic pyeloplasty
(2 cm) versus open pyeloplasty (5 cm). This study
particularly looked at this age group (infants)
because some consider that there would be no
advantage in incision size, and a more conspicuous incision is noted with the dorsal lumbotomy
approach.
Bonnard and colleagues19 were probably the
first to report on retroperitoneal laparoscopic
versus open pyeloplasty in children. A total
of 22 children with a mean age of 88 months
(range 25–192 months) underwent laparoscopic
dismembered pyeloplasty via a retroperitoneal
approach. An additional 17 children with a
mean age of 103 months (range 37–206 months)
underwent similar procedures via open surgery
through a flank incision. The 2 groups were
similar in mean age and weight. The mean operative time was significantly shorter in the open
surgery than in the laparoscopy group: 96 minutes (range 50–150 minutes) versus 219 minutes
(range 140–310 minutes). Mean use of acetaminophen and morphine derivatives was less in the
laparoscopy group, and the mean hospital stay

was shorter. All these studies confirmed the
feasibility of laparoscopic pyeloplasty even in
younger children, in addition to safety and
decreased morbidity in the form of decreased
analgesic use and hospital stay. As these were
earlier studies, the operating time for laparoscopic pyeloplasty was significantly longer than
for open surgery. However, with increased
experience, better instruments, and improved
vision (high-definition camera, 3-dimensional
camera and monitors), the operating times of
laparoscopy have decreased (RB Nerli, 2014 unpublished data).
Complications of laparoscopic pyeloplasty
Over the past 2 decades laparoscopic pyeloplasty has proved itself to be not only feasible
but also safe and effective, with results comparable with those for open surgery. Since the introduction of laparoscopic pyeloplasty, the
management of UPJ obstruction has gradually
witnessed substantial changes and is becoming
more commonly applied. Complications of laparoscopic pyeloplasty series published to date
include prolonged drainage and ileus, conversion
to an open procedure, postoperative nephrectomy, urinary tract infection, hematuria, and
displaced double-pigtail ureteral stents.2,20 Potential intraoperative complications with laparoscopic pyeloplasty include bleeding requiring
transfusion, trocar damage to viscera or vessels,
and thermal damage to tissues or organs.2,20 A
rare, but significant, complication is bowel injury,
the risk of which might be higher if a transperitoneal or even a transmesenteric access is used.
Occasionally, a double-pigtail ureteral stent
cannot be advanced into the bladder and urethroscopic repositioning of the stent might become
necessary. Potential postoperative complications
include hernia internally or at the port site, wound
infection, persistent urine leakage, and urinary
tract infection. Postoperative ileus is a complication with the transperitoneal approach, owing to
leakage of urine from the anastomosis.2
Based on their experience with 103 cases of
laparoscopic pyeloplasty in children, Nerli and colleagues20 reported on the complications and the
definitive learning curve. Intraoperative incidents
occurred in 2.91% of the cases, mostly without
consequences for the child, including faulty port
placement, needing placement of an extra port,
and umbilical port side bleed. Postoperative complications occurred in 11.65% of children and
included prolonged ileus, prolonged urinary leak,
fever, hematuria, and recurrent UPJ stenosis,
which occurred in 4.85% of children needing
reoperation.

The Laparoscopic Pyeloplasty
ROBOT-ASSISTED LAPAROSCOPIC
PYELOPLASTY
The introduction of laparoscopy allowed for minimally invasive reconstructive surgery that mirrored
open surgical procedures. These techniques offer
substantial benefits to patients by decreasing
morbidity, accelerating postoperative recovery,
causing less pain, and improving cosmetic
outcome. However, several experts believe that
laparoscopic pyeloplasty is a difficult operation to
master, more so in children. The major difficulty
of laparoscopic pyeloplasty is intracorporeal suturing, which prolongs operative times,21,22 and the
relatively steep learning curve for this procedure
because of the technical difficulties of suturing
and anastomosis. On the other hand, robotics
has several advantages in complex laparoscopic
reconstructive procedures such as pyeloplasty.
Using the da Vinci robotic system, all steps of traditional Anderson-Hynes dismembered pyeloplasty
can be performed.21,23 The advantages of the da
Vinci robot include tremor control, 1:5 motion
scaling, 6 of freedom within 1 cm of the tip of the
end effector, true 3-dimensional vision, simplified
suturing, and improved operative technique.
The da Vinci Surgical System (Intuitive Surgical,
Mountain View, CA, USA) was approved by the
Food and Drug Administration to perform laparoscopic procedures in July 2000. It is a masterslave robot that integrates a comfortable surgeon
console with a portable patient side cart consisting
of a camera arm and 2 robotic instrument arms.
The unique instrument “wrists” have 7 of
freedom, which eliminate the long fulcrum of standard laparoscopic instruments that tends to exaggerate movements in pelvic laparoscopy. The
robotic arms move in the same direction as the
surgeon’s hands, in contrast to conventional laparoscopic instruments. Subsequent modification of
the patient side cart now also offers an optional
third instrument arm or “fourth arm,” which can
be used to aid in retraction.24 The da Vinci optics
include 6 to 10 magnification and 3-dimensional stereoscopic visualization, which allows for
improved depth and shadow perception. The
improved depth perception allows for more rapid
and precise fine movements such as suture placement. Other advantages that improve precision
include tremor filtering and motion scaling. Finally,
the comfortable sitting position at the surgeon
console helps to reduce surgeon fatigue, a significant factor in laparoscopic cases with long operative times that require focus and concentration
for accurate intracorporeal suturing.
Gettman and colleagues25 were the first to
report a series of 9 patients who underwent

Anderson-Hynes robotic-assisted laparoscopic
pyeloplasty in 2002. At 4 months’ follow-up, the
success rate was 89%. However, 1 patient
required open repair of a renal pelvis leak. Yohannes and Burjonrappa26 also reported a single
case of successful robotic-assisted laparoscopic
pyeloplasty shortly after Gettman’s initial report.
Although operative time was prolonged (5 hours),
they completed the procedure successfully with
no complications. Gettman and colleagues27
compared 6 robotic-assisted laparoscopic pyeloplasties with 6 standard laparoscopic pyeloplasties, using either an Anderson-Hynes or a Fenger
technique in each group. Use of the robot was
found to significantly decrease both operative
and anastomotic time, especially in the
Anderson-Hynes group.
Robotic-assisted surgery (RAS) was gradually
introduced into managing pediatric urologic problems, and has the possibility to overcome many
impediments of conventional laparoscopic surgery and decrease the learning curve for MIS,
especially for pediatric reconstructive procedures.28 RAS also allows the seasoned laparoscopist to become more proficient and refined,
providing a larger “tool box” with which to expand
MIS to more complex reconstructive procedures.
The procedure most performed in pediatric urology is pyeloplasty for UPJ obstruction.

Comparison of Laparoscopic Pyeloplasty with
Robot-Assisted Laparoscopic Pyeloplasty
The use of robotic assistance in urologic laparoscopy has expanded exponentially in recent years,
given the unique features provided by the robotic
platform, especially in the setting of reconstructive
procedures where extensive suturing is needed.
Autorino and colleagues29 critically analyzed the
current status of laparoscopic and robotic repair
of UPJ obstruction by systematically reviewing
literature using PubMed. Article selection proceeded according to the search strategy based
on Preferred Reporting Items for Systematic Reviews and Meta-analyses criteria. Multiple series
of laparoscopic pyeloplasty demonstrated high
success rates and low perioperative morbidity in
pediatric populations with both the transperitoneal
and retroperitoneal approaches (Table 2). Data on
pediatric robot-assisted pyeloplasty were increasingly becoming available. Robot-assisted redo
pyeloplasty was mostly described in the pediatric
population. Internal-external stenting as well as a
stentless approach had been used, especially in
the pediatric population. Comparative studies
demonstrated similar success and complication
rates between minimally invasive and open
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Table 2
Robot-assisted laparoscopic pyeloplasty in children
Authors,Ref. Year
30

Olsen et al, 2007
Minnillo et al,31 2011
Singh et al,32 2012

Approach

No. of
Cases

Age (y)

OT (min)

Complication
Rate (%)

SR (%)

Retro
Trans
Trans

67
155
34

7.9
10.5
12

146
198.5
105

17.9
11
8.8

94
96
97

Abbreviations: OT, operative time; Retro, retroperitoneal; SR, success rate; Trans, transperitoneal.
Data from Refs.30–32

pyeloplasty in the pediatric setting. The investigators concluded that laparoscopy represented an
efficient and effective minimally invasive alternative to open pyeloplasty. Robotic pyeloplasty
was likely to emerge as the new minimally invasive
standard of care whenever robotic technology was
available, because its precise suturing and shorter
learning curve represented unique attractive features. For both laparoscopy and robotics, the
technique could be tailored to the specific case
according to intraoperative findings and personal
surgical experience.

Role of Laparoscopic Pyeloplasty in the
Robotic Era
It is now well known that robotic-assisted surgery
offers several advantages over traditional laparoscopy, including 3-dimensional visualization and 7
of wrist movement. These specific robotic properties allow for easier dissection of the renal pelvis in
addition to precise trimming and reconstruction of
the UPJ.24 In 2003, Gettman and colleagues27 reported shorter overall operative and anastomotic
times with da Vinci robotic pyeloplasty in adults.
The main disadvantage of the da Vinci Surgical
System is its high cost.
With ever increasing advantages of the RAS, the
disadvantages of traditional laparoscopic procedures become highlighted. The disadvantages
associated with laparoscopic procedures are
mainly due to the nonergonomic design of surgical
instruments and outdated environment of operating theaters. Today laparoscopic surgery has
become more advanced, operating time has
expanded, and, in proportion, so have the levels
of mental and physical stress imposed on the surgical team.33,34 However, only minor changes
have been made to the theater originally designed
for conventional operations. Apart from poor ergonomics, laparoscopy is also handicapped by
reduction of the range of motion caused by the
fixed trocar position determining the angle of the
respective instrument to the working field. The

incision point acts like a spherical joint that limits
the degrees of freedom of the instrument from 6
to only 4: jaw, pitch, rotation, and insertion, plus
the actuation of instrument.35 Other problems of
laparoscopy include the 2-dimensional view of
the telescope, absence of shadows, stereovision,
and movement parallax, which in particular makes
it difficult to accurately determine spatial distance
and movements, thus impairing eye-hand
coordination.36
These drawbacks bring up the question, “What
is the role of laparoscopic pyeloplasty in the robotic era?” Laparoscopic pyeloplasty is here to
stay because of its advantages of safety, efficacy,
decreased morbidity, reduced hospital stay, and
cost-effectiveness compared with roboticassisted laparoscopic pyeloplasty. Autorino and
colleagues29 systematically reviewed several series of laparoscopic and robotic repair of UPJ
obstruction, and reported that laparoscopic pyeloplasty demonstrated high success rates and low
perioperative morbidity in pediatric populations.
Comparative studies of laparoscopic and robotassisted repairs demonstrated similar success
rates.
One of the major disadvantages of robotassisted surgery is the cost of the procedure.
In India, for example, the costs associated
with laparoscopic pyeloplasty would be nearly
20% of the cost of robotic-assisted laparoscopic pyeloplasty. The cost differential could
be significant in many other countries where,
similar to India, most health care costs are
borne by the patient rather than through a
third-party payor system.37,38 Laparoscopic
surgery would benefit from significant improvements in ergonomics, such as a chair for the
surgeon, specially designed operating room tables, and ergonomically designed instrument
handles. Future modifications of the laparoscopic technique, such as a single-port surgery
(eg, laparoendoscopic single-site surgery), may
also have an impact on the application and
use of laparoscopic pyeloplasty.39

The Laparoscopic Pyeloplasty
STEPS TO OVERCOME LIMITATIONS OF
LAPAROSCOPIC PYELOPLASTY
Several steps40 need to be taken to address the
ergonomic limitations of laparoscopy so as to
reduce the disadvantages associated with laparoscopic procedures:
Adjustable operating table to guarantee relaxed
working (ie, right angle of elbow)
Seating arrangement to enable the surgeon to
operate temporarily in a seated position
Specialized chairs that incorporate pedal
switches and body support (eg, cockpit
type) to reduce fatigue
Adjustable monitor height to avoid “chin-up”
position
Semilunar arrangement of trocars to provide an
adequate angle
Use of a motorized camera holder (voice/motion
controlled) to improve the stability of the
image
Insertion of instruments by the operating room
nurse/assistants, enabling the surgeon to
keep his or her eye on the monitor
Participation in a trunk endurance training program (the surgeon needs to exercise arm
and back muscles with yoga and relaxation
techniques)
Several visual aids have been described to
improve the surgeon’s depth perception.
Shadows can be introduced by using illumination
cannulae. Stereovision can be introduced by using a stereoendoscopic system.40 Another possibility would be the use of flexible endoscopes
and instruments. By contrast, the recent introduction of high-definition television technology
has significantly improved depth perception,
mainly resulting from better resolution of the
image.39

SUMMARY
Laparoscopic pyeloplasty is here to stay because
of its advantages of safety, efficacy, decreased
morbidity, reduced hospital stay, and significant
cost-effectiveness in comparison with roboticassisted laparoscopic pyeloplasty. Laparoscopic
surgery would benefit from significant improvements in ergonomics, such as a chair for the surgeon, specially designed operating room tables,
and ergonomically designed instrument handles.
Future modifications of the laparoscopic technique, such as single-port surgery (eg, laparoendoscopic single-site surgery), may also have an
impact on the application and use of laparoscopic
pyeloplasty.
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Abstract
Background and Aims: Endotracheal intubation is conventionally performed when the patient is in supine position. It may
be required to secure airway in laterally positioned patient. Tracheal intubation in lateral position seems to be difficult because
the laryngeal view is compromised. Hence, C-MAC video laryngoscope (Karl Storz, Germany), a newer device using a modified
macintosh blade may be useful for intubation in lateral position.
Material and Methods: A total of 100 American Society of Anesthesiologists Grade I and II patients, randomly allotted to
C-MAC or direct laryngoscopy group. Patients with difficult airway were excluded. After induction of anesthesia, patient was
put in right-lateral position and intubation was carried out by consultant who is well-versed in using C-MAC laryngoscope. Time
for intubation, number of attempts, Modified Cormack – Lehane grade, mucosal injury, and external laryngeal manipulation
applied were noted.
Statistical Analysis: Demographics and baseline airway assessments were analyzed using summary statistics. Unpaired t-test
was used to assess intubation time. Number of attempts, esophageal intubation, dental injury, mucosal injury, use of stylet, and
application of external laryngeal manipulation were analyzed using Chi-square test.
Results: Overall intubation success rate was 100%. The time taken in C-MAC group was 24.8 ± 8.5 s and in direct group
was 33.8 ± 9.12 s. The number of intubation attempts was not significant. Cormack – Lehane grade was better with C-MAC
laryngoscope. Mucosal injury and use of external laryngeal manipulation was more in direct group.
Conclusion: C-MAC is better than Macintosh laryngoscope for intubation in lateral position.
Key words: Airway management, endotracheal intubation, macintosh laryngoscope

Introduction
As an anesthesiologist, we must be skilled in airway
management to cope with sudden loss of airway patency due to
airway obstruction or serious cardiopulmonary compromise. It
may be in operation room or outside operation room. It may be
required to ensure patency of the airway in the lateral position
in certain circumstances. Some patients who require airway
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support need to be tracheally intubated with an endotracheal
tube to maintain airway patency as soon as possible. Previous
studies have shown that tracheal intubation in lateral position
can be difficult.[1,2] Several studies have shown successful
ventilation in lateral position with the laryngeal mask airway,[3]
ventilation and intubation in the lateral position with the
intubating laryngeal mask airway[4] with and without the
aid of a lightwand,[5] intubation with the lightwand,[6] and
fiberoptic intubation.[7] However, newer videolaryngoscopes
like C-MAC have not been formally evaluated for tracheal
intubation in laterally positioned patient. We compared
C-MAC video laryngoscope and macintosh laryngoscope for
tracheal intubation in lateral position.
The C-MAC video laryngoscope is a new video laryngoscope
using a modified Macintosh blade, which may be a useful
alternative both for routine and difficult airway management
and for educational purposes. The C-MAC videolaryngoscope
has an original Macintosh steel blade shape with a closed blade
design with no edges and gaps for hygienic traps and is now
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available in four sizes (2, 3, and 4 and D – blade for difficult
airway). The C-MAC blade is flattened, resulting in a very
slim blade profile (maximum 14 mm), and the edges are
slanted to avoid damage to the mouth and teeth. C-MAC
incorporates the smallest possible (2-mm) digital camera
and a high-power light-emitting diode, located laterally in
the distal third of the blade. Thus, reduced image quality due
to damaged optical fibers, need for white color balance and
focusing, and immobility due to external light source were
eliminated. The view obtained, includes the tip of the blade
and therefore, allows visual guidance of the tip of the blade
into the vallecula. A color image is displayed on a lightweight,
portable high-resolution liquid crystal display monitor.[8]

intubated using C-MAC video laryngoscope by consultant
anesthesiologist, who is well-versed with the use of C-MAC
laryngoscope. In direct group, intubation was done using
Macintosh laryngoscope blade by the same anesthesiologist.

Material and Methods

The following outcomes were recorded by an unblinded
observer:
1. Overall intubation success rate;
2. Number of intubation attempts;
3. Modified Cormack – Lehane score: Visualization of the
laryngeal inlet was assessed according to the classification
of Cormack – Lehane;
4. Intubation time (defined as the time from picking up the
laryngoscope to confirmation of tracheal intubation by
capnography);
5. Frequency of esophageal intubation; Optimizing
maneuvers were the external manipulation of the larynx,
use of stylet.
6. Mucosal trauma (i.e., blood detected on the device);
7. Lip or dental injury; and
8. Desaturation (SpO2 <95%).

With approval of the Institutional Ethical Committee and
written informed consent, we enrolled 100 patients scheduled
for various surgical procedures requiring (flow diagram) tracheal
intubation. Patients were aged 18 years or older and were
American Society of Anesthesiologists physical Status I, II, or
III. Patients were randomly allocated to C-MAC or direct group
by computer generated table of random numbers. Exclusion
criteria were an increased risk of pulmonary aspiration,
cervical spine pathology, or anticipated airway difficulties
(i.e., Mallampati Grade 4 or thyromental distance <6 cm).
Patients were premedicated with tab alprozolam 0.5 mg and
ranitidine 150 mg at bed time and 6.00 am morning, after
they fulfilled inclusion criteria.
Anesthesia was induced with patients lying in the supine
position with fentanyl 2 μg/kg and thiopentone 5 mg/kg.
Succinylcholine 2 mg/kg was given for neuromuscular blockade.
After adequate muscle relaxation, patients were placed in
right-lateral position. Head was supported with a firm pillow
of 6 cm height. For patients in C-MAC group, trachea was

In each group, tracheal intubation was considered as a failure
if not accomplished within three attempts. Any single insertion
of the laryngoscope past the patient’s lips was considered
an intubation attempt. If intubation failed, the trachea was
intubated after turning the patient to supine position. The
investigator, who did intubation in this study, had previously
performed about 50 intubations using C-MAC video
laryngoscope in supine position, but none in lateral position.

When >1 intubation attempt was required, time from picking
up the laryngoscope for the first intubation attempt until
confirmation of successful intubation by capnography was
considered to be the total intubation time.
The randomized groups were descriptively compared for
demographics and baseline airway assessments using summary
statistics, such as mean and standard deviation, median and
quartiles, or frequency, respectively, for symmetric continuous
variables, skewed continuous variables, and categorical variables.
All data were analyzed using SPSS for Windows version 17.
Chicago, Inc., software. Unpaired t-test was used to assess
intubation time. Number of attempts, esophageal intubation,
dental injury, mucosal injury, use of stylet, and application of
external laryngeal manipulation were analyzed using Chi-square
test. P < 0.05 was considered as statistically significant.

Results
Flow diagram of patient distribution

Demographics and baseline airway assessments among the
groups were comparable [Table 1].
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Mean age was 36.92 ± 15.1 years in direct group and
37.02 ± 15.13 years in C-MAC group. Mean weight in
direct group was 50.54 ± 8.46 kg and 48.8 ± 7.90 kg in
C-MAC group. Modified Mallampatti grade as assessed
using Chi-square test was comparable between the groups.
Mouth opening (mean) was 4.8 cm in direct group and 4.7
cm in C-MAC group.
The time taken for intubation time was 33.8 ± 9.12 s (mean) in
direct group and 24.8 ± 8.56 s in C-MAC group (P = 0.001).
Seven patients (14%) in direct group required >1 attempts at
intubation whereas three patients (6%) required second attempt
in C-MAC group [Table 2]. Modified Cormack – Lehane
score for laryngeal view one (CL-I) was 62% in C-MAC group
and 36% in direct group. Overall intubation success was similar
in both the groups but 94% patients in C-MAC group were
intubated in first attempt whereas only 84% in direct group.
External laryngeal manipulation was applied in 10 patients
in direct group versus 5 in C-MAC group. Stylet was used in
10 patients in direct group versus 2 in C-MAC group which
was statistically significant.
There was no failed intubation or dental injury in both the
groups [Table 3]. Mucosal injury was significant indirect
group (8 patients vs. 1 in C-MAC).

Discussion
Endotracheal intubation in a patient positioned laterally is
difficult for anesthesiologists probably because of unfamiliarity
of this position. Conventional technique of intubation using
macintosh laryngoscope is more difficult because laryngeal
view is compromised. We compared tracheal intubation with
the C-MAC video laryngoscope in patients placed in lateral
position. From our study, we have shown that time taken for
intubation using C-MAC was significantly less compared
to direct laryngoscope and Modified Cormack – Lehane
score for Visualization of the laryngeal inlet was better when
C-MAC was used. Overall intubation success rates were
similar in both C-MAC and direct groups. Intubation time in
our study was little more compared with previous study which
is attributable to right-lateral position. Relative difficulty in the
right-lateral position was likely attributable to the positioning
of the tongue, which (influenced by gravity) has a tendency
to slip off the laryngoscope blade, while the blade is inserted
from the right side of the tongue.[9] Besides the deteriorated
laryngeal view, limited space between the laryngoscope
handle and the tabletop in the right-lateral position would
contribute to intubation difficulty if direct laryngoscopy were
attempted conventionally, by inserting the tracheal tube from
the right corner of the mouth. C-MAC has advantage over
228

Table 1: Demographic data

P value

Direct
(n = 50)
36.92±15.1

C-MAC
(n = 50)
37.02±15.13

25/33

33/17

Weight (in kg)
(mean±SD)

50.54±8.46

48.8±7.90

Modified Mallampatti
grade (1/2/3/4)

36/14/0/0

31/19/0/0

Dentition (partial/full/
edentulous)
Mouth opening (cm)

35/13/2

32/17/1

4.8 (0.6)

4.7 (0.6)

χ2=2.439
df=1
P=0.118

Direct
(n = 50)
33.8±9.12

C-MAC
(n = 50)
24.8±8.56

P value

18/17/15
(36/34/30)

31/15/4
(62/30/8)

43/7/0

47/3/0

86

94

50
40/10 (20)

50
45/5 (10)

40/10 (20)

48/2 (4)

Demographic data
Age (in years)
(mean±SD)
Sex (male/female)

t=0.033
df=98
P=0.974
χ2=2.627
df=1
P=0.105
t=1.603
df=98
P=0.291
χ2=1.131
df=1
P=0.288
0.278

SD = Standard deviation

Table 2: Intubation data
Intubation data
Intubation time (s)
(mean±SD)
Modified
Cormack – Lehane score
(1/2//3) (n) (%)
Number of intubation
attempts (1/2/3)
Successful intubation at
first attempt %
Over all intubation success
External laryngeal
manipulation (not applied/
applied) (n) (%)
Use of stylet
(not used/used) (n)

t=5.085
df=98
P<0.001
χ2=9.942
df=2
P=0.007
χ2=1.778
df=2
P=0.182
—
—
χ2=1.961
df=1
P=0.161
χ2=6.061
df=1
P=0.014

SD = Standard deviation

Table 3: Airway complication data
Airway intubation
data
Desaturation
Dental injury
Mucosal injury

Direct
(n = 50)
0
0
8

C-MAC
(n = 50)
0
0
1

Esophageal intubation

0

0

P value
—
—
df=1
P=0.03
—

conventional Macintosh laryngoscope having shorter handle
and video screen providing real time display. Laryngeal view
is better with C-MAC videolaryngoscope and hence reducing
intubation time and also no of attempts at intubation.[10] In
the study by Kaplan et al.[11] Video-assisted laryngoscopy
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provides an improved view of the larynx, when compared with
direct visualization. This technique may be useful for cases
of difficult intubation and reintubation as well as for teaching
laryngoscopy and intubation. Furthermore, external laryngeal
manipulation can be applied effectively by the assistant as he
can visualize on video screen. Patients with anticipated airway
difficulties were excluded from our study; this explains why
modified Cormack – Lehane Grade 3b or higher scores were
not encountered in any of the groups.
In a recent multicenter randomized controlled trial evidenced
no difference in performance of awake tracheal intubation
between flexible fiberscope and video laryngoscope.[12]
In emergency situations, the patient’s blood or secretions
in the airway often complicate intubation attempts, and
pharmacological optimization of airway management with
adequate sedation and muscle relaxation might not be
available. In these situations, the C-MAC may prove less
effective than in the current study because the camera view
could be compromised by fogging or pharyngeal blood.
Our study did not include patients with difficult airway.
There is no difference in overall success in intubation between
C-MAC and Macintosh laryngoscope.
In summary, direct laryngoscopy is more difficult in lateral
position. The C-MAC video laryngoscope offers high success
rates in lateral position and intubation can be accomplished in
less time. The current study concludes that C-MAC takes less
time compared to Macintosh for intubations in lateral position.
The C-MAC video laryngoscope thus seems to be an effective
approach for endotracheal intubation in lateral position. However
further studies are needed in patients with difficult airways.
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Risk Factors Affecting the Prognosis
in Patients with Pulmonary Contusion
Following Chest Trauma

Chaudhury Alisha1, Gaude Gajanan2, Hattiholi Jyothi3

ABSTRACT
Introduction: Thoracic injury and its complications are responsible
for as much as 25% for blunt trauma mortality. Pulmonary contusion
occurs in 30%–75% of these cases. Despite advances in pulmonary
care and intensive care management pulmonary contusion still
contributes to higher mortality and morbidity for patients with severe
injuries.
Aim: To assess the outcome of pulmonary contusions in patients
with chest trauma and various factors determining mortality in
these patients.
Materials and Methods: A retrospective case study, over a period
of one year, of all chest trauma cases with pulmonary contusions
confirmed by X-rays or CT scan of thorax, were included in the
study. All the cases were assessed for age, associated injuries,
APACHE II score, SAPS II score, SOFA score, paO2/Fio2 ratio,
fracture of ribs, presence of haemothorax or pneumothorax,
ventilator and ICU days and finally hospital outcome.

Results: A total of 16 cases of pulmonary contusions were
included in the study. Five patients died during the ICU stay and 11
survived. All patients had associated injuries. There was significant
difference seen in APACHE II score (p<0.001), SAPS II score
(p<0.001), SOFA score (p<0.001), paO2/Fio2 ratio (p<0.022) and
ventilator days (p<0.001) among the survivors and non-survivors.
However, no significant difference was seen in presence of fracture
of ribs and presence of either haemothorax or pneumothorax.
Conclusion: The risk factors that were associated with higher
mortality in patients with pulmonary contusions following chest
trauma were APACHE II score, SAPS II score, SOFA score, paO2/
Fio2 ratio and ventilator days. Close monitoring to improve the gas
exchange and better fluid management will help in improving the
survival in these patients.

Keywords: Blunt chest injury, Mortality, Prognosis, Rib fractures

Introduction

Materials and Methods

Road traffic accidents are on the rise and many of these patients
suffer from head injuries and lung contusions besides sustaining
fractures at the other sites of the body. Besides, pulmonary contusion
is a common occurrence in patients sustaining any severity of blunt
chest trauma [1]. It can also be caused due to explosion injuries
or a shock wave associated with a penetrating trauma. Following
the injury to the lung parenchyma, accumulation of blood and fluid
develops in the alveolar spaces causing oedema and disruption of
normal lung structure and function [2]. This occurs during the first 24
hours after the injury and resolves within approximately seven days
[1]. Patients may present initially with minimal respiratory insufficiency
while 50% - 60% of these patients may develop acute respiratory
distress syndrome (ARDS) requiring mechanical ventilation and this
increases the mortality in these cases [3].

A retrospective case study was conducted at KLES Dr. Prabhakar
Kore Hospital and MRC, Belgaum between January 2013 to
December 2013 of all blunt chest trauma cases with pulmonary
contusions was done. Chest X–rays and CT scan of thorax had been
used to diagnose pulmonary contusions in all the patients. Hospital
records were reviewed for collection of demographic data, duration
of hospital admission, hospital course and final outcomes. These
patients were evaluated for various variables such as age, associated
injuries, APACHE II score, SAPS II score, SOFA score, paO2/Fio2
ratio, fracture of ribs, presence of haemothorax or pneumothorax,
requirement of ventilatory support, number of ventilator days, ICU
days, use of colloids, PEEP usage, mean positive fluid balance per
day, and finally, hospital outcome. Data analysed were divided into
two groups – survivors and non survivors. Post mortem examination
was done on all patients who died as most of these cases were
admitted as Medico-legal cases. A total of five patients with lung
contusion died, and post-mortem showed that these patients had
severe pulmonary haemorrhage along with haemorrhage in the brain.
The study was approved by the Institutional Ethics committee.

Pulmonary contusions may present along with rib fractures and other
signs of chest wall trauma like bruising, flail chest, haematomas,
etc. Associated pleural effusion, haemothorax and pneumothorax
may also be seen [4]. Hypoxemia and respiratory distress occurs
due to ventilation-perfusion mismatch, increased intra-pulmonary
shunting, segmental lung damage and loss of lung compliance [2].
Management goals traditionally followed are judicious fluid
management, supportive oxygen therapy and supportive therapy.
Intensive care may be required for close monitoring and provision
of mechanical ventilation at the earliest. Mortality in these cases
can be prevented by early diagnosis and close monitoring of the
treatment in these patients with lung contusion.
Therefore, the present study was done to assess the outcome in all
the cases of blunt chest trauma with pulmonary contusions in our
intensive care unit and to evaluate the various factors determining
the mortality in these patients.
Journal of Clinical and Diagnostic Research. 2015 Aug, Vol-9(8): OC17-OC19

Statistical analysis
Statistical analysis was done using student unpaired t-test and
Fisher Exact test. A p-value < 0.05 was considered significant.

Results
A total of 16 cases of pulmonary contusions were included in the
study. Baseline characteristics of all the patients within the first 24
hours are shown in [Table/Fig-1]. A total of 5 patients died during
the ICU stay and 11 survived. Two patients with coexisting head
injuries, and two patients having lower limb crush injuries and liver
17
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laceration respectively died of sepsis and one patient had lung
laceration with continuous bleeding.
All patients had associated injuries like head injuries, crush injuries,
liver laceration, various bones fractures etc. Three patients in nonsurvivor group had rib fractures and 4 had associated haemo
pneumothorax [Table/Fig-2,3]. Most of the patients belonged to the
age group of 20-60 years. All the patients were males. The mean
age of non survivor was higher than survivors (40.4 v/s 35 years
respectively). There was significant difference observed among the
survivors and non-survivors in APACHE II score (10.2 ± 8.32 vs
29.4 ± 4.56; p<0.001), SAPS II score (19.6 ± 13.28 vs 55.8 ± 7.91;
p<0.001), SOFA score (5.1 ± 4.08 vs 13.8 ± 4.08; p<0.001), mean
paO2/Fio2 ratio(196.4 ± 80.89 vs 96.2 ± 42.56; p < 0.022) and mean
ventilator days (1 ± 1.48 vs 4.8 ± 2.38; p<0.001) respectively.
However, no significant difference was seen in number of ICU days,
presence of fracture of ribs and presence of either haemothorax
or pneumothorax between the two groups. The detail analysis is
presented in [Table/Fig-4].
There was increased incidence of bleeding through the endotracheal
tube, positive fluid balance (1155.4 ± 435.6 ml) in non-survivors
versus (448.9 ± 643 ml) in survivors group (p=0.007), but no
difference was noted in with either crystalloid or colloid use.
Survivors
n=11 (68.7%)

Non survivors
n=5 (31.3%)

35

40.4

APACHE II score

10.2+8.32

29.4+4.56

<0.001

SAPS II score

19.6+13.28

55.8+7.91

<0.001

Variables
Age

SOFA score

p-value

5.1+4.08

13.8+4.08

<0.001

Coexisting head injury

1 (9.09)

2 (40)

0.243

Fracture of ribs

8 (72.72)

3 (60)

1

Presence of haemo/
pneumothorax

5 (45.45)

4 (80)

0.308

[Table/Fig-1]: Baseline characteristics of the patients

[Table/Fig-2]: Chest x-ray showing right sided lung contusion with intercoastal
tube in situ for haemothorax

[Table/Fig-3]: CT scan thorax showing bilateral lung contusions of lower lobes
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Variables

Survivors
n=11 (68.7%)

Non survivors
n=5 (31.3%)

p-value

Mean paO2/Fio2 ratio

196.4+80.89

96.2+42.56

<0.022
<0.001

Mean ventilator days

1+1.48

4.8+2.38

Mean ICU days

5.5+2.91

4.8+2.38

0.626

Use of vasopressors

2 (18.18)

4 (80)

0.177

[Table/Fig-4]: Mean variables between the survivors and non survivors

Discussion
Pulmonary contusions occur in 30%-75% of the cases with blunt
thoracic trauma following vehicular accidents [5]. Isolated cases can
occur due to explosion injury, but most common associated injuries
like rib fractures and haemo-pneumothorax are also seen [6].
Respiratory distress is common after lung trauma, with hypoxemia
and hypercapnea being greatest at 72 hours [1]. Hypoxemia occurs
due to ventilation-perfusion mismatch in spite of proper ventilatory
management.
Our study showed mean age of survivors to be lesser than nonsurvivors which was significant. There was also significant difference
in the mean daily positive fluid balance and ventilator days. Whether
the positive fluid balance worsened the lung injury and caused
refractory hypoxemia in all these patients and caused mortality
is unclear. Therefore, standard resuscitation with crystalloids and
blood products should be started immediately to obtain euvolemia,
which is probably the ideal [7].
Endotracheal bleeding was seen in non-survivors which could have
been contributed to mortality in these patients. ICU scoring systems
like APACHE II, SAPS II and SOFA scores used for initial assessment
of the patient within first 24 hours was higher in non- survivors as
compared to the survivors. The risk factors that were associated with
higher mortality in patients with pulmonary contusions in the present
study were APACHE II score, SAPS II score, SOFA score, paO2/
Fio2 ratio, ventilator days and higher positive fluid balance. Wu et
al., observed that the risk factors that affected prognosis in patients
with acute lung injury due to thoracic trauma were the APACHE
score, duration of trauma, age, gastrointestinal haemorrhage,
pulmonary contusion, disseminated intravascular coagulation (DIC),
multiple blood transfusions in 6 hour, Injury Severity Score (ISS),
and aspiration of gastric contents [8]. A study by Stelin showed that
age, severity of injury, associated head trauma and shock were the
most important factors affecting survival in patients with pulmonary
contusion [9].
Chest X-ray is the first investigation for evaluation but CT thorax
remains a better choice. Focal or diffuse homogeneous opacification
on chest radiograph is the mainstay of diagnosis for lung contusion.
The opacification seen with pulmonary contusions is irregular and
does not conform to segments or lobes within the lung. Pulmonary
contusion is not always immediately apparent radiographically;
one-third of patients fail to demonstrate a lesion on the initial chest
radiograph [7] and hence often it requires follow-up chest radiograph
for confirmation of the diagnosis. In the present study most of the
patients had undergone a CT thorax for detail evaluation of thoracic
injuries including haemothorax. Cohn et al., [1] has observed that
the CT scan of thorax is highly sensitive in identifying the lung
contusions and may help in predicting ventilator requirement.
Tyburski et al., [5] made an attempt to quantify the volume of the
pulmonary contusion and correlate this volume with outcome,
and they compared the pulmonary contusion score (PCS) with the
initial radiograph to a repeat film 24 hours later. The mean increase
in the PCS of 7.9 units was nearly equivalent to an entire hemilung volume. Miller et al., [10] found that in a series of pulmonary
contusion detected by CT thorax scan, a mean of 18% of the
pulmonary parenchyma was contused, and that the contusion
increased by 11% with a repeat CT scan at 24 hours. Moreover,
82% of patients with a contusion of at least 20% developed acute
Journal of Clinical and Diagnostic Research. 2015 Aug, Vol-9(8): OC17-OC19
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respiratory distress syndrome (ARDS) versus only 22% of patients
with a contusion less than 20%. There was also an increasing trend
in the development of pneumonia in cases of greater contusion.
Bedside chest ultrasonography can also used to detect injuries
in the intensive care unit when in certain situations patient cannot
undergo a CT scan. Wustner et al., showed that rib fractures and
pleural effusions are commonly diagnosed by ultrasonography in
patients with blunt thoracic trauma as compared to chest X-rays
(65% versus 36%) and (37% versus 11%) respectively [11].
Effective treatment includes supportive treatment with oxygen
support, maintenance of effective fluid balance, monitoring
respiratory functions, aggressive pulmonary toilet with coughing,
deep breathing and suctioning as needed and postural changes
and drainage of haemopneumothorax, if present [6]. Goals of
treatment in these patients include prevention of respiratory failure
and hypoxia. Lung protective ventilation as per ARDS Net protocols,
that is low tidal volume along with high PEEP has been advised, but
this can aggravate respiratory acidosis. All the non survivors were
hypoxic. All the patients had been ventilated with volume control
ventilation to improve oxygenation. For refractory hypoxemia, high
PEEP, inverse ratio ventilation and prone positioning can be used,
whenever feasible. When the above measures fail, then individual
lung ventilation with a double lumen tube should be considered, and
also high frequency jet ventilation has shown good improvement in
selective patients with bilateral lung contusions [12]. But it has not
been shown to improve survival in blunt chest trauma. This was not
used for our patients due to non availability.
Use of non-invasive positive pressure ventilation (NIPPV) for
chest trauma induced hypoxemia can be considered if there are
no obvious contraindications, but this lacks evidence. However,
tracheal intubation and mechanical ventilation should never be
delayed if the respiratory status worsens under NIPPV. Vidhani
et al., have reported good outcome in patients with pulmonary
contusions with non-invasive ventilation and questioned the validity
of Advanced Trauma Life Support (ATLS) guidelines which strictly
advises invasive ventilation for all trauma patients with hypoxia [13].
This requires more trials to be conducted for proving its validity.
Most of the pulmonary contusions heal within 14 days without
complications. Patients with severe injuries and having larger lung
contusions have fairly consistent symptoms. The most common
complaints in these patients include dyspnea, decreased exercise
tolerance, and chest pain on the side of the injury. Landercasper et
al., studied 62 patients who had flail chest following injury, and 42
of these cases were having concomitant pulmonary contusion [14].
A total of 32 patients were available for mean follow-up for 5 years.
It was observed that nearly about 25% had chest tightness, 49%
had chest pain, and 63% complained of dyspnea. On examination
it was observed that, about 46% had reduced chest expansion of
less than 5 cms, and 57% had abnormal spirometry.

Chaudhury Alisha et al., Prognosis in Lung Contusion

limitations
The limitations of the study were that it was a retrospective type
and details about certain interventions done like prone positioning,
inverse ratio ventilation were not clearly available. However,
close monitoring, to improve the gas exchange and better fluid
management will help in improving the survival in these patients.
Early measures to prevent worsening of hypoxemia should be
undertaken. Finally, ideal and feasible scoring systems should be
developed to assess the patients well during the initial 24 hours
for better management and this will improve the outcome in these
patients.

Conclusion
Pulmonary contusions are common in blunt as well as penetrating
chest injuries. The risk factors that were associated with higher
mortality in patients with pulmonary contusions in the present study
were APACHE II score, SAPS II score, SOFA score, paO2/Fio2 ratio
and ventilator days. Close monitoring to improve the gas exchange
and better fluid management will help in improving the survival in
these patients.
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In response to the global effort to accelerate progress towards the Millennium Development Goals
4 and 5, a partnership was created between the Eunice Kennedy Shriver National Institute of Child
Health and Human Development (NICHD) and the Bill and Melinda Gates Foundation to establish
the Global Network for Women's and Children's Health Research (Global Network) in 2000. The
Global Network was developed with a goal of building local maternal and child health research
capacity in resource-poor settings. The objective of the network was to conduct research focused
on several high-need areas, such as preventing life-threatening obstetric complications, improving
birth weight and infant growth, and improving childbirth practices in order to reduce mortality.
Scientists from developing countries, together with peers in the USA, lead research teams that
identify and address population needs through randomized clinical trials and other research
studies. Global Network projects develop and test cost-effective, sustainable interventions for
pregnant women and newborns and provide guidance for national policy and for the practice of
evidence-based medicine. This article reviews the results of the Global Network's research, the
impact on policy and practice, and highlights the capacity-building efforts and collaborations
developed since its inception.
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1. Introduction
Maternal and newborn mortality and stillbirth rates have remained high in low resource
settings, with only slow progress in reaching goals to reduce these mortalities [1–3]. In
response to this need, the Eunice Kennedy Shriver National Institute of Child Health and
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Human Development (NICHD) founded a research network in 2000. Initially, the Global
Network for Women's and Children's Health Research (Global Network) included 10 sites
and a Data Coordinating Center (DCC) and conducted individual site studies of
interventions focused on problems in pregnancy and birth [4–12]. Today, the Global
Network comprises seven research sites and focuses on community-based common
protocols, conducted at three or more sites, which address major maternal and newborn
health challenges with the goal of developing low cost, sustainable interventions to improve
maternal and child health and simultaneously build local research capacity and infrastructure
[13–24]. This unique position gives Global Network the ability to identify gaps between
science and practice. Each study examines either a novel evidence-based treatment or an
innovative use of a proven treatment to improve the health, well-being, and survival of
pregnant women, fetuses, and infants. All studies conform to US and international ethical
and safety guidelines. More than twenty trials have been conducted by investigators within
the network since its inception (Table 1).

2. Our mission
The overall goal of the Global Network is to expand the scientific knowledge relevant to
improving health outcomes for women and children in low income countries. This has been
achieved through the development of sustainable research infrastructure and public health
intervention capabilities in low–middle income countries and strengthened international
collaborative research efforts that focus on the leading causes of morbidity and mortality in
pregnancy and early childhood.

3. Successful collaborative research unit structure
Author Manuscript
Author Manuscript

The Global Network currently comprises seven Research Units (RUs) composed of
multidisciplinary teams of collaborating US scientists linked to investigators and their
institutions in low income countries as full and equal partners; an independently funded
single DCC) which provides research support services and methodological and statistical
expertise; and the NIH (represented by the NICHD Project Scientist and Program Official)
(Table 2). The current sites include India (Belgaum and Nagpur), Pakistan, Guatemala,
Zambia, Kenya, and the Democratic Republic of Congo (Fig. 1). Former member sites were
located in Argentina, Uruguay, Tibet, and Brazil. The administrative and funding instrument
used for this program is the cooperative agreement (NIH U10), an “assistance” mechanism
(rather than an “acquisition” mechanism), in which substantial NIH programmatic
involvement with the awardees is anticipated during the performance of the activities. Under
the cooperative agreement, the NIH purpose is to support and stimulate the recipients'
activities by involvement in, and otherwise working jointly with, the award recipients in a
partnership role; it is not to assume direction, prime responsibility, or a dominant role in the
activities. Global Network grantees are selected based on NIH review of meritorious
applications which are submitted in response to a request for applications. Applicants, who
must represent sites from low income countries, are graded based on the scientific rigor of
their application as well as the ability to demonstrate scientific productivity, access to the
relevant populations of interest, in-country organizational capability, a history of
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collaboration, evidence of foreign institution support, appropriate multidisciplinary
expertise, and sensitivity to the ethical and cultural issues related to global health research.

4. Leaders in global health research

Author Manuscript

With more than 102 research clusters in six countries around the world and seven highly
experienced RUs with a cadre of academic, clinical, epidemiologic professionals working in
collaboration with universities, health organizations and ministries of health, the Global
Network is unique in its role in promoting the health and well-being of mothers and their
children in the settings where it operates [25–32]. The collaborative nature of the program
and the outcomes of the research have led to discovery of evidence-based scientific
knowledge with implications for practice and policy. Our activities have resulted in
substantial expansion of the skills of local health workers and physicians and have afforded
opportunities to local scientists to develop protocols, abstracts, manuscripts, and
presentations. Local capabilities in information technology and data collection and
management have also been augmented; these activities are designed to facilitate
independent continuation of local research activities that will ultimately lead to improved
health care systems in the participating countries.

5. Landmark trials
The Global Network has conducted a number of individual site and multi-site trials that have
outcomes which have been influential in developing both the global research agenda and
policy. Several of these are described below and summarized in Table 3.
5.1. Misoprostol

Author Manuscript
Author Manuscript

In a placebo-controlled trial undertaken between September, 2002, and December, 2005,
1620 women in rural India were randomized to receive oral misoprostol (n = 812) or placebo
(n = 808) after delivery [4]. Auxiliary nurse midwives undertook the deliveries,
administered the study drug, and measured blood loss. The primary outcome was the
incidence of acute postpartum hemorrhage (defined as ≥500 mL bleeding) within 2 h of
delivery. Analysis was by intention-to-treat. Oral misoprostol was associated with a
significant reduction in the rate of acute postpartum hemorrhage {from 12.0% to 6.4%; P <
0.0001; relative risk: 0.53 [95% confidence interval (CI): 0.39–0.74]} and acute severe
postpartum hemorrhage [from 1.2% to 0.2%; P < 0.0001; 0.20 (0.04–0.91)]. One case of
postpartum hemorrhage was prevented for every 18 women treated. Misoprostol was also
associated with a decrease in mean postpartum blood loss (from 262.3 to 214.3 mL, P <
0.0001). Postpartum hemorrhage rates fell over time in both groups but remained
significantly higher in the placebo group. Based on this preliminary work, oral misoprostol
was added to the World Health Organization (WHO) essential drug list in June 2012 [32].
5.2. Newborn care training in developing countries (First Breath)
The First Breath Trial used a train-the-trainer model: local instructors trained birth
attendants from rural communities in six countries (Argentina, Democratic Republic of
Congo, Guatemala, India, Pakistan, and Zambia) in the WHO Essential Newborn Care
course (ENC) which focuses on routine neonatal care, resuscitation, thermoregulation,
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breastfeeding, “kangaroo” [skin-to-skin] care, care of the small baby, and common illnesses
and (except in Argentina) in a modified version of the American Academy of Pediatrics
Neonatal Resuscitation Program (basic resuscitation skills). The ENC intervention was
assessed among 57,643 infants with a pre–post design and then clusters were randomized to
NRP training or standard care. The primary outcome was neonatal death in the first seven
days after birth. Although there was no significant reduction in the neonatal death rate from
all causes or perinatal death in the intervention clusters, there was a significant reduction in
the rate of stillbirth (relative risk with training: 0.69; 95% CI: 0.54–0.88; P = 0.003) [14].
The Helping Babies Breathe (HBB) initiative originated as a development from the Global
Network First Breath trial. HBB was field-tested and has been scaled up globally by the
American Academy of Pediatrics, USAID and its partners, Saving Newborn Lives, Laerdal,
Inc. in consultation with the Global Network [33]. Subsequently, the Global Network
undertook a pre–post study to evaluate the impact of the HBB training program on all-cause
mortality [19].
5.3. Maternal Newborn Health Registry
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The Global Network's Maternal Newborn Health Registry (MNHR) is a prospective,
population-based registry of pregnancies at the Global Network sites [23]. It began in May
2008, as an expansion of the population-based data collection tool established at Global
Network sites for the First Breath Study. The primary purpose of the MNHR is to quantify
and analyze trends in pregnancy outcomes over time in order to provide population-level
statistics within defined geographic areas [24,27,34,35]. In addition, the MNHR provides
data to plan future studies in the Global Network and continues to serve as a data collection
tool for pregnancy outcomes in individual studies. To date, more than 450,000 pregnant
women have been enrolled, of which delivery outcome data have been reported for 98.9% of
women enrolled and 98% of 42 day follow-up visits, overall. No site has had >5% loss to
follow-up at 42 days postpartum [36]. Each site develops a monitoring plan to ensure the
quality of the data through assessment of various indicators of completeness of data
collection, data quality, data accuracy and data entry. The data are collected by registry
administrators who train on the completion of data forms, schedule of data collection and
process for editing data forms. Birth attendants are trained to collect data and assess basic
clinical variables and outcomes, including differentiation of stillbirths from early neonatal
deaths, birth weight and assessment of gestational age. This is the only database of
pregnancy and pregnancy-related birth outcomes of such magnitude in low-resource
settings.
5.4. Antenatal corticosteroids trial (ACT)

Author Manuscript

From 2011 to 2014, the Global Network conducted a randomized controlled trial with a
focus on reduction of neonatal mortality by improving the identification of women at high
risk of preterm delivery [18]. The four components of the intervention included: (1)
diffusing recommendations to health care providers for appropriate antenatal corticosteroid
(ACS) use; (2) training healthcare providers to identify the signs of preterm labor and
eligibility criteria for ACS use among pregnant women; (3) providing reminders to health
care providers on the use of the kits; (4) using a color-coded tape to measure uterine height
in order to estimate gestational age in women at risk for preterm delivery with unknown
Semin Fetal Neonatal Med. Author manuscript; available in PMC 2016 October 01.
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gestational age. Because gestational age dating was challenging in these settings, <5th
percentile birth weight was used as a proxy for preterm birth. The primary findings showed
that the intervention effectively increased ACS administration in <5th percentile infants
(45% vs 10%) – there was overtreatment of ACS (12% of all women received ACS; 16% of
them delivered <5th percentile). Neonatal mortality rates did not decrease in small infants or
in preterm births. Among all births, the intervention resulted in a 3.5 per 1000 absolute
increase in neonatal deaths and a 5.1 per 1000 increase in perinatal deaths. The negative
impact on stillbirths was also significant. The negative effect was concentrated among
infants >25th percentile birth weight. There was a 3.6% absolute increase in suspected
infection among mothers of small babies and 0.8% among all women. Since the results were
published in The Lancet they have generated extensive interest regarding the current practice
and guidelines around the use of ACS in community settings [37,38].
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6. Capacity building
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In more than a decade of its existence the Global Network has developed a strong cadre of
interdisciplinary health research teams both at the US institutions and in the foreign sites.
For each clinical trial conducted, there has a combination of health workers in the field using
train-the-trainer models (Table 4). Training in health interventions has included neonatal
resuscitation, birth attendant training in active management of third stage of labor, accurate
data collection and reporting by the pregnancy and birth registry administrators, assessment
of gestational age in pregnancy using tools and materials developed and validated by
investigators [39], use of Doptone for fetal heart detection, care and feeding of the low birth
weight/preterm infant [40], use of ultrasound to detect pregnancy complications [41], verbal
autopsy to verify cause of death [21], and sample collections for pharmacokinetic and
pharmacodynamics analyses [11]. By virtue of their participation in the Global Network,
principal investigators, senior foreign investigators and team members alike have received
numerous academic awards and recognition from their home institutions and the health
systems of their countries. Specifically, 26 Global Network-affiliated investigators have
completed Masters degrees, nine PhDs or other doctorate degrees, and during the Global
Network tenure at least 20 promotions and 18 various awards spanning national and
international organizations, universities and societies such as the American Pediatric
Society, Asian Society of Pediatric Research, Early Career Award from the Thrasher Fund,
the International Development Research Centre (Canada) and the American Academy of
Pediatrics Apgar award have been obtained. Many of these are credited to the research
activities performed with the Global Network. In addition, each team has contributed to the
scientific community, through presentations at conferences and publications, with more than
100 publications generated from the Global Network, the majority of which have originated
from the international scientists, and 32 different international investigators leading a
publication.

7. Discussion
In a recent review of the impact of reducing preventable deaths [42] the authors predict that
the maximum effect on neonatal deaths is through interventions delivered during labor and
child birth, including for obstetric complications (41%), followed by care of small and ill
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newborn babies (30%). They further go on to report that meeting the unmet need for family
planning with modern contraceptives would be synergistic, and would contribute to around a
halving of births and therefore deaths. Their analysis also indicates that available
interventions can reduce the three most common causes of neonatal mortality – preterm,
intrapartum, and infection-related deaths – by 58%, 79%, and 84%, respectively. In 2009,
Bhutta et al. conducted a meta-analysis of published research to derive the evidence for
community and health systems approaches to improve uptake and quality of antenatal and
intrapartum care, and synthesize program and policy recommendations for how best to
deliver evidence-based interventions at community and facility levels, across the continuum
of care, to reduce stillbirths [43]. Their recommendation was for the implementation of
packages of interventions to be tailored to local conditions, including local levels and causes
of stillbirth, accessibility of care and health system resources and provider skill. This
approach, featuring a package of interventions, is precisely what the Global Network has
embarked upon.
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In the second funding cycle, the Global Network developed an informal five-year strategic
plan which encompassed addressing the spectrum of health-related issues that had the
highest morbidity and mortality among the study population. After the successful
misoprostol trial that showed a significant reduction in postpartum hemorrhage with
community-based use of misoprostol, the goal of subsequent trials was to reduce early
neonatal mortality (FB), improve the accuracy of tracking and reporting pregnancy and
pregnancy-related outcomes (MNHR), facilitate access to care and enhance referrals systems
for pregnant women during labor and delivery (EmONC), improve survival of at-risk
preterm infants (ACT) and enhance growth and survival by encouraging exclusive
breastfeeding and improving complementary feeding up to age two years. Both the positive
and negative outcomes of the trials have been instrumental in driving the international
research agenda and health care practice in low resource settings.
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Undeniable challenges to the research include issues related to data reporting such as
misclassification of cause of death, for which the investigators are now validating a new
cause of death tool to improve accuracy and consistency in assignment by the MNHR staff
[44]. The lack of robust civil registration systems in the Global Network clusters poses a
problem for comparability of ascertainment of all pregnancies and the outcomes. An internal
monitoring process has been developed in order to track performance as a measure of
quality. Given the diverse nature of the Global Network clusters, each site models its
tracking system around the current health system structure taking into account cultural
beliefs and practices surrounding pregnancy and child birth. Performance benchmarks were
created and sites with low recruitment were successful in improving performance through
creative means such as giving cell phones and scales to village elders (Kenya) and
developing an eligible-woman-tracking system among newlyweds (Belgaum) [45,46]. Close
relationships between the registry administrators and birth attendants in the communities has
enhanced reporting of events such as pregnancy loss or stillbirths, which were previously
under-reported. Building trust within the communities has helped facilitate the 98% rate of
outcomes captured, on a consistent basis since 2010. Though not formally studied,
contextual factors such as free health care provision, environmental disasters such as floods,
and sudden changes in personnel are implicated in the data-reporting trends that are seen.
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Keen understanding and appreciation for these issues by investigators within the Global
Network allow for corrective action and adjustments to reduce bias in the interpretation of
the results.

8. Conclusion
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The Eunice Kennedy Shriver NICHD's Global Network for Women's and Children's Health
Research is one of more than 70 NICHD networks, consortia and centers that are funded to
conduct a broad range of research with areas of interest that include AIDS and HIV,
disability among children, obstetric–fetal pharmacology, reproductive medicine and rare
diseases, to name a few. Though the Global Network has not directly funded training of
fellows or other graduate degrees, such as the Fogarty International Center, all research staff
participate in and receive accreditation in Good Clinical Practice as well as additional
research training and clinical intervention training.
For every trial conducted, particularly for the common protocols, development of the study
relies on the potential for capacity building as one of the major criteria that the Steering
Committee uses to score the concept. When a trial is approved for implementation in the
field, part of the preparation is identification of research staff who will need to be trained in
the various areas of study implementation, enrollment and consent, data entry and
management.
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The assessment and retention of skills among the health workers has been evaluated for
several studies. Some skill-sets are more reliably replicated than others; however, the
capacity of the research teams clearly has grown overall. Ultimately, the continued
involvement of a relatively stable number of clusters for such an extended time has been
effective, as demonstrated by the ability to conduct large multi-site, multi-country
randomized clinical trials with rigor.
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Map of Global Network sites. DRC, Democratic Republic of Congo.
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Table 1

Author Manuscript

Global Network for Women's and Children's Health Research: studies.

Author Manuscript
Author Manuscript
Author Manuscript

Principal investigator

Field sites

  First Breath: a community-based cluster randomized trial of
Neonatal Resuscitation Training in Developing Countries

Waldemar Carlo

Guatemala, DRC, Zambia,
India (Orissa, Belgaum),
Pakistan

  First Bites: complementary feeding a Global Network Cluster
Randomized Controlled Trial

Michael Hambidge

Guatemala, DRC, Zambia,
Pakistan

  Verbal autopsy of perinatal deaths

Cyril Engmann

Guatemala, DRC, Zambia,
Pakistan

  BRAIN Home-based Intervention Trial

Waldemar Carlo

Belgaum, India, Pakistan,
Zambia

  EMONC (Emergency Obstetric Maternal and Neonatal Care): a
combined community- and facility-based approach to improve
pregnancy outcomes in low-resource settings

Robert Goldenberg, Omrana Pasha

Argentina, India (Belgaum,
Nagpur), Kenya, Zambia,
Pakistan, Guatemala

  Maternal and neonatal health registry

Carl Bose, Waldemar Carlo

India (Belgaum, Nagpur),
Kenya, Zambia, Pakistan,
Guatemala, DRC

  Antenatal Corticosteroid Trial

Pierre Buekens, Jose Belizan,
Fernando Althabe

Argentina, India (Belgaum,
Nagpur), Kenya, Zambia,
Pakistan, Guatemala

  The Intrapartum Indicator: pilot study

Robert Goldenberg

Guatemala, Pakistan, India
(Belgaum and Nagpur), DRC

  Survey of Tobacco Use among Pregnant Women

Robert Goldenberg, Michele Bloch

Argentina, Brazil, Guatemala,
DRC, Zambia, India (Orissa,
Belgaum), Pakistan

  Survey of Community Birth Attendants: Knowledge, Care and
Practices

Ana Garces

Argentina, Guatemala, DRC,
Zambia, Belgaum, India,
Pakistan

  Women First: Preconception Nutritiona

Nancy Krebs, Michael Hambidge,
Ana Garces

Guatemala, Pakistan, India
(Belgaum), DRC

  First Look: Ultrasound at Antenatal Carea

Robert Goldenberg, Elizabeth
McClure

DRC, Guatemala, Kenya,
Pakistan, Zambia

  Aspirin to reduce preterm birthb

Richard Derman, Matthew Hoffman,
Shiva Goudar

India (Belgaum and Nagpur),
Kenya, Zambia, Pakistan,
Guatemala, DRC

  Clustered Trial for Improving Perinatal Care in Uruguay/
Argentina

Jose Belizan, Pierre Buekens

Argentina

  Safe Pregnancy by Infectious Disease Control in Kinshasa,
Democratic Republic of the Congo: Pilot Study and Biologic
Specimen

Antointte Tshefu, Robin Ryder

DRC

  Neonatal Resuscitation in Zambia

Elwyn Chomba, Waldemar Carlo

Zambia

  Systematic Pediatric Care for Oral Clefts in South America

Ed Castilla, Jeff Murray,

South America

  Oral Cleft Prevention Trial in Brazil

Ed Castilla, Jeff Murray,

South America

  Cluster Randomized Trial of Antioxidant Therapy to Prevent
Preeclampsia in Brazil

Freire, Joe Spinnato

Brazil

  Randomized Placebo-Controlled Trial (RPCT) of Maize/Zinc in
Guatemala

Manolo Mazariegas, Michael
Hambidge

Guatemala

  Prevention of Infection in Indian Neonates: Phase II Probiotics
Study

S.N. Parida, Pinaki Panigrahi

Orissa, India

  Randomized controlled trial of Misoprostol for Postpartum
Hemorrhage in India

Bhala Kodkany, Richard Derman

Belgaum, India

Multi-site studies

Single site research (completed)
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Author Manuscript

Principal investigator

Field sites

  Study of Perinatal Outcomes in Pakistan

Rozina Karmaliani, Omrana Pasha,
Robert Goldenberg

Pakistan

  Chlorhexidine Wash to Prevent Neonatal and Maternal Mortality
in Pakistan

Sarah Saleem, Robert Goldenberg

Pakistan

  Zhi Byed 11 (ZB11) versus Misoprostol in Tibet

Michael Varner

Tibet

  Caterpillar as a complementary food

Carl Bose

DRC

  Chicken liver as a complementary food

Omrana Pasha, Robert Goldenberg

Pakistan

  Monkeypox surveillance

Anne Rimoin

DRC

a

Trial underway.

b

Trial in development.

Author Manuscript
Author Manuscript
Author Manuscript
Semin Fetal Neonatal Med. Author manuscript; available in PMC 2016 October 01.

Koso-Thomas and McClure

Page 14

Table 2

Author Manuscript

Study investigators, 2011–2015.
Study Site

Senior foreign investigator

US principal investigator

Argentina

Jose Belizan

Pierre Buekens

DRC

Antoinette Tshefu

Carl Bose

Zambia

Elwyn Chomba

Waldemar Carlo

Guatemala

Ana Garces

Nancy Krebs, Michael Hambidge

Belgaum, India

Bhala Kodkany

Richard Derman

Pakistan

Omrana Pasha

Robert Goldenberg

Nagpur, India

Archana Patel

Pat Hibberd

Kenya

Fabian Esamai

Edward Liechty

Data Coordinating Center

–

Elizabeth McClure

Author Manuscript
Author Manuscript
Author Manuscript
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Table 3

Author Manuscript

Global Network: randomized clinical trials.

Author Manuscript

Clinical trial

Main findings

Misoprostol to reduce postpartum
hemorrhage [4]

Oral misoprostol was associated with a significant reduction in the rate of acute postpartum
hemorrhage and acute severe postpartum hemorrhage. One case of postpartum hemorrhage was
prevented for every 18 women treated. Postpartum hemorrhage rates fell over time in both groups
but remained significantly higher in the placebo group.

First Breath: community-based training
and intervention in neonatal
resuscitation [14]

With community-based training in neonatal resuscitation, there was no significant reduction in the
neonatal death rate from all causes or perinatal death in the intervention clusters; however, there
was a significant reduction in the rate of stillbirth resulting in an overall decrease in the perinatal
mortality rates among intervention clusters.

First Bites: Global Network Cluster
Randomized Controlled Trial of
complementary feeding to improve
linear growth [46]

Linear growth rates did not differ between the treatment groups. The high rate of stunting at
baseline and the lack of effect of either the meat or multiple micronutrient-fortified cereal
intervention to reverse its progression argue for multifaceted interventions beginning in the pre- and
early postnatal periods.

EMONC: a combined community- and
facility-based approach to improve
pregnancy outcomes in low-resource
settings [15]

This community-based intervention did not significantly reduce perinatal mortality in community
settings.

ACT: Antenatal Corticosteroids Trial to
reduce neonatal mortality associated
with preterm birth [18]

Despite increased use of antenatal corticosteroids in low-birthweight infants in the intervention
groups, neonatal mortality did not decrease in this group, and increased in the population overall.
For every 1000 women exposed to this strategy, an excess of 3.5 neonatal deaths occurred, and the
risk of maternal infection seems to have been increased.

Maternal Newborn Health Registry
(MNHR) [23]

The MNHR has enrolled >450,000 pregnant women with 97% follow-up to delivery and six weeks
postpartum.

Author Manuscript
Author Manuscript
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Table 4

Author Manuscript

Health and research training conducted within Global Network for multi-site research.

Author Manuscript

Type of training

Trainees

Study

Essential newborn care (ENC)

Traditional birth attendants (TBAs), nurses,
midwives, physicians

First Breath

Neonatal resuscitation

Traditional birth attendants (TBAs), nurses,
midwives, physicians

First Breath

Cause of stillbirth and early neonatal death

Nurse, midwives, community health workers

Verbal autopsy

Early intervention program

Community health workers, nurses

BRAIN

Home-based life-savings skills

TBAs, community health workers, nurses

Emergency Obstetric Maternal and Neonatal
Care (EMONC) trial

Community mobilization skills

Community health workers, traditional birth
attendants

EMONC trial

Emergency obstetric and newborn care

Physicians, nurses

EMONC trial

Gestational age assessment

Physicians, nurses, community health workers

Antenatal Corticosteroid Trial

Preterm birth assessment

Physicians, nurses, community health workers

Antenatal Corticosteroid Trial

Newborn resuscitation

Physicians, nurses, midwives, community health
workers

Helping babies breathe

Anthropometric measurements

Health visitors

Women First: Preconception Nutrition

Basic obstetric ultrasound

Nurses, midwives

First Look: Ultrasound at Antenatal Care

Author Manuscript
Author Manuscript
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Objective: To study the etiology of neuroregression in children
having deficiency of the lysosomal enzymes.
Design: Review of medical records.
Setting: Specialized Genetic Center.
Participants: 432 children aged 3 mo-18 y having regression in a
learned skill, selected from 1453 patients referred for diagnostic
workup of various Lysosomal storage disorders (LSDs).
Methods: Plasma chitotriosidase, quantitative and qualitative
glycosaminoglycans, and mucolipidosis-II/II screening followed
by confirmatory enzyme study using specific substrate was
carried out; Niemann-Pick disease Type-C was studied by fillipin
stain method on skin fibroblasts.
Results: Total 309 children (71.5%) were diagnosed with different
lysosomal storage disorders as the underlying cause of
neuroregression. Plasma chitotriosidase was raised in 82 of 135;
64 (78%) of these had various LSDs. 69 out of 90 cases showed
high excretion of glycoaminoglycans, and 67 (97.1%) of these

N

euro-regression in childhood could either be
genetic with neurometabolic origin or nongenetic causes such as infections and toxins
[1]. It has been observed that more than twothird of the diagnosed cases of progressive neurological
decline are due to metabolic disorders [2].
Approximately 4.5% of the cases have mitochondrial
disease [3] and several are found to have basic metabolic
abnormalities like vitamin B12 deficiency [4] and thyroid
disorders [5].
Lysosomal storage disorders (LSDs) are the heritable
group of nearly 40 heterogeneous disorders occurring
due to genetic defect in one or more specific lysosomal
enzymes, activator protein or membrane protein resulting
in deficient enzyme activity [6-8]. There is very little
information available regarding the role of LSDs in
INDIAN PEDIATRICS

were confirmed to have enzyme deficiency for various
mucoplysaccharide disorders. While 3/90 children with positive
I-cell screening had confirmed mucolipidosis-II/III disease.
Among all, glycolipid storage disorders were the most common
(50.2%) followed by mucopolysaccharidosis (MPS) (21.7%) and
sulphatide degradation defect (17.5%). Neuronal ceroid
lipofucinosis-1 & 2 (7.4%), mucolipidosis-II/III (1%), Sialic acid
storage disorder (1%), Niemann-Pick disease type-C (1%) and
Fucosidosis (0.3%) were observed with less frequency. Most
common phenotypes in all subjects were cherry red spot (18.5%),
hepatosplenomegaly (17.9%), coarse facies (15%), seizures
(13.1%) and skeletal abnormalities (12.14%).
Conclusions: Lysosomal storage disorders are considered to be
one of the common causes in children with regression in learned
skill, dysmorphic features and cherry red spot. Among these,
glycolipid storage disorders are the most common, followed by
mucopolysaccharidosis.
Keywords: Developmental delay, Glycolipid storage disorders,
Metabolic disorders, Mucopolysaccharidosis (MPS).

neuroregression, except for few studies demonstrating
neurological deterioration as the most commonly
occurring pathophysiology of lysosomal storage
disorders in around one-third of the cases [9,10].
Accompanying Editorial: Pages 1025-26

Though, individually these disorders are rare
(incidence 1:1,00,000), collectively they occur with the
frequency of approximately 1:7000-8000 live births [1114]. Availability of prenatal diagnostic facilities [15,16],
newborn screening [12,17] and the possibilities of early
therapeutic approaches [18,19] has increased awareness
among medical fraternity for different LSDs [20-23].
Therefore, we studied the frequency of various LSDs as
the cause of neuroregression in children from India.
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METHODS
This work presents the data on 432 children aged 3
months to 18 years referred to our institute between
February 1997 and May 2014, and selected from the
cohort of 1453 patients referred for various LSDs. Many
of these children were also included in our previous
report on burden of LSDs in India [23]. They presented
with regression in learned skill with/without cherry-red
spot, hepatomegaly/ hepatosplenomegaly, coarse facies,
seizures, skeletal abnormality, visual impairment and
spasticity. Patients with neuroimaging findings such as
leukodystrophy, cerebral and/or cerebellar atrophy,
white and gray matter involvement were also included in
the study. After obtaining an Institutional ethics
committee approval, an informed written consent was
obtained from the parents or the guardian while enrolling
for the previous study.
10-15 mL of random and/or morning void urine
samples were collected for screening, and confirmatory
enzymes study was carried on 6 mL peripheral blood
collected in sodium heparin and/or EDTA vaccutainers.
A screening algorithm was used for plasma
chitotriosidase (ChT) [21] in 135 cases with
hepatomegaly or hepatosplenomegaly and neuro-

regression. Urine glycosaminoglycans (GAG) screening
[24] and mucolipidosis-II/III (ML-II/III) [22] were
carried out in cases with coarse facial features and
neuroregression (Fig. 1). Confirmatory enzymes studies
were carried out from leucocytes and/or plasma using
synthetic fluorogenic 4-methylumbelliferrone (4-MU)
or p-nitrocatechol sulphate (PNCS) substrates and
enzyme activity was expressed as nmol/hr/mg of protein,
and for β-Galactocerebrosidase as nmol/17hr/mg
protein [25]. The enzyme activity was carried out from
plasma in case of Sanfillippo type-B (MPS-IIIB) and
ML-II/III, and was expressed in term of nmol/hr/ml
plasma [22,25]. For Niemann-Pick disease-C (NPD-C),
skin fibroblasts were cultured in lipid-deficient medium
followed by fillipin stain to confirm the presence of
punctate granules [26,27].
RESULTS
Out of 432 cases with the aforementioned clinical signs
and symptoms, 123 (28.5%) were found to be normal for
lysosomal enzyme activity and the rest were found to be
affected with different LSDs (Web Table I).
Consanguinity among parents was seen in 98 (22.7%)
cases. The age of presentation for diagnosis of storage
disorder was 7 months to 7 years whereas late juvenile

Collection of 6-8 mL blood in
EDTA/Heparin and 10-15 mL urine
↓
Screening for LSDs
↓
Plasma Chitotriosidase

↓
MPS screen by Azure A test

ML-II/III screening

↓
If markedly elevated
β-Glucosidase (Gaucher)
Sphingomyelinase (NPD-A/B)
β-Galactocerebrosidase (Krabbe)
Filipin stain (NPD-C)
β-Galactosidase (GM1)

↓
If screen positive
β-Hexosaminidase-Total
β-Glucuronidase
Aryl sulfatase-A
α-Fucosidase
α-Mannosidase

If normal or moderately elevated
β-Hexosaminidase-A & Total (GM2) ←
↓
α-Galactosidase (Fabry)
α-Glucosidase (Pompe)
CS/DS/HS
Aryl sulfatase-A (MLD)
α-Iduronidase (MPS-I)
Acid lipase (Wolman)
α-Idu-Sulfatse (MPS-II)
PPT & TPP-1 (NCL1 & NCL2)
Aryl sulfatase-B (MPS-VI)
α-Mannosidase (Manosidosis)
β-Glucuronidase (MPS-VII)
α-Fucosidase (Fucosidosis)

↓
GAG quantitative study
↓
GAG quantitative study

↓

↓
CS/HS
Heparan Sulphamidase
(MPS-IIIA)
n-Ac-a-glucosaminidase
(MPS-IIIB)

↓

KS/CS
β-Galactosidase-6-SSulfatase (MPS-IVA)
β-Galactosidase
(MPS-IVB)

FIG. 1 Screening approach for various lysosomal storage disorders.
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TABLE I CLINICAL FEATURES OF CHILDREN WITH LYSOSOMAL
STORAGE DISORDERS WITH NEUROREGRESSION (N=309)
Clinical Phenotype

No. (%)(N=309)

Cherry red spot

58 (18.8)

Hepatosplenomegaly

56 (18.1)

Coarse features

47 (15.2)

Seizures

41 (13.3)

Skeletal abnormality

38 (12.3%)

Cerebral and/or cerebellar atrophy

23 (7.4)

Psychosis

20 (6.5)

Leukodystrophy

17 (5.5)

Myoclonic jerks

13 (4.2)

Visual Impairment

13 (4.2)

Spasticity

9 (2.9)

White matter disease

8 (2.6)

Grey matter disease

1 (0.3)

The common clinical phenotype observed among
patients with neuroregression affected with various LSDs
were the presence of cherry red spot (18.5%),
hepatosplenomegaly (17.9%), and coarse facies (15%)
(Table I).
DISCUSSION

presentation was seen in two cases of Niemann-Pick
disease-B (NPD-B), and Krabbe disease and Fucosidosis
in one each. Adult onset presentation was also seen in
four cases of Sanfillipo type A/B (MPS-IIIA/B) and two
cases of Neuronal ceroid lipofucinosis type 2 (NCL2) and
Metachromatic leucodystrophy (MLD).
Plasma chitotriosidase (ChT) screening of 135 cases
revealed raised ChT (106.9-30,000 nmol/hr/mL of
plasma) in 82 (60.7%) children. Enzyme study from
leucocyte and/or plasma was carried out for various LSDs
and 78% (64/82) cases with raised ChT were found to
have Gaucher, Niemann Pick disease type A or B (NPDA/B), Krabbe, GM1 gangliosidosis and Sandhoff disease,
whereas 22% (12/53) with normal ChT were affected
with LSDs like Tay-Sachs, Neuronal ceroid lipofucinosis
type 1 and type 2 (NCL1 and NCL2), Metachromatic
leukodystrophy (MLD), NPD A/B and various
mucopolysaccharide (MPS) disorders. Urine screening
for glycoaminoglycans (GAG quantitative and
qualitative study) and plasma screening for ML-II/III was
carried out in 90 cases and 69 were screen positive for
urine GAG excretion suggesting presence of MPS
disorders with excretion of excess dermatan sulphate
(DS) and moderate heparan sulphate (HS) to mild
chondroitin sulphate (CS) in 40 (57.9%) and excess HS
with mild CS in 27 (39.1%) cases. Further confirmation
by enzyme study was carried out in all patients. Moderate
CS with mild HS in 2 (2.9%) patients were found to be
affected with ML-II/III and GM1 gangliosidosis one
each. In I-cell screen, 87 cases were found to be normal,
while 3 patients were screen-positive; enzyme activity in
plasma further confirmed ML-II/III in all 3 screenpositive patients (Web Table 1).
INDIAN PEDIATRICS

The most commonly diagnosed LSDs were in the
group of glycolipid storage disorders (50.16%) with
GM2 gangliosidosis (23%), GM1 gangliosidosis
(13.9%), Niemann Pick disease (12%) and Gaucher
disease (1.3%). (Web Table 1).

This is the largest data-set from India demonstrating
neuroregression in 29.9% of patients suspected with
storage disorders, 71.5% of which had different types of
LSDs, at a specialized genetics center. The high
occurrence of LSDs could be due to selection bias as all
referred cases were from the pediatric neurologists or
pediatrician or geneticist and it is highly likely that other
causes of neuroregression have been ruled out before
suspecting for storage disorders. Our study findings are
in concordance with the Northern Indian group
demonstrating presence of LSDs in 69.2% of children
having neuroregression with highest frequency of
mucopolysaccharidosis
followed
by
glycolipid
degradation defects [10]. In a UK-based study where
40.4% of children with progressive intellectual and
neurological deterioration (PIND) had LSDs with the
highest frequency (31%) of NCL1 and NCL2 [9],
relatively large numbers of PIND cases were due to high
rate of consanguinity [9]. This is in accordance with our
observation of 80% NCL (1 and 2) cases from the region
having 72% consanguinity.
The high proportion of glycolipid degradation defects
in this study, which is much higher than the previous study
from India [10], could be due to either the presence of
founder mutation for Tay-sachs disease in Gujarat [28] or
referral bias due to lack of investigative facility at other
places in the region. Mucopolysaccharidosis (MPS) was
found to be the second most common LSD with highest
frequency of Sanfillipo disease (MPS-IIIA and IIIB).
This is in contrast to the reports of high number of MPS-I
and -II in the literature [10,23] and is likely to be due to
overlapping phenotypic features and limited diagnostic
facility for these investigations in most of the centers in
the country. The third largest group of patients with
neuroregression were found with defects in sulphatide
degradation (17.5%) associated with MLD and Krabbe
disease. This is almost similar to what had been found by
our group in an earlier study [23], while Verma, et al. [10]
have shown the presence of MLD in nearly 22% of cases
with neuroregression.
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WHAT IS ALREADY KNOWN?

• Neuroregression is one of the common observations in children with lysosomal storage disorders.
WHAT THIS STUDY ADDS?
• Screening by using biomarkers like Plasma ChT, urine GAG and ML-II/III from plasma can provide the first line
diagnosis in children with suspected lysosomal storage disorders.

Major limitation of the present study is a referral bias
of children with neuroregression where previous workup
for the cause has been ruled out in the setting of lack of
wider availability of diagnostic facility at most of the
places in the country.
To conclude, screening method for storage disorders
like mucolipidosis type II/III, MPS disorders and
Gaucher/NPD-A/B have a high predictive value for the
confirmative diagnosis saving the unnecessary cost of
enzyme study. Additionally LSDs should be considered
to be one of the common causes of neuroregression in
children with regression in learned skill, dysmorphic
features and cherry red spot.
Contributors: JS: study design, standardization of technical
procedure, preparation of manuscript and guarantor; MM:
processing the sample, analysis of data and preparation of
manuscript; RB: analysis of data and preparation of the
manuscript; FS,HS,CD,MK: critical evaluation of manuscript
and patient management. All the authors read and approved the
manuscript.
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Aim. The aim of the study was to study the relation of vitiligo with demographic data like age, sex, and duration and determine the
prevalence of thyroid autoimmunity in vitiligo patients. Materials and Methods. This study was a cross sectional study consisting of
100 patients clinically diagnosed (old and new) as having vitiligo irrespective of age or sex. Patients with known thyroid disease on
supplementation therapy, or who had undergone thyroid surgery, those on antithyroid medication, patients with other causes of
leukoderma, and cases who do not provide informed consent were excluded from the study. Serum TSH and anti-TPO antibodies
were measured in all the patients. Results. The prevalence of anti-TPO antibody positivity was found to be 28%. Conclusion.
According to our study, none of our vitiligo patients had symptoms or signs of thyroid disease at the time of presentation but, on
biochemical evaluation, anti-TPO antibodies were found in a considerable number of patients. Hence, we recommend screening
of these patients with thyroid antibodies.

1. Introduction
Vitiligo is defined as a specific, common, often heritable,
and acquired dermatological disorder characterized by wellcircumscribed, milky-white cutaneous macules and patches
devoid of identifiable melanocytes [1]. Vitiligo affects 0.1–2%
of the world’s population. It usually begins in childhood or
adolescence, with peak onset at 10 to 30 years, but it may occur
at any age. Both sexes are equally affected [2]. Clinically it can
be broadly classified into three major clinical types, segmental, nonsegmental, and mixed (segmental and nonsegmental)
[3]. It is believed that vitiligo is a multifactorial polygenic disorder with a complex pathogenesis. Although several theories
(that include autoimmune, autocytotoxic, biochemical, neural, and genetic mechanisms) have been proposed to explain
the loss of epidermal melanocytes in vitiligo, the precise
cause remains unknown [2]. At present, the autoimmune
theory is most plausible [4]. Over the years there have been
various reports of associations between vitiligo and other
autoimmune diseases notably thyroid disease and antithyroid

antibodies [5–7]. These autoimmune thyroid diseases are
characterized by elevated serum antibodies directed against
thyroid-specific antigens like thyroid peroxidase (TPO) and
thyroglobulin (Tg). A mean prevalence of 20.8% has been
reported in patients with vitiligo for thyroid-specific autoantibodies [8]. In India, a prevalence of 31.4% has been reported
for the same [9]. On reviewing the literature we could not
find many similar studies in this part of India; hence we
were prompted to undertake this study with the objectives
mentioned in the following section. Therefore, we undertook
this study to look into the characteristics of vitiligo patients
with thyroid autoimmunity as indicated by their anti-thyroid
peroxidase antibody (anti-TPO Ab) titres.

2. Objectives
The study was undertaken with the following objectives:
(1) to describe the clinicodemographic profiles of the
study participants with vitiligo;
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(2) to evaluate the prevalence of thyroid autoimmunity
(measured by anti-TPO Ab titres) in the study participants with vitiligo;
(3) to compare the clinicodemographic profiles of the
study participants according to their thyroid autoimmunity status.

3. Material and Methods
3.1. Study Design. A cross-sectional study design is suited
for estimating prevalence of disease and traits. It can be
used to describe participants’ attributes as well. To compare
individuals with the disease/trait and those without, we
adopted this analytical cross-sectional design for this study.
3.2. Study Site. The study was conducted in the Dermatology
Out-Patient Department of a tertiary care hospital in Karnataka.
3.3. Study Duration. The study synopsis was submitted to the
Institutional Review Committee in 2011 following which data
collection was undertaken in 2012.
3.4. Ethics Clearance. The Institutional Ethics Committee on
Human Subjects Research, 2011-12, granted approval, subsequent to which data collection for the study was initiated.
3.5. Sampling Frame. Patients attending the Dermatology
OPD of the tertiary care hospital in Karnataka (anonymized
study site) between January and December 2012, who were
clinically diagnosed (old and new) as having vitiligo and
willing to provide written informed consent, were decided to
be considered for inclusion in the study (inclusion criteria).
3.6. Selection Criteria. Patients with known thyroid disease,
or on thyroid supplementation therapy or antithyroid medication, those who had undergone thyroid surgery, patients
with other causes of leukoderma, and those who did not
provide informed consent were excluded from the study. The
inclusion criteria have been mentioned above.
3.7. Sample Size. Considering the formula, 𝑁 = (𝑧2 × 𝑝 ×
𝑞)𝑑2 = 4𝑝𝑞/𝑑2 , where 𝑝 (prevalence) = 31.4% [9]; 𝑞 (100 −
𝑝) = 100 − 31.4 = 68.6%; 𝑑 (absolute error) = 10%; 𝑧 (95%
confidence level) = 1.96, that is, ∼2.
Consider 𝑁 = 4 × 31.4 × 68.6/(10 × 10) = 86.16, that is,
∼87 (rounded to the next higher integer).
We included additional 13 (∼15%) participants to avoid
data insufficiency due to a higher sample size requirement in
the event of a lower prevalence reported from this study or
any inadvertent data loss during the study conduct. Thus, the
total sample size for the study was 100.
3.8. Sampling Techniques. Consecutive patients satisfying the
selection criteria were included in study till the requisite
sample size was met.
3.9. Data Collection. A structured proforma was designed
to collect information from the study participants. This

proforma was pretested in the Dermatology OPD (where the
study was later conducted) and finalised. Detailed medical
history taking and physical examination were undertaken by
the primary researcher under guidance of the mentor to make
a clinical diagnosis of vitiligo, and the same were documented
in the proforma. Venous blood was collected from the
subjects and transported to the hospital’s central laboratory
where it was processed to assess serum thyroid stimulating hormone (TSH) and anti-thyroid peroxidase antibodies (anti-TPO Ab) levels. Serum TSH was quantitatively
measured by quantitative chemiluminescent immunoassay
using a commercially available kit on ADVIA Centaur XP
(Siemens). A diagnosis of “hypothyroidism” was made when
the thyroid function test showed raised serum TSH levels,
and “hyperthyroidism” was diagnosed if depressed levels of
TSH were detected (normal range of serum TSH being 0.49–
4.67 𝜇IU/mL). Anti-TPO Ab was assayed by quantitative
chemiluminescent immunoassay on ADVIA Immulite 1000
(Siemens). The serum was considered “positive” for thyroid
autoimmunity if the concentration was greater than 35 IU/mL
(normal range: 0.00–35 IU/mL was labelled “negative”). The
cut-offs were decided as per the mandate of the central
laboratory which has been finalized by the concerned medical
specialities.
3.10. Data Management (Extraction, Cleaning, and Analysis).
Data from the proforma was extracted and entered into
Microsoft Office 2013 Excel spreadsheet. Range and dimensions of the study variables and data were checked during data
cleaning. Detailed profiling (descriptive and comparative)
of the study participants vis à vis their anti-TPO antibody
status was done using SPSS version 16.0. As per indication,
nonparametric tests (Mann Whitney 𝑈 test, Chi-squared
test, and Fisher’s exact probability test) were applied to test
statistical significance at 𝑃 < 0.05.
3.11. Representation of Data. Data was represented in contingency tables in the form of absolute numbers and proportions. Results from tests for significance were enumerated in
the tables and graphs, wherever applicable.

4. Results
A total of 100 patients with vitiligo who satisfied the selection
criteria were included in the study. The demographic characteristics of the study participants are described in Table 1.
The age of the participants ranged from 2 to 62 years.
The mean age of males was 33.88 + 15.86 years (median =
35 years) while that of females was 26.44 ± 13.70 years
(median = 24 years). The mean ± standard deviations for the
serum concentrations of TSH and anti-TPO Ab were 5.09 +
21.87 IU and 75.41 + 206.77 IU, respectively. The correlation
between the two (Spearman’s rho = 0.052) was not statistically
significant (𝑃 = 0.609). Only two (7.1%) of the anti-TPO
Ab positive participants and one (1.4%) of the negative
participants had hyperthyroidism. Similarly, only five (17.9%)
in the former and eight (11.1%) in the latter were hypothyroid.
No significant association was found between the anti-TPO
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Table 1: Sample characteristics of study participants.

Sl. number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

Characteristic variable
Number of male, female participants
Age# (years)
Reported age at onset of vitiligo# (years)
Duration since first lesion of vitiligo# (years)
Positive history of vitiligo in family (%)
Positive history of precipitating factors (%)
Stable vitiligo [Vitiligo Disease Activity (VIDA) Score ≤ 0]
Type of vitiligo (segmental; nonsegmental) (%)
Vitiligo Assessment Severity Index (VASI) <1.00 (%)
Variants of vitiligo (quadrichrome and trichrome) (%)
Koebner’s phenomenon present (%)
Leukotrichia present (%)
Associated dermatological disorders (%)
Associated systemic disorder (%)
Associated nonthyroid autoimmune disorder (%)

Total (𝑁 = 100)
41, 59
29.49 ± 15.00; 28.00
24.80 ± 15.66; 21.25
4.64 ± 6.05; 2.00
13.00
8.00
15
4.00; 96.00
22.00
12.00
05.00
14.00
5.00
4.00$
2.00@

#

Mean ± standard deviation; median; $ all reported diabetes mellitus; one reported coexistent bronchial asthma; @ one participant reported alopecia areata and
duodenitis/gastritis with pernicious anaemia.

Table 2: Sample characteristics of study participants according to anti-TPO Ab status.

Sl. number

Characteristic variable

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Number of participants
Number of male, female participants
Age#
Reported age at onset of vitiligo∗
Duration since first lesion of vitiligo∗
Positive history of vitiligo in family (%)
Positive history of precipitating factors (%)
Stable vitiligo [VIDA Score ≤ 0]
Vitiligo type (segmental) (%)
VASI <1.00 (%)
Vitiligo variants (quadrichrome and trichrome) (%)
Koebner’s phenomenon present (%)
Leukotrichia present (%)
Associated dermatological disorders (%)
Associated systemic disorder (%)
Associated nonthyroid autoimmune disorder (%)
Serum TSH titres (𝜇IU/mL)
Euthyroid (%)

#

Anti-TPO Ab status
Positive
Negative
(>35 IU/mL)
(<35 IU/mL)
28
72
8, 20
33, 39
34.50 ± 13.99
27.54 ± 15.02
24.59 ± 15.46
24.88 ± 15.83
5.19 ± 6.63
4.42 ± 5.85
10.71
13.89
17.86
4.17
3.57
19.44
3.57
4.17
32.14
18.06
17.86
9.72
10.71
2.78
14.29
13.89
7.14
04.17
0
5.56
7.14
0
11.31 ± 41.03
2.67 ± 2.27
75.00
87.50

𝑃 value
—
0.115
0.037∗
0.982
0.700
1.000
0.037∗
0.222
1.000
0.376
0.308
0.132
1.000
0.617
0.574
0.076
0.514
0.139

Mean ± standard deviation; median in years.
Statistically significant (𝑃 < 0.05).

∗

antibody status and the thyroid function status (euthyroid
versus thyroid dysfunction) of the study participants (𝑃 =
0.126).
The prevalence of thyroid autoimmunity (defined as
serum anti-TPO Ab titre >35 IU/mL) was found to be 28.0
(19.2–36.8)%.
The comparative characteristics of the anti-TPO Ab positive and negative participants are given in Table 2.

A significant difference was observed between the mean
age of participants with anti-TPO Ab positivity and those
with negative status, the former being more than the latter.
A history of vitiligo precipitating “trigger” was elicited more
commonly with those with anti-TPO Ab as compared to
those with anti-TPO Ab negative (𝑃 = 0.037). Physical
trauma was the most common trigger of vitiligo in the antiTPO Ab positive participants. Autoimmune disease history
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was found in two of the 28 patients who tested positive for
anti-TPO Ab. One had duodenitis/gastritis with pernicious
anaemia and the other alopecia areata. None of anti-TPO
Ab negative participants provided a positive history for
autoimmune diseases. No significant association could be
elicited for history of autoimmune diseases with anti-TPO Ab
status (𝑃 = 0.076). A total of three patients with anti-TPO
antibody positivity had a family of autoimmune diseases (one
thyroid and two diabetes mellitus).

5. Discussion
5.1. Clinicodemographic Profile of Study
Participants with Vitiligo
5.1.1. Age and Sex of the Participants. In our study, female
participants formed the majority (59%) and presented at an
earlier age as compared to the males. Earlier studies have
suggested that vitiligo being an autoimmune disease could be
more common in females [5, 16–18]. Moreover, since vitiligo
causes cosmetic aberrations, it could be generating higher
concern among females, leading to an increased and earlier
attendance of females in the Dermatology OPD.
5.1.2. Reported Age at Onset and Duration of Vitiligo. The
mean participant reported age at onset in our study was
24.80 ± 0.16 years (median: 21.25 years; range: 1.67–63 years).
Other investigators have also reported that majority of vitiligo
cases have an onset in and around 2nd and 3rd decade of
life [17–20]. However, a study in India reported a later onset
of the disease, with a mean age of 55 years [21]. These data
reinforce that vitiligo is a disease that can occur at any age. In
our study, females manifested vitiligo around 10 years earlier
than males (𝑃 = 0.004). This trend was opposite to that noted
by Majumder et al. [19] who reported that males had a sevenyear early onset of vitiligo than females. Other researchers
have found no significant difference in age at onset between
the two genders [22, 23].
The mean duration of vitiligo in our study participants
was 4.64±6.05 (median = 2) years (no male-female difference)
which is close to the finding of another Indian study (3.7
years) [9].
5.1.3. Family History of Vitiligo. A positive family history of
vitiligo was found in 13% of the participants which is similar
to the findings by Hann et al. and lower than others [11, 17,
19, 24]. A lower familial aggregation in our study could be
possible because it was reported by participants’ recall.
5.1.4. History of Precipitating Factors. We probed to find out
if the participants could recollect any particular factor that
precipitated vitiligo in them for the first time. In our study
while majority (92%) of them did not relate to the incidence
of vitiligo lesions with any precipitating factor, we found
history of emotional stress in two percent of participants;
three percent reported that the vitiligo lesions in them
manifested at sites of trauma. While one percent attributed
vitiligo precipitation to physical stress, another reported sun
exposure as the triggering factor for vitiligo lesions. One of
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the females recollected the first appearance of vitiligo during
pregnancy.
5.1.5. Disease Activity [25]. A low VIDA score (six-point
scale) indicates less activity. Majority of the participants
reported relatively low disease activity. We could not find
relevant literature that has looked into VIDA scores in vitiligo
patients in a contextually relevant setting.
5.1.6. Types of Vitiligo. In our study, segmental vitiligo was
found in only 4% of the cases. The reported prevalence in the
literature of segmental vitiligo ranges from 3.5% to 20.5% of
all patients with vitiligo [26]. Among nonsegmental vitiligo,
vitiligo vulgaris was the commonest (71%) type of vitiligo
in our study. Other investigators have also found vitiligo
vulgaris to be the commonest type of vitiligo [11, 24, 27].
5.1.7. Site of Onset and Current Site of Involvement of Vitiligo.
Evidence suggests that the primary site of involvement in
vitiligo is sun-exposed areas [21, 27, 28]. A study from
Kuwait [29] noted that majority of their patients reported
depigmentation in lower limbs followed by upper limbs, head
and neck, trunk, and mucosae in decreasing order. In our
study also majority of the subjects, that is, 34%, had lower
limbs as the site of onset followed by head and neck, trunk
(22% each), upper limbs (20%), and genitals (2%). The most
common site of current involvement in our study population
was lower limb (75%) followed by upper limb (52%), head and
neck (42%), trunk (42%), mucosa (17%), and genitals (9%).
5.1.8. Vitiligo Area Severity Index (VASI) [25]. Most of our
participants (60%) reported VASI between the ranges of
1.00 and 4.99. This should be the usual presentation of
vitiligo cases at the dermatology OPD. It could indicate that
patients with a score of “<1” usually do not seek health care.
Simultaneously, a higher VASI could reflect negligence for
the lesions or rapid progression. We could not find other
studies which have assessed VASI on vitiligo patients but the
prevalence of body surface area involved (calculated by rule
of nines) was seen to vary from 5 to 50% in various studies
[14, 28].
5.2. Prevalence of Thyroid Autoimmunity in the Study Sample.
The upper limit for anti-TPO Ab was as per the hospital
laboratory reference range. We defined an anti-TPO antibody serum titre of ≥35 IU/mL as “anti-TPO Ab positive”
and evaluated the same in these 100 participants. This was
used as a proxy indicator for thyroid autoimmunity in the
study participants. Twenty-eight of the 100 participants had
a positive titre. Thus, the sample prevalence of anti-TPO
antibody positivity (thyroid autoimmunity) was estimated
at 28% (95% CI for population prevalence: 19.2–36.8%).
Previous researchers have reported prevalence of anti-TPO
antibody positivity in vitiligo patients from around 11% to as
much as 50% (Table 3).
The estimated prevalence in our study lies within the
reported range in the available literature. However, we
should bear in mind that demographic characteristics and
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Table 3: Comparison of thyroid autoantibody profile in various studies.

Sl. number
1
2
3
4
5
6
7
8
9

Studies
Cunliffe et al. (1968) [5]
Betterle et al. (1985) [10]
Schallreuter et al. (1994) [11]
Hegedus et al. (1994) [12]
Mandry et al. (1996) [13]
Dave et al. (2003) [9]
Daneshpazhooh et al. (2006) [14]
Altaf et al. (2010) [15]
Our study in discussion (2013)

health profile of the participants in studies discussed play
determining roles in the prevalence estimates. Care seeking
behaviour of the OPD attendees and willingness to participate in the study also affect the estimation of prevalence.
Moreover, hospital recruited samples may not be true representatives of the general population and could underestimate
disease prevalence if the care seeking behaviour is poor.
Nevertheless, with our study site being a popular health care
setup in the region, we believe that the sampled participants
could provide an approximate population estimate of the
catchment area for diseases like vitiligo where the patient
usually seeks medical advice. However, this again could be an
underestimation in the presence of other healthcare providers
in the region.
5.3. Clinicodemographic Profiles of the Study Participants
according to Their Thyroid Autoimmunity Status
5.3.1. Age and Sex Distribution of Participants. The mean
age of the anti-TPO antibody positive participants was 34.5
years as compared to 27.5 years in the antibody negative
participants (𝑃 = 0.037). Participants in the anti-TPO Ab
positive group were mostly in their third decade and beyond
while those found negative were mostly in the second decade
of life and their representation consistently decreased in
the subsequent decadal age bands. Both Mandry et al. and
Nunes have reported that patients with autoantibodies tend
to have a higher mean age when compared to patients without
autoantibodies which is in accordance to our findings [13, 28].
In the currently discussed study, the proportion of
females in the anti-TPO Ab positive group was higher (71.4%)
than in the anti-TPO Ab negative group (54.2%), with the
female : male ratio in the two groups being 5 : 2 and ∼5 : 4,
respectively. However, sex predilection for females in either
group was not statistically significant (𝑃 = 0.115). Both Altaf
et al. and Nunes observed a significantly higher incidence
of thyroid dysfunction as well as anti-TPO Ab positivity in
females in their respective studies [15, 28]. Daneshpazhooh
et al. reinforced this finding as they noted anti-TPO Ab to be
significantly more common in female patients especially in
young women in the age range of 18 to 35 years, compared
with control group [14].
5.3.2. Reported Age at Onset of Vitiligo in Participants and Its
Correlation with Their Gender. We did not find a statistically

Reported prevalence (%) of anti-TPO Ab in vitiligo patients
11.6
18.4
10.7
25.2
50.0
17.1
18.1
11.0
28.0 (19.2–36.8)

significant difference in the reported mean age at onset of
vitiligo according to anti-TPO Ab status. Earlier investigators
have reported that patients with autoantibodies have a later
onset of disease when compared to patients without autoantibodies [13, 28]. However recently, Altaf et al. found that a
significant number (86%) of patients with anti-TPO antibody
positivity had early onset vitiligo [15]. Dave and colleagues
also found earlier age at onset to be associated with thyroid
abnormality but without statistical significance [9].
5.3.3. Duration of Vitiligo. Betterle showed a significant
relationship between anti-TPO Ab with long lasting vitiligo
in their patients [10]. In our study, “positive” participants
did report a longer duration of vitiligo but did not differ
significantly from the “negative” ones.
5.3.4. Family History of Vitiligo in Participants. History of
vitiligo in the family was reported by 10.7% of our anti-TPO
positive patients while it was 13.9% in anti-TPO negative
patients. We enquired if history of vitiligo in the family was
more commonly elicited in either of the two participant
groups but found no such association. Family history of
vitiligo was seen in 5% of the cases with thyroid abnormality
in the study by Dave et al. [9].
5.3.5. History of Precipitating (Trigger) Factors. Emotional
stress has been mentioned as a triggering factor for vitiligo
by researchers, but these data are still limited and there
is no established evidence in the literature [30]. In some
studies, history of a precipitating factor (physical injury being
most common that is Koebner’s phenomenon followed by
emotional stress, sunburn, systemic illness, pregnancy, and
parturition) has been shown to be present in 10–76% of cases,
but the high and sometimes concomitant occurrence of these
factors as such makes it difficult to assess the exact role played
by them in precipitating vitiligo [31]. Certainly, evidence
looking into association of history of trigger precipitated
vitiligo with thyroid autoimmunity is lacking. In our study, a
statistically significant history of coincident triggering factor
with vitiligo was elicited commonly in those with positive
anti-TPO Ab status as compared to those with anti-TPO
Ab negative status. A suitable reason for the association of
trigger factors being commoner in those participants with
anti-TPO Ab positivity than those without could not be
ascertained and probably a larger study over a longer duration
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of time measuring association of thyroid autoimmunity with
individual precipitating factors in vitiligo would be able to
determine roles played by trigger factors in vitiligo and
associated thyroid autoimmunity in vitiligo patients. In the
lack of robust evidence, fictitious differences attributable to
recall bias cannot be ruled out. Moreover, our study did not
formalize definitions for “triggers” and probing undertaken
by the researcher on each participant was not standardized
and was guided by clinical acumen.
5.3.6. Disease Activity in the Participants. A low VIDA score
indicates less activity. In our study, (19.4%) of the anti-TPO
Ab negative participants had a VIDA score of “0” or “−1” as
compared to only 3.6% of those found positive. All but one
(96.4%) of the anti-TPO Ab positive participants reported
disease activity with a VIDA score “≥1” indicating that
anti-TPO Ab positivity could be associated with progressive
vitiligo disease activity. This could also suggest that majority
of our cases could be of type A or autoimmune vitiligo which
is known to progress continuously with alternate periods of
remissions and exacerbations [32].
5.3.7. Type of Vitiligo and Clinical Variants. Vitiligo vulgaris
was the commonest type of vitiligo in our study irrespective
of anti-TPO Ab status. In an Indian study by Dave and
colleagues, mucosal vitiligo was found to be significantly
associated with thyroid autoimmunity but in our study no
significant difference was found in the representation of segmental and nonsegmental vitiligo in the two groups [9]. None
of the 50 patients with segmental vitiligo showed any thyroid
dysfunction (𝑃 = 0.047) in the study by Cho et al. [33].
5.3.8. Site of Onset of Vitiligo. With regard to the site of
onset, while an equal number of participants in the antiTPO Ab positive group reported an onset of vitiligo in head
and neck, trunk, upper limb, and lower limb (25% each),
none reported genitals as a site of onset. In the anti-TPO Ab
negative group, majority had onset of vitiligo in the lower
limb (37.5%) followed by head and neck and trunk regions
(20.8% each). We did not find significant association of site
of onset with anti-TPO Ab status which is in accordance with
other studies that have evaluated the same [32].
5.3.9. Vitiligo Area Severity Index (VASI) [25]. The mean
VASI percentage in the anti-TPO positive group was 2.40%
and anti-TPO negative was 3.12% but it did not have a
significant difference (𝑃 = 0.376). We could not find other
studies which have compared VASI with anti-TPO Ab, but a
significant association of greater body surface area involved
(calculated by rule of nines) with positive thyroid antibodies
was reported by Nunes and Esser [28].
5.3.10. Clinical Variants. While nearly 10% of the participants
with anti-TPO Ab positivity had the trichrome variant of
vitiligo, the proportion was just 4.2% for their anti-TPO Ab
negative counterparts. Similarly around 7% of the participants with anti-TPO Ab positivity had the quadrichrome
variant of vitiligo; the proportion was 5.2% for their anti-TPO
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Ab negative counterparts. Majority (82.1% and 90.3% participants in these respective groups) could not be identified with
any particular variant.
5.3.11. Clinical Characteristics of Vitiligo Lesion. Even as we
obtained a 𝑃 value of 0.132, we note that koebnerization was
more frequently reported in anti-TPO Ab positive participants (10.7%) as compared to the anti-TPO Ab negative ones
(2.8%). Leukotrichia was equally frequent in both groups
(around 86% in both). Halo nevus was present in only one
patient who was anti-TPO Ab negative. Ezzedine et al. noted
the presence of halo naevi, circulating antithyroid antibodies
and leukotrichia more often in patients with mixed vitiligo
(65.4%, 23.1%, and 92.0%, resp.) than those with segmental
vitiligo (12.0%, 5.9%, and 36.0%, resp.). Thus, they inferred
halo naevi association and leukotrichia at first consultation
in segmental vitiligo as risk factors for the progression of
segmental vitiligo to mixed vitiligo [34].
5.3.12. Association of Anti-TPO Ab with Thyroid Function
Status. The serum TSH levels in either group showed a
skewed distribution with no significant difference (𝑃 =
0.514). However, the mean TSH level was almost five times
higher in anti-TPO Ab positive participants than the antiTPO Ab negative subjects. We explored if serum TSH levels
had a correlation with the anti-TPO Ab antibody titre. A
correlation coefficient of 0.052 disproved this and highlighted
that these are probably mutually unrelated (𝑃 = 0.609).
Previously Imam et al. have noted a positive significant
correlation between serum anti-TPO A band serum TSH
[35]. In the present study, most of the participants in either
of the categories reported a euthyroid status. Only two (7.1%)
of the anti-TPO Ab positive participants and one (1.4%) of the
negative participants had hyperthyroidism. Similarly, only
five (17.9%) in the former and eight (11.1%) in the latter were
hypothyroid. We observed that no significant association was
present between the anti-TPO antibody status and the thyroid
function status (euthyroid versus thyroid dysfunction) of
the study participants (𝑃 = 0.126). An Indian study by
Dave and colleagues reported that biochemical abnormality
(predominantly hyperthyroidism) was found in 40% of the
cases as against 6.7% of the controls (𝑃 < 0.05) [9].
5.3.13. Association with Other Diseases. We did not find any
significant association of coexistent autoimmune, dermatological, or systemic diseases with anti-TPO Ab status of the
study participants.
Limitations. We have discussed the implicated study limitations under relevant subsections. One overriding limitation
of this study is the use of a sole marker (anti-TPO Ab) for
identifying thyroid autoimmunity in the participants. Both
antithyroglobulin and anti-TPO antibodies are valuable for
screening thyroid autoimmunity. Any comprehensive study
in this context should employ both tests. However, due to
resource constraints we had to make the tough decision of
choosing any of them. Upon the literature review we found
that antithyroperoxidase antibodies are a better screening
tool than antithyroglobulin antibodies. The former has better
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sensitivity and correlation with thyroid autoimmunity as
compared to the latter [36, 37]. Biochemical assays for this
study were undertaken in the institution’s central laboratory.
We have assumed that the laboratory results are consistent
and standardized. One of the strengths of this study was
that the researcher was blinded to the anti-TPO status of
the participant at the time of the data collection interview.
Known thyroid patients were excluded from the study for this
reason. This allowed for nonbiased collection of information
from the participants.

6. Conclusion
The prevalence of thyroid autoimmunity in vitiligo patients
(anti-TPO antibodies serum titre ≥35 IU/mL) at the study site
was found to be 28% (19.2–36.8%). We found a significant
relationship of anti-TPO Ab with a higher mean age of
the patients with majority being in their third decade and
beyond. Patients reporting coincident precipitating trigger
for vitiligo lesions were more likely to report positive for antiTPO Ab.
In their study, Mandry et al. noted that 14% of patients
with concomitant vitiligo and thyroid autoantibody positivity showed presence of overt autoimmune/endocrine disease implying the high incidence of latent disease which
would probably manifest only during follow-up [13]. This
is in conformity with findings of other studies that vitiligo
often precedes thyroid dysfunction. Hence, screening vitiligo
patients for thyroid autoimmunity so as to diagnose and
initiate treatment for any comorbidity with the anti-TPO
Ab titre seems to be relevant as this antibody is a sensitive
and specific marker of autoimmune thyroid disorders. This is
especially recommended in older patients, more so in female
patients, and those reporting a history of a precipitating factor
and or history of longer duration. Perhaps, studies on a larger
number of vitiligo patients with control group from general
population who can be followed up for a considerable time
would further strengthen these associations and also identify
other specific clinical parameters of vitiligo that could raise
suspicion for associated thyroid autoimmunity.
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Abstract Objectives: The study was carried out to investigate the safety of lacosamide on children
with refractory partial epilepsy. Materials & methods: The study was carried out at a tertiary care hospital after obtaining approval from the institutional ethics committee. Patients aged between 5 and
15 years taking oral lacosamide (LCM) tablets that were given orally as an adjunctive anti-epileptic
drug were enrolled for assessing safety, tolerability and its effect on the behavioural life at every visit
of titration, during the treatment period (3 months) and at 2 follow up visits that were done at monthly
intervals. Adverse events reported by caregiver or by investigator were recorded. Patients/caregivers
also completed a 25 items on Connor’s behavioural rating clinical scale at every visit. Results: Out of
531 screened patients, 79 patients with refractory partial epilepsy were enrolled after they fulﬁlled the
inclusion and exclusion criteria. Mean age of the children was 8.84 ± 3.09 years (5–15 years), of which
53 were males and 26 females. The mean age at onset of seizures in males was 6.46 ± 3.57 and in
females, 6.38 ± 3.39 years. Seventy-six children of 79, completed 3 months of treatment period
showed signiﬁcant (p < 0.001) decrease in the frequency of seizures, signiﬁcant improvement in
behaviour and showed good tolerability. Three (3.79%) patients dropped out of the study due to
hyperactive behaviour, vomiting and lack of seizure control respectively. Conclusions: Lacosamide
is a well-tolerated newer antiepileptic drug that is effective in refractory partial epilepsy paediatric
patients and concurrently improved patient’s behaviour.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University. This is an
open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction
Epilepsy is one of the most frequent neurological disorders
affecting 0.5–1% of the population worldwide. In epilepsy
there is an enduring predisposition of the brain to generate
seizures (Verrotti et al., 2012). Despite the introduction of multiple newer antiepileptic drugs (AEDs) over the past 20 years,
about 30% of patients with epilepsy become refractory to

http://dx.doi.org/10.1016/j.jsps.2015.01.006
1319-0164 ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of King Saud University.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Safety of lacosamide in children with refractory partial epilepsy
current treatments or experience signiﬁcant adverse events
(Kwan and Brodie, 2000; Diaz et al., 2002; Perucca, 2007).
Therefore, attempts to identify novel drug therapies that
reduce the seizure frequency and improves patient’s behavioural life are on. Lacosamide is one of the newer AEDs
which promises to be effective and has a better tolerability
proﬁle.
Based on experimental evidence it was suggested that lacosamide has a novel mechanism of action: increase of the slow
inactivation of the voltage-gated sodium channels (Errington
et al., 2006; Wang et al., 2010; Brandt et al., 2006; Verrotti
et al., 2013). A pharmacokinetic-pharmacodynamics (efﬁcacy)
analysis was performed based on the pooled data from the 3
efﬁcacy trials for partial-onset seizures. Lacosamide exposure
was correlated with the reduction in seizure frequency
(Verrotti et al., 2013). Lacosamide showed favourable
pharmacokinetics properties, has a low potential for drug–
drug interactions and is thus well suited for polytherapy and
probably for use in children (Beyreuther et al., 2007). Few
studies in adults proved that the proportion of patients with
at least a 50% reduction in seizure frequency (50% responder
rate) with lacosamide 400 and 600 mg/day were statistically
signiﬁcant (Ben-Menachem et al., 2007). Though it is not
approved for use in children, it may have an active role in
the management of paediatric epilepsy because focal seizures
are the most common seizure type in children (Berg and
Shinnar, 1999). From the past 3 years, 7 published studies have
reported similar efﬁcacy and safety of lacosamide as an
adjunctive treatment in infants, children and young adults with
refractory epilepsy (Highlights, 2014; Fattore and Perucca,
2011; Halasz et al., 2009; Chung, 2010; Gavatha et al., 2011;
Guilhoto et al., 2011; Heyman et al., 2012; Rastogi and Ng,
2012; Fernandez et al., 2012; Grosso et al., 2014; Kim et al.,
in press). There have been some reports of hyperactivity with
lacosamide in children. We wanted to study the safety of lacosamide in children with refractory partial epilepsy. It is a part
of our likely upcoming study on effect and tolerability of lacosamide in children with refractory partial epilepsy.
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use of 1–4 AEDs. One month before enrolment patients were
to have at least 2 seizures. Patients were excluded from the
study if they had an underlying metabolic and systemic disorder and if they were diagnosed with pseudo seizures and if they
had a progressive neurological disorder. Patients with history
of noncompliance and use of investigational drug within
1 month prior to the study were also excluded from the study.
Lacosamide was added to a stable regime of baseline AEDs
were administered orally in the form of tablets at a dose of
25 mg twice a day for one week followed by 50 mg twice a
day for the remaining period. During the study period,
patients were asked to report or call principal investigator
(PI) if they developed any complaint or reaction.
2.4. Study assessments

This, open-label study was conducted over a 30 month duration, after obtaining approval from Institutional Human
Ethics Committee.

Diagnosis of epileptic seizures and syndromes was based on
Classiﬁcation of Epileptic Seizures (Commission on
Classiﬁcation and Terminology of the International League
against Epilepsy, 2011) (Berg and Ingrid, 2011). After reviewing the semiology of seizures, electroencephalography (EEG)
and magnetic resonance imaging (MRI) ﬁndings.
At enrolment, after detailed physical examinations, serum
samples were drawn to assess transaminase (SGOT/SGPT)
levels and an ECG was recorded. Later patients entered into
a 3-month maintenance period and two follow up visits of
one month interval. Electrocardiogram (ECG) and transaminase levels were estimated at the end of 3 months of maintenance period. No change in the dose of lacosamide was
permitted during the maintenance period.
The efﬁcacy measures were analysed based on change in
seizure frequency per 28 days. Children experiencing P50%
or greater reduction in seizure frequency from baseline to
maintenance period and also patients who were seizure free
were noted.
The assessment of safety and tolerability was performed at
every visit and it consisted of collecting data on adverse events
reported by the patient or their caregiver or those observed by
the investigator. Patients who were unable to tolerate protocol
medication and those experiencing adverse effects were
allowed to discontinue treatment. In our study, we measured
tolerability based on global ﬁve point scale (A score of 5 was
given when there was decrease in side effects; a score of 4 when
there were no new side effects; score of 3 when there was one
new side effect; score of 2 when there were 2–3 side effects and
a score of 1, when there were >3 side effects.).
At the same time, parents or their patients were made to
complete 25 items of Connor’s CBRS clinical index scale. A
high score on an item indicates difﬁculty in that area of the
patient’s life. The total score can range from 10 indicating
good behaviour to 75 indicating low quality behavioural life.
Caretakers were provided with diary cards, which captured
the details of seizures per month, medications taken in the
morning and evening, from the beginning of titration period
till last evaluation.

2.3. Inclusion and exclusion criteria

2.5. Statistical analysis

Patients were enrolled based on inclusion criteria of age
between 5 and 15 years and those who have had at least
3 month duration of uncontrolled focal epilepsy even after

Tolerability and effect of lacosamide on the children’s behaviour outcome measured using SPSS 20.0 for Windows (IBM
Corporation, Armonk, NY, USA) were used for the statistical

2. Materials and methods
2.1. Patients
In this prospective study, out of 531 screened patients, 79
patients were enrolled after they fulﬁlled the inclusion and
exclusion criteria. Informed written consent was taken from
the parents and approval from the child obtained whereever
applicable.
2.2. Study design
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analysis. Continuous clinical variables were analysed
Wilcoxon signed rank test. The response to lacosamide
ment in improving children’s behaviour was analysed
repeated measure ANOVA. Statistical signiﬁcance was
p < 0.05.

using
treatusing
set at

3. Results
3.1. Demographics data and patient characteristics
Out of 531 screened patients, 79 patients were enrolled after
they fulﬁlled the inclusion and exclusion criteria. Seventy-six
(96.2%) patients completed 3 months of maintenance period.
Three patients discontinued due to adverse events. The disposition of patients is summarized in Table 1.
The clinical characteristics of 79 patients with refractory
partial epilepsy are presented in Table 2. In this study, 53
(69.7%) children were males and 23 (30.2%) were females with
a mean age of 8.84 ± 3.09 years (age range 5–15 years). Mean
age at seizure onset in males was 6.46 ± 3.57 years and in
female, 6.38 ± 3.39 years. Out of 76, 49 (62.02%) children
continued lacosamide even after the completion of treatment
period while 27 (35.5%) children stopped it after treatment
period.
Out of 79 enrolled patients, 3 patients were dropped from
the study. The behavioural life of the remaining 76 patients
was assessed using 25 item questionnaire that was ﬁlled by parents/care takers/attenders. Mean total score at baseline was
48.04 ± 10.57; after 3 months of maintenance period, mean
behavioural life was 19.27 ± 08.03 and subsequent follow up
visit was 19.05 ± 05.29 as shown in Fig. 1. Thus scores
improved signiﬁcantly with treatment (ANOVA test with
P < 0.001). Thus behavioural scores remained relatively
constant from baseline to treatment period to all subsequent
follow up visits.
3.2. Efﬁcacy
At the end of the study (EOS), 76 patients entered the maintenance period with a mean reduction in seizure frequency per
28 days from 13.35 ± 24.12 at baseline to 4.53 ± 13.23 at
the EOS (Wilcoxon signed ranked test p < 0.001). At the
end of the follow up period, mean reduction in seizure was
3.9 ± 11.81 as shown in Table 3.
3.3. Adverse effects
All enrolled patients were included in the safety analysis, which
included study of adverse events, laboratory test results and

Table 1

Patient disposition.

Study details

Value

No. of patients enrolled
No. of patients completed
No of patients completed 3 months of
treatment duration
No. of patients continued even after
treatment period
No. of patients discontinued the study

79
76 (96.2%)
46 (58.2%)
30 (37.9%)
03 (3.79%)

Table 2

Demographic data and patient characteristics.

Characteristics

Value

Age, year

8.84 ± 3.09

Sex, n (%)
Male (53)
Female (26)

8.93 ± 3.09
8.65 ± 3.31

Follow up duration on lacosamide
Continued
Discontinued after treatment period

49 (62.02%)
27 (35.5%)

Co-administered drugs along with lacosamide (LCM) n (%)
1
38 (48.1%)
2
35 (44.3%)
3
05 (6.3%)
4
00 (0.0%)
5
01 (1.35%)
Onset of seizure
Males
Females

6.46 ± 3.57
6.38 ± 3.39

Duration of seizure
<1 month
1 month–1 year 15 (19.0%)
1–2 year
>3

20
15
15
29

(25.3%)
(19.0%)
(19.0%)
(36.7%)

Co-administered drugs: VPA: valproic acid, CLB: clobazam, CBZ:
carbmazepine, OXC: oxcarbamazepine, LMT: lamotrigine, LEV:
levetiracetam, TPM: topiramate, PHT: phenytoin, ZNS: zonisamide, PB: phenobarbitone, CNZ: clonazepam, NPM: nitrazepam.

vital signs. Out of 79 patients, 40 (50.63%) experienced side
effects.
The common adverse events were hyperactivity, ataxia,
drowsiness, insomnia, weight gain, nausea, abdominal discomfort, giddiness, headache, and vomiting as shown in Fig. 2.
Most of the reported side effects were mild to moderate in
intensity and did not need discontinuation of treatment.
Overall results of clinical laboratory tests as well as periodic
physical examinations, neurological examinations and assessments of vital signs did not reveal any changes with lacosamide
treatment.
Lacosamide was withdrawn in three patients (3.79%).
Reasons for discontinuation were unsatisfactory seizure control (one patient) and adverse events during the titration and
treatment period (one patient with aggressive behaviour and
one with vomiting).
4. Discussion
This prospective, open label treatment study demonstrates that
adjunctive therapy with oral lacosamide in children with
uncontrolled epilepsy, not only reduces seizure frequency with
better tolerability proﬁle, there is improvement in children’s
behaviour and it causes fewer side effects. The study conﬁrms
the clinical efﬁcacy and tolerability of lacosamide in refractory
epilepsy in children and validates ﬁndings from previous
studies.
In a multicentre prospective study by Verrotti et al. that
compared lacosamide in paediatrics and adults, a total of
118 patients (59 group A, 59 group B) with uncontrolled
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Figure 1

Table 3

LCM study: connors comprehensive behaviour rating scale.

Diseases and drug characteristics.

Clinical ﬁndings
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Values
Males

Females

Seizure type
Temporal lobe epilepsy
Frontal lobe epilepsy
Occipital lobe epilepsy
Centrotemporal epilepsy
Multifocal
others

3 (5.8%)
13 (25.0%)
24 (44.2%)
01 (1.9%)
06 (11.5%)
06 (11.5%)

1
7
6
3
9
0

Aetiology classiﬁcation:
Idiopathic/genetic
Structural/metabolic
Cryptogenic/unknown

16 (30.8%)
32 (61.5%)
05 (9.6%)

03 (11.5%)
18 (69.1%)
05 (19.0%)

Retention of lacosamide (months)
66
7–12
13–18
19–24
>24
Discontinued after treatment period

02
20
14
08
05
30

(3.84%)
(26.6%)
(23.0%)
(11.5%)
(34.5%)
(0.0%)

(2.5%)
(25.3%)
(17.7%)
(10.1%)
(6.3%)
(38%)

Connors comprehensive behaviour rating scale
Baseline mean ± SD
48.04 ± 10.57
End of the study mean ± SD*
19.27 ± 08.03
Follow up*
19.05 ± 05.29
Seizure frequency per 28 days:
Mean ± SD baseline

13.3 ± 24.11

End of the study seizure frequency:
Mean ± SD
% Reduction (p < 0.001)#

4.53 ± 13.22
59.9 ± 99.9

#

p < 0.001, showed signiﬁcant difference using Wilcoxon signed
ranks test.
*
P < 0.001, showed signiﬁcant difference using ANOVA test.

generalized and focal epilepsy were enrolled. At 3-month evaluation, 118 treated patients and 56 subjects (47.4% group A;
47.4% group B; p = 0.8537) experienced at least 50% reduction in seizure frequency respectively (Verrotti et al., 2013).

In randomized controlled trials conducted in adults, lacosamide has been shown to be an effective and safe AED in treating refractory seizures, with 30–40% of patients achieving a
P50% reduction in seizure frequency at doses of 400–
600 mg/day (Fattore and Perucca, 2011; Halasz et al., 2009;
Chung, 2010; Berg and Ingrid, 2011; Chung et al., 2010).
In the last 3 years, 7 published studies have reported similar
efﬁcacy and safety of lacosamide in infants, children and
young adults with refractory epilepsy that had shown greater
reduction in seizure frequency and few children with seizure
free status (Gavatha et al., 2011; Guilhoto et al., 2011;
Heyman et al., 2012; Rastogi and Ng, 2012; Fernandez
et al., 2012; Grosso et al., 2014; Kim et al., in press).
Lacosamide has been reported to be a well-tolerated and
relatively safe drug (Buck and Goodkin, 2012). Mild adverse
reactions, such as dizziness, headache, diplopia, nausea and
somnolence, drowsiness, dizziness have been observed in paediatric case reports and case series (Guilhoto et al., 2011;
Heyman et al., 2012; Fernandez et al., 2012; Buck and
Goodkin, 2012). The most common adverse event observed
in our study (50.63%) was almost congruent with those
reported by Gavatha et al., 2011 Adverse effects seen with
lacosamide in adults are dose-related (Buck and Goodkin,
2012) and same was seen in paediatrics. Many of them are
reversible upon discontinuation or dose reduction.
The effect of lacosamide on behaviour in 76 patients was
measured using mean scores. The behavioural scores improved
signiﬁcantly with treatment (ANOVA test with P < 0.001)
using Conner’s Comprehensive Behavior Rating Scales
(Conners, 2007). The scores remained relatively constant from
baseline to treatment period to all subsequent follow up visits.
The possible reasons for a favourable effect of lacosamide on
behavioural scores could be attributed to improved adherence
of children to twice-daily dose of LCM leading to better seizure control and that in turn helped to sustain behavioural
improvements.
In our study population, lacosamide showed greater efﬁcacy and was well tolerated with no relationship between dose
and adverse effects development. Most adverse effects seen
with lacosamide in adults are dose-related and are reversible
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Figure 2

LCM study – adverse effect.

upon discontinuation or dose reduction (Grosso et al., 2014).
One of the literature stated that patient who received the highest lacosamide dose (20 mg/kg/day) did not experience any
adverse effects (Buck and Goodkin, 2012; Vishwanath and
Miller, 2012). Plasma drug levels were not determined in our
study. The literature suggests that adverse effects associated
with lacosamide therapy are generally mild-to-moderate in
severity.
Lacosamide was discontinued in one patient (1.26%)
because of severe hyperactivity, aggression and inattention
for one week after starting the drug. These symptoms persisted
for one month till the drug was continued and the behavioural
symptoms reverted back to normal status after the drug was
stopped (Ismail et al., 2014a,b). Two (2.53%) others withdrew
from study due to vomiting and instability in seizure control
respectively.
5. Conclusions
In conclusion, lacosamide is one of the newest additions to the
AED category and represents a possible option, currently
available for refractory partial epilepsy. To the best of our
knowledge, this is the ﬁrst prospective study in a large sample
of children (>55 subjects). Results from our prospective, open
label, hospital based study conﬁrm the usefulness of LCM for
adjuvant treatment in patients with refractory partial epilepsy.
Lacosamide showed favourable safety, tolerability proﬁle and
improved behavioural life scores with no increase in seizure
frequency. A few more multi-centre randomized controlled trials are required to validate our study results.
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Bedside Availability of Prepared Oxytocin and Rapid
Administration After Delivery to Prevent Postpartum
Hemorrhage: An Observational Study in Karnataka, India
Corrina Moucheraud,a Jonathon Gass,b Stuart Lipsitz,b,c Jonathan Spector,d Priya Agrawal,a,e
Lisa R Hirschhorn,b,f Atul Gawande,b,c Bhala Kodkanyg

Advance preparation and bedside availability of oxytocin before childbirth was significantly and robustly
associated with rapid administration of the utertonic, as recommended to prevent postpartum hemorrhage.

ABSTRACT
Postpartum hemorrhage is a leading cause of maternal death worldwide. Rapid provision of uterotonics after childbirth
is recommended to reduce the incidence and severity of postpartum hemorrhage. Data obtained through direct
observation of childbirth practices, collected in a study of the World Health Organization’s Safe Childbirth Checklist in
Karnataka, India, were used to measure if oxytocin prepared for administration and available at the bedside before
birth was associated with decreased time to administration after birth. This was an observational study of provider
behavior: data were obtained during a baseline assessment of health worker practices prior to introduction of the Safe
Childbirth Checklist, representing behavior in the absence of any intervention. Analysis was based on 330 vaginal
deliveries receiving oxytocin at any point postpartum. Oxytocin was prepared and available at bedside for
approximately 39% of deliveries. We found that advance preparation and bedside availability of oxytocin was
associated with increased likelihood of oxytocin administration within 1 minute after delivery (adjusted risk ratio = 4.89,
95% CI = 2.61, 9.16), as well as with decreased overall time to oxytocin administration after delivery (2.9 minutes
sooner in adjusted models, 95% CI = -5.0, -0.9). Efforts to reduce postpartum hemorrhage should include
recommendations and interventions to ensure advance preparation and bedside availability of oxytocin to facilitate
prompt administration of the medicine after birth.

INTRODUCTION

W

orldwide, greater than a quarter million maternal deaths occur each year,1 and postpartum
hemorrhage (PPH) is the leading direct cause.2
Incidence and severity of PPH can be reduced by active
management of the third stage of labor (AMTSL),
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which includes early provision of uterotonics such as
oxytocin.3-5
As a prophylactic intervention, it is essential
that oxytocin be administered as quickly as possible after
childbirth; current guidelines recommend administration
of a uterotonic as part of AMTSL,3 and the International
Confederation of Midwives (ICM) and International
Federation of Gynaecology and Obstetrics (FIGO) recommend oxytocin administration within 1 minute of
delivery.4 Unfortunately, many women globally do not
receive this recommended preventive intervention.6 In
addition, a multicountry study found that, even when
oxytocin is given, there are errors in its administration,
most commonly that administration is delayed beyond
the recommended 1-minute postpartum time frame.7
Multiple studies have quantified poor rates of
adherence to recommended AMTSL guidelines.6-11 In
addition, qualitative research has explored possible causes
of variation in use of AMTSL (including oxytocin
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administration), such as availability of supplies,
lack of and low confidence in skills, and challenges
in preparing and administering oxytocin rapidly
after labor.12-15 However, little is known about
factors associated with the timing of oxytocin use
after delivery. In this investigation, we analyzed
baseline observational data from a quality improvement study, of the Safe Childbirth Checklist (SCC)
program of the World Health Organization (WHO),
to explore whether preparing oxytocin injection
prior to delivery and making it available at bedside
was associated with increased likelihood of its rapid
postpartum use in a hospital in India.

METHODS
Study Design
The SCC, developed by WHO, the Harvard T.H.
Chan School of Public Health, and other partners, is
designed to ensure health care providers’ adherence
to 29 evidence-based essential birth practices in
facility-based peripartum care. A pre-post study of
the SCC in a sub-district hospital in Karnataka,
India, found that an SCC-based intervention
improved adherence to essential birth practices.16

Data Collection
Our analysis uses data from the baseline period of
this SCC study in Karnataka—prior to any
intervention—during the observation period
between delivery and 1-hour postpartum. Data
for the study were collected via direct observation
of health workers providing maternal and newborn care. Trained data collectors observed birthrelated events during the intrapartum period, at
pre-identified ‘‘pause points’’ between admission
and discharge. Of relevance to this analysis, data
collectors observed and recorded the timing of
childbirth and of oxytocin administration.

Data Analysis
We classified timing of oxytocin administration in
one of three ways:
1. Within 1 minute of delivery (per ICM/FIGO
recommendations)
2. Up to 2 minutes after delivery (broadened
definition of rapid administration)
3. As a continuous value of time (minutes)
between the birth event and postpartum
oxytocin injection
Oxytocin was considered ‘‘prepared and
available at the bedside’’ if it was drawn up into
Global Health: Science and Practice 2015 | Volume 3 | Number 2

a syringe and available at the bedside antepartum, at the start of pushing.
The sample for this analysis was restricted
to women with normal vaginal deliveries who
received oxytocin at any point postpartum. Multivariate models were adjusted for delivery time
(daytime [10:00-16:00] versus nighttime) and
maternal risk factors for hemorrhage (age, parity,
and long labor duration, defined as greater than
12 hours prior to admission for nulliparous women
and greater than 24 hours for all other women).
Univariate analyses were performed using
Rao-Scott chi-square tests.17 Generalized linear
regression models, with a binomial distribution
and a log link function, were used to examine
whether oxytocin was administered within the
recommended 1-minute time frame. For time to
oxytocin administration as a continuous outcome,
we used linear regression modeling.18 All models
included standard errors clustered by provider.
Analyses were conducted using Stata 12.1.
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Oxytocin should
be administered
as quickly as
possible after
childbirth to
prevent
postpartum
hemorrhage.

Ethical Review
Study protocols were approved by ethics committees at Jawaharlal Nehru Medical College in
Karnataka, WHO, the Harvard T.H. Chan School
of Public Health, and the Health Ministry’s Screening Committee, Indian Council of Medical Research.

RESULTS
Our analyses were based on 330 deliveries.
Oxytocin was prepared and available at bedside
for 38.8% of deliveries (Table 1). Use of oxytocin
within the recommended 1-minute time frame
was higher when prepared oxytocin was available
at bedside than when it was not prepared and
available (15.6% of observed deliveries vs. 3.0%,
respectively; Po .001). We found similar results
when extending the time frame of administration: oxytocin was given within 2 minutes of
delivery 43.8% of the time when it was prepared
and available at bedside, compared with only
16.3% of the time when it was not (Po .001). The
average time to oxytocin administration when
oxytocin was prepared and available at bedside
was 4.2 minutes—significantly shorter than the
average time of 7.5 minutes when oxytocin was
not prepared and at bedside (Po .001).
Regression models assessing the association
between bedside availability and rapid oxytocin
use suggest that deliveries in which oxytocin was
prepared and available at bedside were nearly
5 times more likely than deliveries in which

Oxytocin was
prepared in
advance and
available at
bedside for 39%
of deliveries.
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TABLE 1. Oxytocin Availability at Bedside and Time to Administration Among Vaginal Deliveries Receiving Postpartum
Oxytocin, Karntaka, India (N = 330)
Prepared and Available
at Bedside
No. (%)

Not Prepared and
Not Available at Bedside

P value

128 (38.8)

202 (61.2)

Received within 1 minute of delivery, No. (%)

20 (15.6)

6 (3.0)

o .001

Received within 2 minutes of delivery, No. (%)

56 (43.8)

33 (16.3)

o .001

Time to administration, mean (SD) [range], minutes

4.2 (4.6) [0–30]

7.5 (6.2) [0–30]

o .001

3 (25 [0–25])

5 (29 [1–30])

o .001

Time to administration, median (IQR [Q1-Q3]), minutes
Abbreviations: IQR, interquartile range; SD, standard deviation.

Advance
preparation and
bedside
availability of
oxytocin was
significantly
associated with
administration
within 1 minute
of delivery.

oxytocin was not available at bedside to have the
medication administered within 1 minute postpartum, after adjusting for time of day and
maternal risk factors for hemorrhage (adjusted
risk ratio [RR] = 4.89, 95% confidence interval
[CI] = 2.61, 9.16) (Table 2). When extending the
time frame of administration to 2 minutes after
childbirth, deliveries in which oxytocin had been
prepared and available at bedside were 2.61 times
more likely to have oxytocin administered than
when it was not ready at the bedside (in the
adjusted model, with covariates for time of day
and maternal risk factors for hemorrhage)
(95% CI = 1.26, 5.41). When time was examined
as a continuous variable, deliveries in which
oxytocin was prepared and available at bedside
had oxytocin administered, on average, about

3 minutes sooner than deliveries in which
oxytocin was not ready for administration at
bedside, after adjusting for time of delivery and
maternal hemorrhage risk factors (–2.9 minutes,
95% CI = –5.0, –0.9).

DISCUSSION
Advance preparation and bedside availability of
oxytocin was associated with a significantly
increased likelihood of its rapid use postpartum,
when considering the ICM/FIGO-recommended
1-minute time frame as well as an expanded time
frame of 2 minutes and time-to-use overall.
Covariates representing time of day of the
delivery and maternal risk factors for hemorrhage
did not attenuate this effect.

TABLE 2. Association Between Time to Oxytocin Administration After Delivery and Bedside Availability of Oxytocin:
Results From Unadjusted and Adjusteda Regression Models Among Vaginal Deliveries Receiving Postpartum Oxytocin,
Karnataka, India (N = 330)
RR (95% CI)

Adjusted RR (95% CI)

Oxytocin administered within 1 minute

4.99 (2.53, 9.84)

4.89 (2.61, 9.16)

Oxytocin administered within 2 minutes

2.70 (1.38, 5.29)

2.61 (1.26, 5.41)

Minutes (95% CI)

Adjusted minutes (95% CI)

–3.3 (–5.2, –1.4)

–2.9 (–5.0, –0.9)

Time to oxytocin administration, minutes

Abbreviations: CI, confidence interval; RR, risk ratio.
Data for oxytocin administered within 1 minute and 2 minutes report risk ratios from generalized linear models with a binomial distribution and a log link
function; data for time to oxytocin administration report change in number of minutes, from linear regression models.
All results use standard errors clustered by provider.
a
Adjusted for time of delivery (daytime/nighttime), mother’s age, parity, long labor (i.e., greater than 12 hours prior to admission for nulliparous women
and greater than 24 hours for all other women).
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Those seeking to implement global guidelines
for the prevention of postpartum hemorrhage
may therefore want to consider adding operational recommendations to make oxytocin ready
for administration and available at bedside—such
as ensuring adequate supplies of the medication
in the delivery room, preparing oxytocin syringes
in advance, and assigning responsibility to
guarantee these steps are routinely followed.
The advent of prefilled oxytocin syringes (e.g.,
Oxytocin-in-Uniject devices) may facilitate rapid
use after delivery.15,19 An important constraint is
that oxytocin is not heat stable, although recent
evidence from Ghana suggests that it may be
shelf-stable around the point of care.20 So until
additional evidence confirms the parameters of
oxytocin’s stability, hospitals should seek to
extend the cold chain into the labor ward (using
an ice box, for example), so oxytocin can be stored
close to the point of use rather than in general
hospital drug storage. Behavioral prompts for
providers may also be useful, such as keeping an
empty needle and syringe near, or prepackaged in,
the delivery kit. Finally, use of the SCC may help
drive change, as results from the pilot study found
that the intervention increased both pre-labor
preparation of oxytocin and its prompt administration to women postpartum.16 Such changes
could help increase the likelihood that health
workers will deliver this potentially lifesaving
intervention to all women in a timely manner.
The findings from this study suggest that health
system constraints and opportunities should be
considered when developing global protocols. Medical practitioners may be responsible for implementing a number of different clinical guidelines—and
policy makers should seek to understand how such
guidelines are used in practice, and whether any
operational challenges might be overcome with
simple procedural solutions. We encourage future
research on the barriers and enablers faced by
health workers and health systems in implementing clinical guidelines to continue to drive improvement in obstetrics and beyond.

Limitations
This study has some limitations. First, data were
observational and collected at only 1 health facility—
so we were able to measure only the association
between bedside availability and timely use, rather
than causality; and the findings may not be
generalizable to all settings. Second, there is the
possibility of measurement error. For example,
without data on facility availability of oxytocin, the
Global Health: Science and Practice 2015 | Volume 3 | Number 2

bedside availability variable represents both availability within the hospital and preparation at bedside. To explore the impact of possible measurement
error in the independent variable, we dropped all
births that occurred during time periods when
bedside availability was at or below 10% for 3 days
or longer—as a surrogate indicator of possible stockouts—and reran the analyses. This restriction did not
change the main results (likelihood of use within
1 minute of 3.45 [95% CI = 1.75, 6.81] when
available at bedside in the fully adjusted model).
Additionally, there were 3 women in the original
dataset who had never received oxytocin postpartum; they were excluded from this analysis, but the
near-universal administration of oxytocin at some
point postpartum suggests that oxytocin was in
stock at the facility at the time of all births studied
here. Third, there is the possibility of omitted variable
bias; however, the results were robust to the
inclusion of covariates that represent risk factors
for complications (which could theoretically be
associated with need for medical care postpartum:
maternal age, parity, and labor duration), although
we cannot eliminate the possibility of confounding
by unobserved variables. Lastly, this analysis did not
assess health outcomes—so while we found that
time to oxytocin administration was shorter when
oxytocin was available and ready for administration
at the bedside than when it was not, it was
impossible to assess whether such improvements
in practice could be expected to result in fewer cases
of PPH and lower mortality.

www.ghspjournal.org

Deliveries in which
oxytocin was
available at
bedside received
oxytocin, on
average, about 3
minutes sooner
than when there
was no bedside
oxytocin.

Adding
operational
recommendations
to ensure bedside
availability of
oxytocin at
delivery may help
prevent
postpartum
hemorrhage.

CONCLUSION
Adherence to global recommendations on preventing PPH through rapid administration of oxytocin
was much higher when oxytocin was prepared and
at bedside prior to delivery than when it was not.
During the busy immediate postpartum period,
under-resourced health systems with overtaxed
health workers may have the additional need for
such advance planning to enable rapid postpartum
oxytocin administration—which also may have spillover effects to newborns, particularly those with
urgent postpartum care needs. In resource-limited
settings where a single health care worker must care
for both mother and infant, advance preparation of
oxytocin can facilitate rapid administration and thus
avoid interfering with a health worker’s ability to
promptly address the needs of the infant. Simple
interventions, such as advance preparation of
oxytocin and other essential birth supplies before
delivery, are a core component of the SCC, and
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a study is underway to determine the impact of
these and other critical components of care on
maternal and neonatal morbidity and mortality.
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ABSTRACT
Objectives
Epilepsy is a group of disorders in which there are recurrent episodes of altered cerebral function associated
with paroxysmal excessive hyper synchronous discharge of cerebral neurons. The objectives of the present
study were to find out various dermatoglyphic features in patients suffering from epilepsy and to compare the
dermatoglyphic features in normal and epileptic patients.

Material and Methods
The present cross sectional study was conducted during the period from January 2007 to December 2007 on age
and sex matched 70 epileptic patients and 70 normal individuals. Patients were selected from that attending
outpatient department of Neuro medicine, KLES Dr. Prabhakar Kore Hospital and Medical Research Centre,
Belgaum aged between 5 and 40 years. Among the various methods was used for recording dermatoglyphics,
most routinely used ink method was used for this study. The finger and palm prints were analyzed qualitatively
and quantitatively.

Results
Significant findings in qualitative analyses of male epileptic patients showed increase in frequency of radial
loops and decrease in frequency of whorls. Significant findings in quantitative analysis of epileptic patients
included increase of total finger ridge count in male and female epileptics.

Conclusion
Thus with the help of these parameters, one can conclude that, there is some genetic basis for epilepsy and it is
possible to a certain extent to predict from dermatoglphic studies, individual’s tendency for acquiring epilepsy.

Key words
Epilepsy;Deramtoglyphics;Finger print pattern; Total finger ridge count; Triradii

INTRODUCTION
Dermatoglyphics is a branch of genetics dealing with the skin ridge system. Each Dermatoglyphic configuration
is unique and no two persons, not even uniovular twins, show exactly similar finger pattern. Epilepsy and
Dermatoglyphics both have strong genetic basis.
Dermatoglyphics analysis as a diagnostic tool has many advantages
The epidermal ridge patterns on the palm are fully developed at birth and remain unchanged throughout
life.
Patterns are readily accessible.
Recording is quick, simple and inexpensive.
There is no trauma to individual during recording.
Ridge pattern can quickly be analyzed.
Ridge pattern can be inspected for abnormalities immediately after birth.
Dermatoglyphics has been studied extensively in chromosomal disorders and studies proved quite useful in the
medicolegal, anthropological and clinical fields. Currently several Dermatoglyphic research workers, claim a
very high degree of accuracy, in their prognostic ability, from the hand features in diseases like diabetes
mellitus, hypertension and some chromosomal disorders 1 .
Studies have shown that total finger ridge count follow polygenic mode of inheritance 2 . Scientists opine that,
the total ridge count, in spite of its continuous variations, is the sum of a heterogeneous combination of values
(fingers with different means, standard deviations and frequency distributions) with complicated interrelations.
Such a hetrogenous term cannot pass for a homogenous biologically meaningful character 3 . A single major
autosomal locus with two additive alleles may account for over half the variations of the quantitative phenotype
absolute finger ridge count 4 .
Epilepsy is probably a familial hereditary diseases transmitted by as an autosomal dominant characteristic with
variable expressivity 5 . This disparity is the result of many causes of seizures, their episodic occurrence and
varying types of patients studied 6 .
The annual incidence of new cases of epilepsy after infancy is 20 to 70 per 100000. The incidence of epilepsy in
general population in India is one percent 5 .A study showed an approximate 4% risk for epilepsy through age 20
and a 10% risk for any type of seizure disorders. Studies of parents with epilepsy had shown that offspring’s of
mother with epilepsy were at greater risk than those of fathers with epilepsy 7 .
Presumably, genetically related of epilepsy are primary generalized tonic clonic seizures, progressive myoclonic
epilepsy, some childhood absence seizures etc. except for relative rare Mediteranian traits that encompass
seizure disorders , epilepsy does not follow single gene mechanism of inheritance 8 .
The epileptic patients are available in large number and they along with their families, tagged with social stigma
face lots of hardships and studies in epilepsy are scanty in India and abroad. Taking these into account we can
establish the importance of dermatoglyphics as a useful investigatory or inexpensive screening procedure for the
population at risk, so that anticipation and early detection of symptoms help in averting the disease or
complications associated with the disease.

OBJECTIVES
The objectives of the present study were to find out various dermatoglyphic features in patients
suffering from epilepsy and to compare the dermatoglyphic features in normal and epileptic patients.

MATERIAL AND METHODS
The present study was conducted in the Department of Anatomy during the period from January 2007 to
December 2007. The material for the study consisted of finger and palm prints of patients selected from those
attending outpatient Department of Neuromedicine, KLES Dr. Prabhakar Kore Hospital and Medical Research
Centre, Belgaum, aged between 5 and 40 years. The controls were normal mixed population with same age and
sex matched. Patients were informed about the procedure in detail and their consent was obtained. The data like
age, sex, address, history of illness and other medical history of importance were obtained by interviewing the
patients and recorded on predesigned and pretested proforma.
Among the various number of methods used for recording dermatoglyphics, the most routinely used one
that is the ink method was used for this study. The finger and palm prints were analyzed qualitatively and
quantitatively. The qualitative analysis done included the finger print patterns. The quantitative analysis done
included total finger ridge count.

Qualitative analysis
To analyze finger pattern frequency, the fingertip pattern configurations were classified as arches (A),
loops (L) and whorls (W) 9 .Loops were recorded as ulnar or radial depending on the side on which they opened
and whorls were recorded as true and composite (w comp) whorls. (Fig 1)

Quantitative analysis
The characteristics of dermatoglyphics can be described quantitatively that is by counting the number of
ridges within a pattern and measuring angles or distance between specified points of triradii.The counting was
done along a straight line connecting the triradii point to the point of core (Figure No. 1). Symbols and ridge
counts were recorded in order, beginning from first digit of right hand to the fifth digit and from first digit of
left hand to fifth digit of same hand. The total finger ridge count (TFR) was derived by adding the ridge counts
on all ten fingers 3 . Only the large count was used on those digits with more than one ridge count. In a loop
there is one triradius and so one side ridge count; in a whorl with two triradii there are two side counts and
higher is used. For an arch the score is zero

Loop

Simple whorl
Figure No. 1: Method of counting finger ridges

Composite whorl

Statistical analysis
For quantitative analysis the arithmetic mean, standard deviation and critical values were calculated. For
qualitative analysis chi square test was applied.

OBSERVATION AND RESULTS

Table No 1.
Difference in frequencies of pattern distribution in male controls and patients is significant. Whereas, the
frequencies of pattern in female controls and patients are not statistically significant.

Finger print patterns of males and females in both the study groups

Patter
n

Contr

Patie

ols (n

nts (n

= 35)

= 35)
Femal

Male

Female

Male

53.2%

61.2%

55.2%

60.4%

1.2%

1.4%

3.6%

1.6%

Arch

2.8%

4.6%

3.8%

4.0%

Whorl

42.8%

32.8%

37.4%

34.0%

Loops Ulnar
Radial

e

s

Table No. 2
Male epileptic patients show higher mean total finger ridge count (130 ± 7.12) as compared to controls
and difference is statistically significant (t = 2.73, p < 0.05). Female epileptic patients show higher mean total
finger ridge count, which is statistically highly significant (t = 11.88, p <0.05). Mean and S. D. of TFRC and
‘atd’ angles were calculated for different groups. They were compared using ‘t’ test. Significance level fixed at
0.05 level (p value).

Mean total finger ridge count of males and females in both the study groups.
Groups

Mean
TFRC
Males

Control
(n=35)
Patient
(n=35)

Females

Mean

S.D

Mean

S.D.

125

8.18

107

5.74

130

7.12

121

4.76

t value

2.73

11.88

p value

< 0.05

< 0.05

Table No 3
In this table shows percentage of digit wise frequency in male patients, where digits on the right hand numbered
R1 to R5 and left hand numbered L1 to L5 from thumb to little finger direction. Ulnar loops are increased in
epilepsy on R4, L4 and R1, and decreased on L2 and L5.Radial loops showed statistically significantly increased
in epilepsy on R2 (x2  = 4.400; p < 0.05) and also increased on L2. Arches are increased in epilepsy on L1, L2,
L3.Whorls are decreased in epilepsy on R1, R2, R4 and L4, and are increased in epilepsy on L5.

Percentage of digit wise frequency in male patients (n = 35)

Digit

Pattern
Ulnar loop

Radial loop

Arch

Whorl

R1

56

00

02

42

R2

40

16

08

36

R3

72

02

04

22

R4

38

02

02

48

R5

68

02

02

28

L1

52

00

04

44

L2

36

12

08

44

L3

72

00

04

24

L4

44

02

02

52

L5

74

00

02

24

Table No 4
In this table shows percentage of digit wise frequency in female patients, where digits on the right hand
numbered R1 to R5 and left hand numbered L1 to L5 from thumb to little finger direction. Ulanr loops
increased in epilepsy on R1 and L5, and are decreased on L3.Radial loops are not showing significant change in
controls and patients. Arches are increased in epilepsy on R3 and L3 but decreased on L2.Whorls are increased in
epilepsy on L2 and are decreased on R1.But these differences are not statistically significant.

Percentage of digit wise frequency of pattern in female patients (n = 35)

Digit

Pattern
Ulnar loop

Radial loop

Arch

Whorl

R1

64

00

02

34

R2

52

04

06

38

R3

74

02

06

18

R4

40

02

00

48

R5

88

00

00

12

L1

54

02

02

42

L2

44

06

10

40

L3

62

00

10

28

L4

44

00

02

54

L5

82

00

02

16

DISCUSSION
1. Ulnar loops
In the present study male epileptic patients showed higher frequency (55.2%) of ulnar loops as
compared to controls (53.2%). Female epileptic patients showed slightly low frequency of ulanr loops (patients
60.4%, control 61.2%).A study conducted on 100 male epileptic patients reported the presence of ulnar loops in
63% epileptic patients compared to 59.9% of control population.10
2. Radial loops
In male epileptic patients the frequency of radial loops was 3.6%, and in control it was 1.2%. The
difference in the frequencies was statistically significant (x2 = 6.633; p < 0.05). In female epileptic patients the
frequency of radial loops was 1.6% and in female control it was 1.4%. The difference in frequencies of female
epileptic patients and control is not statistically significant in the present study. A study reported 6.6%
frequency of radial loops in male epileptic patients and 5% in control patients.10
4. Arches
In the present study, the frequency of arches in male epileptic patients was 3.8% and in control it was
2.8% which indicates that there was increase in frequency of arches in male epileptic patients than control. The
frequency of arches in epileptic female patients was 4% and in female control it was 4.6%.A study showed that

4.8% frequency of arches in male epileptic patients compared to 1.7% in controls.10
5. Whorls
The frequency of whorls in male epileptic patients was low (37.0%) as compared to control (42.8%),
which was statistically not significant. In female epileptic patient the frequency of whorl was 34% while in
female control it was 32.8%. This indicates the frequency of whorls is slightly more in female epileptic patients
as compared to control which was statistically not significant. A study reported 25.6% frequency of whorls in
epileptic male patients compared to 28.4% control population.10 From above observation it was seen that the
arches, radial loops and ulnar loops have increased mainly at the cost of whorls in male epileptic patient. While
in female epileptic patients, whorl and radial loops are showing marginal increase at the expense of other two
that is arches and ulnar loops.
Digit wise frequency of male patients
In the present study digit wise frequency of finger print pattern is studied in male epileptic patients. The digits
are numbered R1 to R5 for right hand and L1 to L5 for left hand. Ulnar loops are increased in epilepsy on R4, L4
and R1, and decreased on L2 and L5.Radial loops showed statistically significantly increased in epilepsy on R2
(x2 = 4.400; p < 0.05) and also increased on L2. Arches are increased in epilepsy on L1, L2, L3.Whorls are
decreased in epilepsy on R1, R2, R4 and L4, and are increased in epilepsy on L5.

Digit wise frequency pattern in females
In the present study digit wise frequency of finger print pattern is studied in female epileptic patients. The digits
are numbered R1 to R5 for right hand and L1 to L5 for left hand. Ulanr loops increased in epilepsy on R1 and
L5, and are decreased on L3.Radial loops are not showing significant change in controls and patients. Arches are
increased in epilepsy on R3 and L3 but decreased on L2.Whorls are increased in epilepsy on L2 and are decreased
on R1.But these differences are not statistically significant.
Quantitative analysis
Mean Total Finger Ridge Count (TFRC)
In present study, the TFRC in male epileptics was 130 and in controls it was 125. The TFRC in female
epileptics was 121 and in controls it was 107. Both male and female patients showed statistically significant
higher mean TFRC. A study reported mean TFRC as 142.9 male in epileptics whereas it was 131 in controls.10
These differences in dermatoglyphic parameters being genetic markers raise the possibility of detecting
those who are predisposed to develop the epilepsy. Thus further studies with a large population have to be
conducted on dermatoglyphics in epilepsy, for the above mentioned parameters to be considered as
“Dermatoglyphic markers of epilepsy”.

CONCLUSION
There is some genetic basis for epilepsy and it is possible to a certain extent to predict from
dermatoglyphic studies, individual’s tendency for acquiring epilepsy.
But till today the studies in dermatoglyphics in epilepsy are very few in order to determine the use of
dermatoglyphics as a diagnostic and screening method. It is believed that many more workers will come out
with research on this interesting aspect and sufficient data may accumulate to enable the clinician to predict the
development of epilepsy, well in advance with the help of the dermatoglyphics.
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ABSTRACT
Objectives: Clindamycin is the only antibiotic shown effective,
in a single study conducted in the United Kingdom, to prevent
preterm birth, the leading cause of neonatal mortality. The study
objective was to confirm whether oral clindamycin reduces
preterm birth by two-thirds in women with vaginal pH > five in
a developing country.
Materials and Methods: All women presenting to antenatal
care were screened for study eligibility. Two hundred and
ten consenting women were randomized at 13 to 17 weeks
gestation in this double-blind randomized trial to 300 mg oral
clindamycin twice daily for 5 days or an identical placebo at
Jawaharlal Nehru Medical College, Belgaum, India. Outcomes
were assessed using Chi-square and Student’s t-tests.
Results: Twelve women lost to follow-up and three women with
unexpected multiple gestation were excluded from analysis.
The study group characteristics (n = 100 clindamycin, n = 95
placebo) were similar. The incidence of birth <37 and <34
weeks were 12.0 and 6.0% in the clindamycin compared
with 24.2 and 14.7% in the placebo groups (p = 0.026 and
p = 0.044, respectively).
Conclusion: Gestational infection accounts for ~40% of
preterm births. This is the first confirmation of the only published
trial demonstrating that oral clindamycin provided to women
with vaginal pH > 5.0 early in gestation substantially reduces
preterm birth.
Keywords: Bacterial vaginosis, Clindamycin, Gestational
infection, Preterm birth.
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INTRODUCTION
Preterm delivery between 20 and 37 weeks gestation,
remains the primary cause of neonatal mortality (NMR),
accounting for 27% of nearly 3,100,000 annual deaths and
contributing to the 2,600,000 million annual stillbirths
worldwide.1,2 Fifteen million babies are born premature
every year.3 The burden of prematurity is disproportionately born by the developing world with India contributing to over 30% of these deaths.3
Though the causes of prematurity are complex, ascending maternal infection is thought responsible for
40% of spontaneous preterm deliveries.4 Women with
abnormal vaginal flora, including bacterial vaginosis
(BV), experience higher rates of preterm delivery. The
pathogenesis of preterm birth may begin early in gestation,5 and thus treatment of gestational infection may
have its strongest effect when implemented in the first 3
to 5 months of pregnancy. Therapeutic obstetric care, such
as cervical cerclage, bed rest, corticosteroid therapy and
progesterone have improved fetal outcomes in developed
countries,6 however, in developing countries, like India
with more neonatal deaths than any country on earth,
such care is beyond the reach of most of the population.7
Trials of antibiotics to treat maternal infection as a cause
of preterm birth, have had discrepant results reflecting
the heterogeneity in the antibiotics used, the timing of
administration, and their formulations and routes of delivery.8,9 The Cochrane Review of antibiotics for treating
gestational BV found a 20% (p = 0.11) reduction in birth
<37 weeks associated with oral or vaginal clindamycin.8
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Another meta-analysis (5 trials, n = 1,523) of clindamycin
for second trimester gestational infection found a 32%
reduction (p = 0.02) in preterm birth.9 The single published trial of oral clindamycin (n = 2,406),10 included in
both reviews found a 52% lower rate of spontaneous birth
<37 weeks gestation (p = 0.004).10 That study, conducted
in two hospitals in the United Kingdom, provided oral
clindamycin at 12 to 22 weeks gestation.
Clindamycin is a semi-synthetic antibiotic, rapidly
absorbed with an average half-life of two and four tenths
hours. The medication is not teratogenic, but can have
side effects, particularly esophageal irritation, which
are usually transient but sometimes require medical
attention. Its oral consumption is recommended with
a full glass of water to minimize esophageal irritation.
Clindamycin is recommended by the Centers for Disease
Control and American Congress of Obstetricians and
Gynecologists to treat women to prevent early onset
group B Streptococcus disease in newborns.11,12 The
drug is an affordable, promising mechanism to prevent
prematurity and become a global standard of care.
Further evaluation has been recommended.8,9

Materials and Methods
We conducted a hospital-based, individually randomized,
controlled double-blind study in the KLES Dr Prabhakar
Kore Hospital and Medical Research Center, Belgaum,
India, attached to Jawaharlal Nehru Medical College. With
substantially higher rates of infection and prematurity
than observed in the British trial,10 the study tests whether
providing 300 mg oral clindamycin twice daily for 5 days
to women with vaginal pH at or above 5 between 13 and
17 weeks gestation reduces the incidence of preterm birth
(<37 weeks) from 15.78 to 5.34%. With a type I error of
5%, 80% statistical power and a two tailed test, an a priori
sample size of 132 women per group (total 264) was
required. The secondary hypotheses test the effects of oral
clindamycin on incidence of late miscarriage >28 weeks
gestation, and delivery < 34 weeks gestation.
All women presenting for antenatal care were
screened for study eligibility. Women were ineligible
if they had multiple gestations, did not deliver in the
study hospital, had known sensitivity to antibiotics, a
history of antibiotic use within the previous 14 days of
being screened, current placement of a cervical cerclage,
currently receiving tocolytic therapy, a history of cone
biopsy, a uterine or cervical anomaly, a life-threatening
fetal anomaly, or any significant known medical complication, such as diabetes, renal conditions, collagen
diseases, epilepsy, lupus, antiphospholipid syndrome,
or essential hypertension.

192

Written informed consent was obtained for all eligible
women. Consenting eligible women were screened for
vaginal acidity (pH) by the study physicians. The vaginal
pH screening is a simple procedure in which secretions
from the posterior fornix of the vagina from a swab
sample are tested with litmus paper. Vaginal acidity was
assessed using a standard color chart. Consenting women
were individually randomized, half to the clindamycin
and half to the placebo study groups, using a computergenerated list produced by the clinical pharmacist who
prepared and stored the 5 days active drug or placebo in
opaque envelopes to prevent drug exposure to light and
moisture. Each envelope contained the randomization
code number, the hospital name, and the drug expiration
date. The clindamycin and locally produced placebo capsules were indistinguishable in appearance. The clinical
pharmacist then distributed the envelopes to the study
investigators who used them in sequential order. Study
participants and investigators were masked to study
group allocation. The clinical pharmacist retained the randomization code within a sealed envelope until all study
data were collected and analyzed. Women were followed
up through delivery to assess the study outcomes. Data
were entered and maintained securely at Jawaharlal
Nehru Medical College in an encrypted microsoft access
database and at Christiana Care Health Systems.
As the study was hospital-based, preterm delivery
was defined as delivery <37 weeks following the occurrence of regular uterine contractions (≥ 4 contractions
in 20 minutes or ≥ 8 contractions in 1 hour) and cervical
changes (effacement ≥ 80% and dilatation ≥ 1 cm) in
women with intact fetal membranes and gestational age ≥
20 weeks. Gestation was assessed by last menstrual period
(LMP) for all participants, and by early ultrasound scan
and by clinician’s estimated date of delivery (EDD) for
193 of the 195 participants analyzed. Two participants’
had gestation solely assessed by LMP. Although gestation
estimated by LMP can be unreliable,13 to ensure generalizability of the results to developing country settings,
where ultrasound assessment is uncommon, clinicians’
recorded gestation was used in the analysis. Only five
women had discrepancies of more than 1 week between
the LMP, EDD and ultrasound estimates, For these five
cases, the gestation as assessed by ultrasound or LMP
was used depending upon which had the least difference
with the EDD. This did not alter the classification of gestation < 37 or < 34 weeks in any case. We also conducted
analyses to determine whether there was consistency
of results with lower birth weight categories associated
with prematurity.
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Statistical Package for the Social Sciences (SPSS) 20.0
was used for data analysis after completion of the study
enrolment and follow-up. Dichotomous and continuous
outcomes were assessed using the Chi-square test and
Student’s t-tests, respectively. Fisher’s exact p-values were
used for analyses where the number of observations was
less than five per cell.
The study was approved on 14 October, 2009 by
the institutional review board of Jawaharlal Nehru
Medical College, reference number MDC/DOME and
was conducted from January 2010 to December 2010 in
accordance with the Declaration of Helsinki. The trial
was registered with the Clinical Trials Registry—India
(CTRI/2011/10/002045). An abstract, including preliminary results, was published in the 55th All India Congress
of Obstetrics and Gynecology Conference proceedings.
Support for the study was provided by Jawaharlal
Nehru Medical College. The active study medication
was purchased from Pfizer (Thane Belapur Road, KU
Bazar Post, Turbhe, Navi Mumbai, Maharashtra, India).

Results
Eight hundred and thirty-six women presented for antenatal care during the study period, of whom 520 consented to participation. Of these, 210 met the pH eligibility
criteria. Three cases of multiple gestation not previously
identified were excluded, and 195 (clindamycin n = 100
and placebo n = 95) were studied and followed through
delivery (Flow Chart 1). The groups had similar baseline
demographic and reproductive health characteristics
(Table 1). The average maternal age was 23 to 24, most
women were housewives, and literate, and 33 to 40%
were living below the Indian poverty line. The average
vaginal pH level was 5.7 ± 0.4 in the clindamycin and 5.8 ±

0.3 in the placebo groups (ns). Gestation at presentation was 15 ± 2 weeks in both groups. Body mass index,
blood pressure and hemoglobin levels were also similar
at baseline. More women (74%) in the clindamycin than
(64%) in the placebo group had normal (unassisted vaginal) deliveries, with more assisted vaginal deliveries and
late miscarriages >28 weeks gestation occurring in the
placebo group (Table 2, ns).
The mean gestation was 31 ± 5.7 weeks in those
delivering <37 weeks and was 28 ± 5.8 weeks in those
delivering <34 weeks. The incidence of <37 weeks delivery was 12% in the clindamycin and 24% in the placebo
groups (p = 0.03; in analyses adjusted for prior preterm
or assisted birth p = 0.04). Excluding abortions, the rate
of preterm delivery was 11.1% in the clindamycin and
21.7% in the placebo groups, and the rate of spontaneous
(i.e. not forceps or vacuum-assisted) preterm birth was
5.4% in the clindamycin and 19.8% in the placebo groups
(both p = 0.004; in analyses adjusted for prior preterm
or assisted birth p = 0.06, Table 3). The incidence of <34
weeks delivery was 6% in the clindamycin and 14.7% in
the placebo groups (p = 0.044). The differences were marginally significant (p < 0.10) when limiting the analyses
to spontaneous preterm deliveries and those excluding
abortions. There were eight cases of induced prematurity
in each study group. Mean birthweight and the proportion of babies with birthweight ≤2.5 kg was similar in both
groups, however, the incidence of birthweight ≤1.5 kg was
1% in the clindamycin and 7.6% in the placebo groups
(p = 0.03). The proportion of newborns in birthweight
categories <2000 gm was constantly higher in the placebo than clindamycin groups (Graph 1). No side-effects
(gastrointestinal irritation, nausea, vomiting, diarrhea,
abdominal pain, rash, dermatitis, urticaria, throat irritation or headaches) were reported (data not shown).

Flow Chart 1: Consort diagram
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Graph 1: Birthweight distribution by study group [clindamycin (n = 99), placebo (n = 92); excludes miscarriages]
Table 1: Baseline characteristics of the participants
Characteristics
Age (years)
Occupation

Clindamycin (n = 100)
24.6 ± 3.8

Placebo (n = 95)
23.23 ± 3.1

House wife
Working
Laborer
Professional

86.0%
10.0%
4.0%
0

84.2%
12.6%
2.1%
1.1%

Illiterate
Read
Write
Primary
Secondary
Graduate
Postgraduate

2.0%
19.0%
29.0%
33.0%
16.0%
1.0%
0
33%
5.7 ± 0.43
0.53 ± 0.69
14.5 ± 1.9
11%
2%

1.1%
12.6%
25.3%
31.6%
23.2%
4.2%
2.1%
39.7%
5.8 ± 0.33
0.55 ± 0.68
14.7 ± 1.9
10.5%
4.21%

0.48
0.77
0.86
0.86
0.92
0.44a

20.1 ± 3.6
115.9 ± 8.8
73.9 ± 7.0
12.6 ± 13.2

19.9 ± 4.7
114.8 ± 10.0
74.1 ± 8.6
11.8 ± 9.4

0.73
0.44
0.88
0.60

Education

31%

Below the poverty level
pH-value
Parity
Gestation at randomization (weeks)
Had previous miscarriage
Had previous spontaneous preterm
delivery
Body mass index (kg/(cm2)
Systolic blood pressure (mm Hg)
Diastolic blood pressure (mm Hg)
Hemoglobin (gm%)
a
Fisher’s exact significance test

Discussion

Table 2: Delivery characteristics

Normal delivery

Clindamycin Placebo
(n = 100)
(n = 95)

p-value

74.0%

0.14

64.2%

Assisted vaginal delivery

7.0%

13.7%

0.12

Lower segment cesarean
section

18.0%

19.0%

0.86

Miscarriage >12 weeks

1.0%

3.2%

0.36a

n = 93

0.29a

Late miscarriage >28 weeks n = 99
0
a

Fisher’s exact significance test
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p-value
0.10
0.59

1.1%

This double blind, randomized, placebo controlled trial
found 300 mg oral clindamycin taken twice daily for 5
days in women with BV and other abnormal vaginal
flora, as indicated by an elevated pH at or above five,
significantly reduced the incidence of preterm birth
by over 50% and spontaneous preterm birth by nearly
75%, similar to the nearly 60% reduction observed in
the single published trial of the same regimen applied
between 12 and 22 weeks gestation.10 That study was
conducted in two hospitals in Great Britain, where
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Table 3: Outcome data
Outcomes
Total preterm <37 weeks
Total preterm <37 weeks excluding
abortions
Spontaneous preterm <37 weeks
Spontaneous preterm <37 weeks
excluding abortions
Total preterm <34 weeks
Total preterm <34 weeks excluding
abortions
Spontaneous preterm <34 weeks
Spontaneous preterm <34 weeks
excluding abortions
Induced preterm
Due to abruption
Due to IUD
Due to eclampsia
Due to oligohydramnios
Due to pre-eclampsia
Due to intrauterine growth retardation
Due to anencephaly
Birth weight (kg) excluding abortions
Birth weight <2.5 kg excluding abortions
Birth weight <1.5 kg excluding abortions
a

Clindamycin (n = 100)
12.0%
11.1% (n = 99)

Placebo (n = 95)
24.2%
21.7% (n = 92)

OR (95% CI)
0.427 (0.199, 0.917)
0.450 (0.202, 1.000)

p-value
0.026
0.047

5.4% (n = 92)
4.4% (n = 91)

19.8% (n = 86)
17.9% (n = 84)

0.233 (0.082, 0.664)
0.211 (0.067, 0.666)

0.004
0.004

6.0%
5.1% (n = 99)

14.7%
12.0% (n = 92)

0.369 (0.136, 1.005)
0.392 (0.131, 1.174)

0.044
0.085

3.3% (n = 92)
2.2% (n = 91)

10.5% (n = 86)
8.3% (n = 84)

0.288 (0.075, 1.103)
0.247 (0.050, 1.225)

0.074a
0.090a

8%
1%
1%
1%
1%
2%
2%
0
2.73 ± 0.44 (n = 99)
23.2% (n = 99)
1.0% (n = 99)

6.3%
2.1%
1.1%
0
1.1%
1.1%
0
1.1%
2.60 ± 0.61 (n = 92)
25.0% (n = 92)
7.6% (n = 99)

– 0.132 (– 0.284, 0.019)
0.908 (0.468, 1.763)
0.124 (0.015, 1.027)

0.086
0.775
0.030a

Fisher’s exact significance test

the incidence of gestational infection was much lower,
around 8%, where gestation was universally estimated
by ultrasound, and where genital tract infection was
identified by gram stain using Nugent’s criteria. The
incidence of BV and other abnormal vaginal flora as
determined by pH at or above five was 40% in our study
hospital. Regardless of the different study environments,
methods to estimate gestation and to identify gestational
genital tract infection, both Ugwumadu et al10 and we
found oral clindamycin reduced spontaneous prematurity by well over 50%. Our study also found that oral
clindamycin had an even greater (~75%) effect on prevention of preterm birth <34 weeks, particularly important
as babies born <34 weeks gestation disproportionately
contribute to neonatal mortality and societal burden.14
The consistency of our results with that of Ugwumadu
et al10 is striking and distinct from the lack of effect
observed with topical application of clindamycin.8,9 This
suggests that an oral route of administration may be critical to effectively treat abnormal vaginal flora.
The results of our study and Ugwumadu et al10
supports the theory that treatment between 13 and 22
weeks gestation can be effective. Independent research
is needed to evaluate whether treatment in later gestation
can be efficacious. Longitudinal studies have observed
that spontaneous resolution of bacterial vaginosis later
in pregnancy is not associated with a reduction in
risk of preterm birth, suggesting that treatment later
in pregnancy may not be beneficial. In neonates for

whom prematurity was not prevented, provision of oral
clindamycin may result in unnecessary fetal expose.
In our study, the intervention was provided after
organogenoesis. Although larger, systematic assessments
of the potential adverse effects of fetal exposure to
clindamycin are needed, gestational administration of the
medication is recommended by the Centers for Disease
Control and American Congress of Obstetricians and
Gynecologists to prevent early onset neonatal group B
Streptococcus disease.11,12 No side-effects were reported
by women participating in our study, however, women
may not have reported nausea, vomiting or stomach
upset thinking these to be normal in pregnancy. There
were no study group differences in the incidence of
induced prematurity for obstetric indications (abruption,
eclampsia, intrauterine death, oligohydramnios, preeclampsia, intrauterine growth restriction and anencephaly).
While our study and Ugwumadu et al10 found fewer
late miscarriages after 28 weeks gestation in women
who received clindamycin than placebo, neither finding
was significant. Neither study observed a difference in
average birthweight, howevers, our study found that oral
clindamycin significantly reduced the incidence of very
low birthweight (VLBW ≤ 1.5 kg); 89% of preterm babies
were LBW and 34% were very LBW.
Gestational age may have been more accurately
assessed if it had been estimated by ultrasound for
all women. However, such estimation is not generally
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available in developing country settings. The inaccuracies
in gestational estimation would tend to reduce the
significance of the observed effects. The observed pattern
that the proportion of newborns in weight categories
<2000 gm (91% of whom were preterm), consistently
greater in the placebo than clindamycin groups, suggests
the gestation estimates have validity.
The Amsel score is the gold standard for BV screening,
but the procedure is difficult to reliably implement and
expensive for developing country settings. While there
is variation across settings. Elevated pH (above four and
seven tenths) has been shown to have high sensitivity
and specificity. Still, bacterial vaginosis and abnormal
vaginal flora as represented by a pH at or above five can
feasibly be identified between the first 12 and 22 weeks
of pregnancy in countries that experience high rates of
prematurity, and may be supplemented or replaced by
the Nugent test, estimated to have higher sensitivity
and specificity,15 where possible. As oral clindamycin is
an affordable and widely available medication in such
settings, this studies confirmation that it can effectively
reduce prematurity and its consequences in women with
abnormal vaginal flora indicates it can become a global
standard of care.7 Logistical constraints of study continuation beyond the proposed and implemented period,
compelled us to halt the trial before enrolling 264 eligible
women. While possible, it is unlikely that the enrolment
of the outstanding 69 women, half to each group, would
have reversed our findings. Larger definitive evaluation
has been recommended and is underway.8,9 Whether
gestational infection can be feasibly identified early in
gestation and effectively treated in community-based
settings in countries where the burden of prematurity
and neonatal mortality is greatest remains to be seen. We
have initiated a community-based trial in rural Belgaum
and Bagalkot Districts of Karnataka State in 2013.
Gestational infection accounts for ~40% of preterm
births. Our findings are the first confirmation of the
only published trial and indicate providing oral clindamycin to women with vaginal pH at or above five early
in gestation substantially reduces prematurity and may
consequently help to reduce global neonatal mortality.
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Abstract: Primitive neuro-ectodermal tumour of the lung is an extremely rare occurrence and we hereby
report a case of a neuro-ectodermal tumour of the lung which was proved by immuno-histochemical
examination of the resected specimen, and he had a very aggressive pattern of behavior.
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Introduction
Primitive neuroectodermal tumors (PNETs) occur most
frequently in the bone and soft tissues of children or young
adults. The most common sites of origin for osseous lesions
are the long bones, such as the femur or humerus or the
pelvic bones. Soft tissue lesions arise more frequently in the
deep tissues of the paravertebral or thoracic regions, lower
extremities, and pelvis. Infrequently, PNETs have been
described in other organs, such as the kidney, as primary
neoplasms, or as arising from other tumors, such as ovarian
or testicular germ cell neoplasms (1,2). Those PNETs that
arise in the lung parenchyma without pleural or chest wall
involvement are extremely rare, and very few cases have
been reported in the literature (3). Only about 50 cases
have been reported in the world literature. We report a case
of a PNET of pulmonary origin in an adult who had an
aggressive pattern of behavior.
Case presentation
A 26 years old male presented with chest pain and grade 3
dyspnea (MRC grading) of one month duration. He was
a labourer and a non smoker with no history of exposure
to any occupational or inorganic dusts. Breathlessness
was of sub-acute in onset and progressed over a period
of 30 days and he had difficulty in caring out routine
activities. The chest pain was located in retrosternal region
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and pricking in character with neither radiation, nor
related to the meals. There was dry irritant type of cough
without any expectoration. There were no complaints of
hemoptysis and wheezing. There were no other symptoms
suggestive of any other organs involvement. He was thinly
built person with BMI of 18, and had no clubbing and
lymphadenopathy. Respiratory system examination revealed
diminished movements on the left hemi thorax. There was
stony dullness on the left hemi thorax, and breath sounds
were absent in left basal regions. No adventitious sounds
were heard. Chest radiograph revealed a uniform density
homogenous opacity in the left lower zone with corrugated
smooth margins. Mediastinum was in the midline. Routine
blood investigations were within normal limits. Computed
tomography of the thorax revealed a large well defined
heterogenous mass in the left lower lobe lung parenchyma.
There were some areas of necrosis within the mass and
it was extending up to the pleural surface (Figure 1A).
There was involvement of the mediastinal lymph nodes,
mainly, left hilar group, subcarinal, pretracheal and aortopulmonary lymph nodes. Fibreoptic bronchoscopy revealed
congested lower lobe bronchus with no intrabronchial
presence of any growth. Bronchial washings, bronchial
brush biopsy and endobronchial biopsy were inconclusive.
Trans-thoracic fine needle aspiration biopsy of the mass
revealed small round to oval tumor cells with thin strands of
fibrous connective tissue. As the diagnosis was inconclusive
even after fibreoptic bronchoscopy and biopsy of the mass,
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Figure 1 (A) CT scan of the thorax showing large well defined heterogenous mass in the left lower lobe lung parenchyma. There were some
areas of necrosis within the mass and it was extending up to the pleural surface. Tumour margin was ill-defined and irregular in outline;
(B) Specimen of the primitive neuroectodermal tumor appeared as sheets of small round to oval cells with scant cytoplasm and focal necrosis
(Hematoxylin and eosin; ×312); (C) Tumour cells expressing Cytokeratin (CK+, Original magnification ×400); (D) Tumour cells expressing
Synaptophysin (Original magnification ×400).

the patient was taken up for thoracotomy with excision of
the tumor. Intra-operatively it was observed that there was a
large firm mass occupying the left lower lobe with extension
of the growth towards the hilum as well as towards the
pleural region. There was no involvement of the great
vessels and the pericardium. Mediastinal lymph nodes i.e.
left hilar group, subcarinal group, and aortopulmonary
group were involved. As the mass was extending up
to the pleura, debulking of the tumor was done to the
extent possible. Histologically, the specimen revealed
sheets of pleomorphic round to oval cells, with enlarged
hyperchromatic twisted nuclei and amphophilic moderate
eosinophilic cytoplasm. The neoplastic cells were arranged
in fascicles that closely resembled the architecture of
leiomyosarcomas (Figure 1B). They had numerous mitotic
figures and areas of necrosis. Immunohistochemistry of the
resected lung specimen revealed that the tumour was poorly
differentiated neuroendocrine carcinoma of the lung. The
tumor cells expressed Cytokeratin and Synaptophysin
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(Figure 1C,D) and were immunonegative for TTF -1 and
Chromogranin A. The patient received radiotherapy during
post-operatve period with 4000 Rads and chemotherapy
with Cisplatinum, Bleomycin and Doxorubicin. The patient
continued to be symptomatic, and his condition worsened
over a period of next three months and he died subsequently
three months after the diagnosis.
Discussion
PNETs are small round cell malignant neoplasms of
neuroec-todermal origin. The combination of a shared
chromosomal translocation (t[11;22] [q24;q12]), cellular
physiology, and clinical response has led to categorizing
PNETs in the Ewing sarcoma family of tumors. These
tumors often involve the thoracic wall, and primary
pulmonary and cardiac involvement is quite rare. Primary
intrapulmonary PNET without parietal pleura or thoracic
wall involvement is very rare. Most of the case reports
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of PNETs have suggested that these tumors are highly
aggressive neoplasms that rapidly give rise to metastatic
disease and death (4). Most patients with PNETs are
adolescents or young adults. The patients with pulmonary
PNET previously described had an age range of 15 to
64 years, with a mean age of 33 years (3). Chest pain, an
enlarging mass, and/or symptoms of nerve deficit are the
common presentations, and may persist for several months
or years, and are frequently associated with a long standing
mass. Local recurrence is quite common.
The diagnosis of PNET of lung, once difficult for
the surgical pathologist, is greatly facilitated now by the
availability of antibodies such as HBA-71, 12E7, and O13
that recognize the cell surface antigen defined by the
cluster of CD99. Although not specific for PNET or Ewing
sarcoma, CD99 is almost always present in these tumors (1).
It must be used together with antibodies to vimentin,
NSE, neurofilaments, and other markers determined by
the differential diagnosis of the individual case to exclude
lymphoma, carcinoma, or sarcoma (5). PNETs can be
differentiated by characterizing the neural ultrastructure
(e.g., neuro-secretory granules, neurofilaments,
and neurotubules) on electron microscopy or the
immunohistochemical expression of at least four neural
markers, including CD- 99, NB-84, NSE, S-100, desmin,
myogenin-MyoD1, CK, and LCA (6). Imamura et al. (7)
also observed expression of Mic2 protein and t[11;22]
(q24;q12) translocation were proved in the tumor cells in
their report of two cases. The tumor cells were positive for
periodic acid-Schiff (PAS), neuron-specific enolase (NSE),
and vimentin, but negative for Leu7, chromogranin A, and
pro-gastrin-releasing peptide (ProGRP).
Computed tomography (CT) and MRI of the thorax
mostly show large tumors, often with a heterogeneous
appearance because of areas of hemorrhage and necrosis.
CT and MRI are preferred in detecting small pulmonary
metastases and in determining invasion of chest wall muscle,
respectively. PNETs have a very high rate of local recurrence
and a propensity to metastasize. The most common sites of
dissemination have been reported in bone (35–50%), bone
marrow (29–33%), lung (18–50%), liver (20%), lymph node
(10–12%) and spleen (10%), and metastases in multiple sites
(35%) have also been seen (8). It has been observed that
tumor burden at presentation is the single most important
prognostic factor, followed by response to treatment, itself
partly determined by tumor size (4).
Based on this small number of cases, pulmonary PNETs
are aggressive neoplasms that have a clinical course similar
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to PNETs of other organs. In general, almost all patients
who developed metastases die of their disease as do 75%
of patients with localized disease. The treatment of choice
is early surgical removal with intensive chemotherapy and
radiation therapy to ablate residual microscopic disease.
Chemotherapy leads to tumor shrinkage, which in turn
allows operability with wide tumor free margins (8).
Chemotherapy consists of Vincristine, Adriamycin, and
Cyclophosphamide along with local radiation therapy.
The patients with incomplete resections had very limited
survival and the patients who survived for a long time were
those who had wide tumor-free margins. Some adjuvant
radiotherapy modifications, such as brachytherapy or the
CyberKnife, could be beneficial in these patients. These
modalities have been shown to be effective in the treatment
of PNETs, different tumors of the spine, lung cancer or
tumors in other parts of the body (9).
The present case describes one of the few reported
cases of the PNET entity in an adult. The initial biopsy
was misleading, most likely because the tumor itself was
not biopsied: only the tumor’s surrounding fibrovascular
casing was biopsied. Diagnosis in this could be achieved
only after the complete excision of the tumour and
on immunohistochemistry examination. Primitive
neuroectodermal tumor lesions are aggressive and usually
lethal; they should be considered in the differential
diagnosis of thoracic tumors regardless of the age of the
patient. Once a diagnosis of PNET has been made, early
wide excision of the tumor, along with multimodality
chemo- and radiotherapy, should be undertaken to offer any
hope of a long-term cure. In the present case, wide excision
of the tumor was done and he was also given adjunct
radiation therapy and chemotherapy, but due to the rapid
progression of the tumor, the patient succumbed to the
disease within 2 months after the diagnosis.
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Clinical significance of various diagnostic techniques and emerging antimicrobial
resistance pattern of Helicobacter Pylori from Gastric Biopsy Samples
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Abstract
Background: There is no single technique that can meet the criteria in identification of Helicobacter pylori. The
diagnosis is important asantimicrobial resistance is frequently observed and associated with treatment failure. The
present study was conducted to evaluate diagnostic tests for identification of H pylori and to assess their antimicrobial
resistance pattern. Materials and Methods: Biopsies of gastric tissue from 200 patients with disorders of the upper
gastrointestinal tract were studied for detection of H pylori by various methods like culture, H and E staining and
urease test. Antimicrobial susceptibility testing was carried out by Kirby Bauer’s disc diffusion method. Results: Out
of 200 patients, H pylori was detected by rapid urease test, H and E staining and culture in 26.5%, 14.5% and 2.5%
cases respectively. H and E was taken as the gold standard. Sensitivity of urease test was 76.6% and of culture 13.3%.
Specificity of urease was 81.7% in comparison with culture which showed 99.4% specificity. Metronidazole (05)
showed high level of resistance followed by amoxicillin (03) and norfloxacillin (03). Tetracycline, erythromycin,
levofloxacin and cotrimoxazole showed one resistance each to H pylori. Conclusion: H and E is taken as the gold
standard according to CDC. Urease test is a better screening procedure than culture. H pylori resistance to metronidazole
in our zone was highest. This is due to general and extensive use of metronidazole for other infectious diseases. Our
study suggests need for a systematic approach to determine antibiogram of the strains before considering the drug
regimens.
Key words: Gastric biopsy, H and E staining, H. pylori, metronidazole, urease test

Introduction
Helicobacter pylori (H. pylori) is commonly associated
with chronic gastritis in more than 50% of the people
worldwide. In developing countries, 70–90% of the
population carries H pylori.[1,2] Many methods, invasive
and non‑invasive have been developed for the diagnosis of
H pylori infection.[3] Invasive methods requiring endoscopic
evaluation include bacteriologic culture, histopathologic
studies, smear examination like Grams and giemsa stain,
rapid urease test and molecular studies. Non-invasive
methods include serologic testing, urea breath testing,
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antigen detection in the stool.[4] In spite of available
diagnostic methods to detect H pylori, there is no single
technique that can meet the criteria for acceptable sensitivity
and specificity in identification of the bacterium.[1]
Therefore various diagnostic methods are recommended in
a combination of two or more to meet diagnostic criteria.[5,6]
Although culture is needed for antimicrobial
susceptibility, it is difficult to isolate, requires an enriched
transport medium, is expensive and time consuming.[4]
Histopathology is considered as the standard method for the
diagnosis of H pylori infection, but the reliability depends
on the number and site of specimens collected.[7] A further
limitation of uses of histopathology with regard to
sensitivity and specificity is the quality of the biopsies. If
the biopsy is too small, poorly oriented or inappropriately
fixed or stained, detection of H pylori may not be possible.[4]
The specific diagnosis is important because clinical
experience has demonstrated that H pylori infection is
not easy to cure.[8] (Triple therapy combining a proton
pump inhibitor with two antibiotics like clarithromycin,
metronidazole or amoxicillin, represents the regimen for
eradication. Treatment failure occurs due to the resistant
strains particularly metronidazole.[8] The resistance of
H pylori to the antimicrobials is a growing problem. In
developed countries, metronidazole resistance is found
in 10–50% of adult H pylori infected patients. Whereas
in developing countries, almost all strains are resistant to
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the antimicrobial agent.[9] Antibiotic resistance frequently
causes failure of eradication of H pylori.[9]
Therapeutic regimens followed currently are mostly
based on either insufficient data or obtained from other
geographically un‑related region. In the Indian population,
the prevalence of H pylori resistance is very high to
metronidazole (77.9%) followed by clarithromycin (44.7%),
amoxicillin (32.8%) and ciprofloxacin showed least
resistance (1–4%).[10] This study was done to evaluate the
antimicrobial resistance pattern in this region.
Each of the above methods has advantages and
disadvantages and none can be considered as a single
gold standard. A combination of endoscopic biopsy based
methods usually gives the most reliable diagnosis.[11]
Thus this study is aimed to evaluate diagnostic methods
like urease test, culture and Hematoxyline and Eosin (H
and E) staining and to assess the antimicrobial resistance
pattern.
Materials and Methods
Two hundred patients having disorders of the upper
gastrointestinal tract were studied by video‑endoscopy.
Patients who had taken antibiotics, H2 blockers or proton
pump inhibitors 24 hrs prior to endoscopy were excluded.
Patients with dyspepsia but a normal endoscopic appearance
were classified as non‑ulcer dyspepsia. Others who had
oedema or redness of the gastric mucosa which was
histologically confirmed as gastritis were included in
the chronic gastritis group. Informed consent and ethical
clearance from the Institutional Ethical Committee were
obtained.
Two biopsy specimens of gastric tissue from each patient
were collected by gastroenterologist during endoscopy.
One biopsy was transported to the microbiology laboratory
within half to one hour in brain heart infusion broth (BHI)
with glycerol. They were submitted for rapid urease test and
culture. The other biopsy for histopathology examination
was transported in 10% buffered formalin, routinely
processed and embedded in paraffin. The slides were stained
with routine H and E stain. The H pylori were identified as
curved rods on the luminal surface of the gastric epithelial
cells [Figure 1].
Culture of H pylori from biopsy sample: The biopsy
specimen was inoculated onto Columbia blood agar plates
supplemented with 10% sheep blood, Campylobacter
growth supplement and Campylobacter selective
supplement, incubated in CO2 jar with multiple wax candles
lighted to create the micro‑aerophilic atmosphere. While
closing the jar each time, petroleum jelly was put on the side
of the rim of the jar and then the jar was closed tightly. The
jar was kept at 37°C for 5–7 days.[12] The bacterial colonies
were identified on the basis of colony morphology, Grams
staining, positive oxidase, catalase and urease reactions.

Figure 1: H and E Stain showing curved rods on the luminal surface of
the gastric epithelial cells

Bacteria were subcultured into two different media
columbia blood agar with supplements and brain heart
infusion broth with 20% glycerol.
Rapid urease test
This was done using a urea broth prepared and
standardised in our set up where the concentration of
urea was increased to double the amount to increase the
sensitivity of the test.
Antimicrobial susceptibility testing of the isolates
A total of 05 isolates of H pylori subcultured were
tested for antibiotic susceptibility using Kirby‑Bauer disc
diffusion method on Muller-Hinton agar plate supplemented
with 10% sheep blood. A standard inoculum of H pylori
culture was suspended in BHI broth. The turbidity was
adjusted equal to McFarland 3. The inoculum was seeded
on to Mueller‑Hinton blood agar plate using sterile cotton
wool swab, antibiotic discs with the following drug
contents: Metronidazole (5 µg), amoxicillin (10 µg),
tetracycline (30 µg), erythromycin (15 µg), levofloxacin
(5 µg), norfloxacin (5 µg), cotrimoxazole (10 µg) were
placed on the plates. The plates were incubated at 37°C
in CO2 jar for 3–4 days. The results were interpreted as
per Clinical Laboratory Standards Institute (CLSI) 2011
guidelines.[13]
Results
A total of 200 patients [152 males and 48 females;
3.12:1] with various upper gastrointestinal disorders were
included in the study [Table  1]. H pylori was detected
by rapid urease test in 54 (27%) cases where urease
was positive in 46 (24.21%) cases with chronic gastritis
and 8 (80%) cases with peptic ulcer, by histopathology
slides stained with H and E in 29 (14.5%) cases where
23 (12.11%) cases had chronic gastritis and 06 (60%)
cases had peptic ulcer and culture in 5 (2.5%) cases
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where 01 (0.53%) case had chronic gastritis and 04 (40%)
had peptic ulcer as shown in Table 2. H and E was taken
as the gold standard. Sensitivity of urease test was
76.6% and of culture 13.3%. Specificity of urease was
81.7% in comparison with culture which showed 99.4%
specificity [Table 3].
Out of five isolates subjected to antimicrobial
susceptibility testing, metronidazole (5) showed high
level of resistance followed by amoxicillin (3) and
norfloxacillin (3). Tetracycline, erythromycin, levofloxacin
and cotrimoxazole showed one resistance each to H pylori.
A total of three strains were multi‑drug resistant (MDR).
They showed resistance to metronidazole, amoxicillin and
norfloxacillin [Table 4].
Five metronidazole resistant strains were found in the
patients with duodenal ulcer, gastric ulcer and chronic
gastritis. Three of the strains were resistant to amoxicillin
and Norfloxacin in patients with duodenal ulcer.
Discussion
In our study multiple tests were used for the detection
of H pylori in gastric biopsy specimens. The presence of
H pylori in gastric biopsies was detected by urease test,
H and E stain and culture in 26.5%, 14.5% and 2.5% cases
respectively. The overall positivity of rapid urease test
correlates with another study, where out of 81 samples
studied by rapid urease test 35 (43.21%) were positive.[14]
In another study done by Akanda et al., rapid urease test
and H and E staining detected H. pylori in 56.4% and
45.6% cases respectively.[4] The specificity of urease test is
81.7%. In another study the specificity of RUT was 60%.[15]
In the present study, the sensitivity and specificity of
urease test in the demonstration of H pylori is higher than
culture. It is cheap, easy to perform and available in most
laboratories.
Table 1: Sex distribution with endoscopic diagnosis
Subjects
Male
Female
Total
Chronic gastritis
146 (73%)
44 (22%)
190 (95%)
Duodenal ulcer
3 (1.5%)
3 (1.5%)
Gastric ulcer
4 (2%)
3 (1.5%)
7 (3.5%)
Total
153 (76.5%) 47 (23.5%)
200

vol. 33, No. 4

In the present study, H. pylori was isolated in five out of
200 patients (2.5%) with a sensitivity of 13.3% [Table 2].
Similar isolation rate has been reported in another
study (4.2%).[15] Studies from India have shown low rates of
isolation. Ayyagari et al., reported 23.9% isolation rate.[16] In
another study 8/92 (8.7%) samples were positive by culture
with a sensitivity of 8.69%.[17] In contrast, the Indian studies
reported a sensitivity which ranged from 1.09–63%.[16,18]
The sensitivity of our culture is in accordance with these
results. The low rate of isolation may be due to the
fastidious nature of H pylori and a number of factors that are
hard to control, such as patchy distribution of the organism
on the gastric mucosa, loss of viability of the organisms
during transportation etc. All these factors together, result
in low sensitivity and a low negative predictive value.[18]
Thus the need persists for a high H pylori recovery rate from
gastric biopsy specimens.
The presence of H. pylori in gastric biopsy was detected
by H and E in 14.5%. In another study out of 65 samples
processed for H and E, a total of 56 (86.15%) showed
the changes associated with chronic gastritis.[17] CDC
recommends that histopathology [H and E] should be taken
as gold standard. In comparison with H and E, urease test is
better screening test when compared to culture.
Out of total 27% cases detection by urease test, 24.21%
were chronic gastritis. So it can be used as one of the rapid
test and can be used as bed side investigation. Gastritis
can be having varied aetiology when urease test is used it
will pinpoint at the diagnosis of H pylori infection since
Urease test has got 76.6% sensitivity. Thus urease test can
be used for early diagnosis of dyspepsia. Culture has high
specificity, which can be used as adjunct.
Patients were treated with H pylori kit containing
Pantoprazole 40 mg, clarithromycin 500 mg and
amoxicillin 750 mg for 14 days then symptomatic
improvement was assessed followed by maintenance
dose of Pantoprazole 40 mg for 3 months. For gastric
ulcer cases Pantoprazole 40 mg was put for 3 weeks then
followed by antibiotic treatment after the symptomatic
improvement.
Symptomatic profile of the patients before and after
the treatment was assessed and there was endoscopic
improvement after the treatment. Metronidazole resistant

Table 2: Detection of Helicobacter pylori in gastric biopsy samples by different methods in various conditions (N=200)
Gastric
Total
Tests
Chronic
Duodenal
(200) (%)
ulcer (03) (%)
ulcer (07) (%)
gastritis (190) (%)
+
+
+
+
Urease
46 (24.21) 144 (75.78) 3 (100)
5 (71.43) 2 (28.57)
54 (27)
146 (73)
Haematoxylin and Eosin 23 (12.11) 167 (87.89) 3 (100)
3 (42.86) 4 (57.14) 29 (14.5) 171 (85.5)
Culture
1 (0.53)
189 (99.47) 3 (100)
1 (14.28) 6 (85.71)
5 (2.5)
195 (97.5)
www.ijmm.org
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Table 3: Sensitivity and specificity of different methods
for identification of Helicobacter pylori
Test
Sensitivity Specificity Positive Negative
(%)
predictive predictive
(%)
value (%) value (%)
Urease test
76.6
81.7
42.6
95.2
Culture
13.3
99.4
80
86.6

metronidazole is consistent with earlier research conducted
in several areas.[9]

Table 4: Antimicrobial resistance pattern of
H pylori (N=05)
Antimicrobial agents
Resistant
Metronidazole
05
Amoxicillin
03
Tetracycline
01
Erythromycin
01
Levofloxacin
01
Norfloxacin
03
Cotrimoxazole
01
Metronidazole + amoxicillin
03
Metronidazole + amoxicillin + norfloxacin
03

In our zone, we got emerging resistance with
norfloxacin (03). The reason for high resistance with
norfloxacin is due to its widespread usage in the treatment
of urinary tract infections.[23]

cases were put on quadruple treatment with proton pump
inhibitor and three antibiotics.
Many H pylori strains show resistance to one or
more antimicrobial agents in vitro and this may be the
cause of eradication failure.[19] Noncompliance of the
patient and location of the bacterium which is beneath the
gastric epithelium, are involved in the treatment failure.
Antibiotic resistance varies widely by geographic location.
Metronidazole is an important antimicrobial used in
the treatment of H pylori infection.[20] Determination of
antibiotic susceptibility, particularly to metronidazole is
very essential.[21] In our study, antibiotic susceptibility
testing was carried out by disc diffusion method. It is a
good alternative for determining antibiotic susceptibility of
H pylori, particularly to metronidazole.[21,22]
In our study all the strains [05] were resistant to
metronidazole. In another study H pylori resistant rate
was 77.9% to metronidazole, 32.8% to amoxicillin.[10]
Metronidazole resistance was high in Lucknow, Chennai,
Hyderabad (68%, 88.2% and 100% respectively) and
moderate in Delhi (37.5%) and Chandigarh (38.2%),
ciprofloxacin and tetracycline resistance was the least
ranging from 1.0–4%.[10] This is in accordance with our
study.
The prevalence rate of metronidazole resistance is
higher in developing countries.[8] This is due to general and
extensive use of metronidazole in developing countries
for other infectious problems, such as protozoal, genital
and dental infections.[8,16] In our study, metronidazole has
highest resistance rate. primary resistance of H pylori to

There is lot of geographical variation in resistance
pattern. indiscriminate use of drugs in different areas might
be the cause for high metronidazole resistant H pylori.[23]
We found three of the strains resistant to amoxicillin.
Frequent use of this drug for other infections like respiratory
conditions in our area may contribute to resistance.

Although norfloxacin is not a drug of choice in the
treatment of H pylori infection, drug combination used
in the H pylori kit may be considered as an alternative in
cases of resistance to first line drugs.[23] one resistance
was seen with other drugs like tetracycline, levofloxacin,
cotrimoxazole and erythromycin. The wide discrepancy in
the antibiotic susceptibility pattern of H pylori, suggest the
need for a systematic approach to determine antibiogram of
the strains before considering the drug regimens.
Limitations of the study
The present study had certain limitations. The results
of this study depicted low culture positives in controlled
conditions existing. Further long term studies need to be
conducted comparing the different cultivation methods and
molecular techniques.
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Abstract: A young pregnant woman with hyperemesis
gravidarum presented to casualty with ataxia, confusion and
diplopia. Examination revealed nystagmus and bilateral
retinal haemorrhages. Characteristic brain MRI findings and
rapid response to thiamine was suggestive of Wernicke’s
encephalopathy due to hyperemesis gravidarum. Wernicke’s
encephalopathy is a potentially reversible condition caused
by thiamine deficiency. It is usually suspected in the setting
of chronic alcoholosim and might not be recognised when
associated with other conditions. A high index of suspicion is
required since lack or delay of treatment may lead to high
morbidity and mortality.
Key Words: Wernicke’s Encephalopathy, Hyperemesis
gravidarum, Thiamine deficiency.
Introduction:
Hyperemesis gravidarum is associated with long lasting and
uncontrollable
nausea
and
vomiting
with
the
common complications
like
dehydration,
ketosis,
hypochloremia and hypocalcemia which may cause an
increase in maternal mortality and morbidity. Wernicke’s
encephalopathy which manifests with diplopia, amnesia,
confusion, apathy and ophthalmoplegia is one of the rarest
complication of hyperemesis gravidarum due to thiamine
deficiency. Wernicke’s encephalopathy is usually associated
with chronic alcoholism. Other causes include malnutrition,
starvation, malignant diseases, intravenous feeding and
consumption of thiamine deficient diet. Wernicke’s
encephalopathy due to severe Hyperemesis gravidarum is
reported uncommonly with the incidence of 0.1 – 0.5%.[1]
We present here a case of Wernicke’s encephalopathy due to
Hyperemesis gravidarum with intrauterine death who
recovered without any neurological sequelae due to timely
diagnosis and appropriate treatment.

Case Report:
A 29 years old housewife presented to us in the 17th week of
her second pregnancy with the history of altered sensorium.
Further history obtained revealed that she had unsteadiness of
gait few days prior to admission. She was treated as a case of
Hyperemesis gravidarum as she had been vomiting since 8th
week of her pregnancy continuously despite various
antiemetics. There was no history of fever or alcohol
consumption.
On admission she was drowsy and unable to obey simple
commands. Her BP recorded 118/76 mm of Hg. However she
moved all four limbs on painful stimuli. There was neither
meningism nor cerebellar signs. The reflexes were normal
with negative Babinski’s response. Nystagmus was present in
both horizontal and vertical directions but the range of eye
movements were normal. Ultrasound abdomen done revealed
intrauterine foetal demise which was delivered completely by
obstetrician through induction. Based on clinical findings
differential diagnosis of sceptic encephalitis and cerebral
venous thrombosis were thought of.
CSF analysis was normal. MRI Brain plain revealed bilateral
symmetrical T2 and FLAIR hyperintensities noted in medial
thalamus, tectum, mamillary bodies, hypothalamus and
periaqueductal grey matter which was suggestive of
Wernicke’s encephalopathy. MR Venography was normal.
Other laboratory investigations were unremarkable.
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Scan 1: Sagittal FLAIR image shows signal alterations
involving lower tectal plate and mammilary bodies

Sacn 2: Axial FLAIR image at the level of brainstem
shows signal alterations in periaqueductal region tectal
plate and mammilary bodies.
As the clinical signs and MRI findings were consistent with
Wernicke’s encephalopathy she was started with immediate
IV thiamine replacement at the dosage of 300mg/day. There
was no laboratory support for measurement of serum
transketolase activity in the hospital. Her condition improved
gradually over the next few days. Neurological examination
done after 1 week showed remarkable improvement except
for persistent mild ataxia which resolved over 2-3 weeks.
This confirmed the diagnosis of Wernicke’s encephalopathy.
Discussion:
Wernicke’s encephalopathy is a metabolic disorder due to
thiamine deficiency, first described by Carl Wernicke’s in
1881. He first reported a triad of symptoms consisting of
drowsiness, ophthalmoplegia and ataxia in three patients. On
autopsy, he detected punctuate haemorrhages affecting the
grey matter around the third and fourth ventricles and
aqueduct of Sylvius, and designated the term “polio encephalitis hemorrhagica superioris”.[2]

In 1997, Caine et al proposed an operational criterion for the
recognition and diagnosis of Wernicke’s encephalopathy
accordingly; Wernicke’s encephalopathy is recognized if
there are two of the following four signs; (i) dietary
deficiencies, (ii) oculomotor abnormalities, (iii) cerebellar
dysfunction, and (iv) either an altered mental state or mild
memory impairment.[3]
Although most cases of Wernicke’s encephalopathy seen
today are related to chronic alcoholism, it is vital to recognise
other rare causes of this condition, such as systemic diseases
(malignancy,
disseminated
tuberculosis,
acquired
immunodeficiency syndrome (AIDS)), starvation (anorexia
nervosa, prisoners of war, schizophrenia, terminally ill cancer
patients), iatrogenic (refeeding after starvation, chronic
haemodialysis), and persistent emesis such as hyperemesis
gravidarum. The prevalence of Wernicke’s encephalopathy in
a non-alcoholic patient varies from 0.04% to 0.13%.[4]
Wernicke’s encephalopathy in a patient with hyperemesis
gravidarum was first described by Sheehan in 1939.[5] To
our knowledge, very few cases of Wernicke’s
encephalopathy during pregnancy have so far been reported
in the literature.[6]
The mechanism by which thiamine deficiency causes the
focal neuropathology lesions found in Wernicke’s
encephalopathy might be multiple.[7] Thiamine is an
important co-enzyme for three critical enzymes in the Kreb’s
and pentose phosphate cycle: transketolase, ketoglutarate
dehydrogenase, and pyruvate dehydrogenase complex.
Deficiency of thiamine and hence deficiency of these
enzymes result in focal lactic acidosis, cerebral energy
impairment, depolarization of neurons due to n-methyl- Daspartate receptor mediated excitotoxicity. Ultimately, it
results in alteration of blood brain barrier, generation of free
radical, prompting cell death by necrosis and apoptosis.[7]
The body has approximately 18 days of thiamine storage. It is
well understood that thiamine requirements are increased
during pregnancy, and even more by the impaired absorption
due to hyperemesis gravidarum.[8] Thiamine dependence is
also increased in conditions with high metabolic rates and
high glucose intake, and therefore its depletion due to
reduced intake as well as IV dextrose administration results
in thiamine deficiency and Wernicke’s encephalopathy.[9,10]
The treatment for Wernicke’s Encephalopathy includes high
doses of thiamine, 300 mg per day, given eighth hourly for
two days followed by 250 mg per day once daily until the
patient tolerates oral thiamine.[12]
Our patient presented with the classical clinical triad
following intractable vomiting and dextrose administration
without thiamine supplementation. MRI imaging also
detected sensitive neurological changes, raising the suspicion
of an acute stage of thiamine deficiency. These findings were
important for prompt diagnosis and treatment of our patient’s
condition. Indeed there are reports of the usefulness of MRI
imaging
in
diagnosing
cases
of
Wernicke’s
encephalopathy.[11]
Wernicke’s encephalopathy should be suspected in any
nutritionally compromised patient who shows altered mental
status before manifestation of the classical triad as, if left
untreated, it could lead to ever irreversible and persistent
neurological sequela or death. We would like to emphasize
the importance of prompt thiamine supplementation in
pregnant women with prolonged vomiting in pregnancy,
especially before starting intravenous or parenteral nutrition.
We would like to emphasize the importance of prompt
thiamine supplementation in pregnant women with prolonged
vomiting in pregnancy, especially before starting
imtravenous or parenteral nutrition.
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Abstract Appendiceal intussusception is an uncommon pathologic condition; however, villous adenoma of the appendix is
a distinctly rare entity. We report herein a case of appendiceal
intussusception induced by villous adenoma.

not identify any additional disease. A right hemicolectomy
was performed. Pathology examination revealed diffuse villous adenoma of the appendix (Fig. 2).

Keywords Intussusception . Villous adenoma . Appendix .
Colonoscopy

Discussion

Case Summary

Unlike pediatric cases, intussusception in adults is rare, accounting for fewer than 5 % of total intussusceptions and
causing fewer than 1 % of intestinal obstructions [1].
Another key difference between adult and pediatric intussusception is the etiology. Adult intussusception is most often
caused by a definable pathologic lead point [2]. Peristalsis

A 35-year-old man presented to the emergency department
with the chief symptom of nonresolving, cramping abdominal
pain of 10 days duration. He had no past medical or surgical
history. The patient was afebrile with normal vital signs.
Physical examination was significant for abdominal tenderness in right iliac fossa. A distinct, mobile mass was palpable
in the right hypochondriac region with diffuse margins.
Laboratory studies were within normal limits except for mild
leukocytosis (12,000/μL). Ultrasonogram was suggestive of
ileocolic intussusception.
During laparotomy, a diffusely enlarged, erythematous,
nonperforated appendix measuring approximately 5 cm in
length and 2 cm in width was found (Fig. 1). The appendix
was partially intussuscepted at its base and associated with a
small cecocolic intussusception. The apex had a proliferative
mass of about 7 cm in size. The ileocolic valve was intact. The
liver was palpated, and the remainder of the exploration did
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Fig. 1 Intraoperative image of the apex of the appendix with intussusception at the base
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intussuscepts, it pulls its mesentery with it. This can trap the
vascular supply between the intussusceptum and the
intussuscipiens, providing a mechanism for ischemia of the
bowel wall and perforation. Although intussusception tends
to occur more frequently at junctions between freely moving
and fixed portions of the bowel, it may occur almost anywhere
throughout the gastrointestinal tract [3].

References
Fig. 2 Specimen with the growth with distal ileum and cecum

pushes this lead point downstream, causing the intussusceptum
to telescope into the receiving intussuscipiens. As the bowel

1. Azar T, Berger DL (1997) Adult intussusception. Ann Surg 226(2):
134–138
2. Dean DL, Ellis FH, Sauer WG (1956) Intussusception in adults. AMA
Arch Surg 73(1):6–11
3. Stubenbord WT, Thorbjarnarson B (1970) Intussusception in adults.
Ann Surg 172(2):306–310

See discussions, stats, and author profiles for this publication at: https://www.researchgate.net/publication/282426016

Potential Risk Factors for Cardiac Autonomic Neuropathy in Type 2 Diabetic
Individuals in Rural Population of North Karnataka by Heart Rate Variability
Analysis-a Cross Sectional S...
Article in Indian Journal of Public Health Research and Development · October 2015
DOI: 10.5958/0976-5506.2015.00221.1

CITATION

READS

1

91

4 authors:
Dr Sanjay Dattatraya Bhalerao

Sunil Vernekar

Jawaharlal Nehru Medical College

Jawaharlal Nehru Medical College

3 PUBLICATIONS 15 CITATIONS

30 PUBLICATIONS 119 CITATIONS

SEE PROFILE

SEE PROFILE

Manjunath Somannavar

Shivaprasad S Goudar

KLE Academy of Higher Education and Research's J N Medical College

Jawaharlal Nehru Medical College

51 PUBLICATIONS 370 CITATIONS

270 PUBLICATIONS 4,499 CITATIONS

SEE PROFILE

SEE PROFILE

Some of the authors of this publication are also working on these related projects:
EVALUATION OF THE EFFECT OF STRUCTURED EXERCISE THERAPY ON NEURO-PHYSIOLOGICAL AND COGNITIVE FUNCTIONS OF YOUNG ADULTS WITH TYPE 2 DIABETES
MELLITUS - A RANDOMIZED CONTROLLED TRIAL View project
Azithromycin supplementation for reducing the risk of maternal and neonatal infection/sepsis - A-PLUS Trial View project

All content following this page was uploaded by Shivaprasad S Goudar on 22 March 2016.

The user has requested enhancement of the downloaded file.

Potential Risk Factors for Cardiac Autonomic Neuropathy
in Type 2 Diabetic Individuals in Rural Population of
North Karnataka by Heart Rate Variability
Analysis – a Cross Sectional Study
Sanjay D Bhalerao1, Sunil S Vernekar2, Manjunath Somannavar3, Shivaprasad S Goudar4
Lecturer, Dept of Physiology, 2Assistant Professor, Department of Physiology, 3Assistant Professor, Dept of
Biochemistry, 4Professor, Dept of Physiology, J N Medical College, KLE University, Belgaum

1

ABSTRACT
Cardiac Autonomic Neuropathy (CAN) is one of the major complications of Diabetes Mellitus (DM)
since its presence is associated with worsening prognosis and poorer life quality. Heart Rate variability
(HRV) which is early detector and a sensitive cardiac indicator can be used for early detection of
complications among DM patients. The risk of developing autonomic dysfunction in DM depends on
several factors but most of the studies have not reported it evidently. Hence this study was undertaken
to determine the potential risk factors of CAN in T2DM individuals of rural population of north
Karnataka. This study was carried out at three rural Primary Health Centers under administrative
control of Jawaharlal Nehru Medical College, Belgaum, Karnataka, India. The associations of various
risk factors with prevalence of CAN among diabetes individuals were assessed by chi-square tests
analysis. P value < 0.05 was considered as statistically significant. Age, duration of diabetes, gender and
diet were significantly associated with prevalence of CAN estimated by HRV analysis.
Keywords: Cardiovascular autonomic neuropathy, type 2 diabetes mellitus, heart rate variability, risk factors.

INTRODUCTION
Diabetes mellitus (DM) is well known for chronic
complications particularly the triad of neuropathy,
retinopathy and nephropathy, which have a close
correlation with the metabolic abnormalities
characteristic of diabetes. Neuropathy especially
autonomic neuropathy is the most common
complication of diabetes which is not investigated
so frequently. Impaired autonomic regulation
of cardiovascular functioning is an established
complication of diabetes mellitus and an independent
predictor of diabetes-related mortality.1 The
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Mob: +919844493156
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prevalence of cardiac autonomic neuropathy (CAN) is
approximately 25% and 34% among individuals with
type 1 and type 2 Diabetes Mellitus, respectively.2
Early detection of CAN is possible using
non-invasive tests that include analysis of heart
rate variability (HRV), which is derived from
electrocardiogram measures of variability in the
continuous sampling of the R-R interval. HRV is
conventionally quantified by time domain measures
that summaries total variability in the deviation of
R-R intervals from a mean R-R value, or variability
in the differences between adjacent R-R intervals
which is indicative of vagal-heart rate modulation.
Frequency domain measures are obtained by spectral
analysis of recurrent cycles of R-R variation within
established frequency bandwidths that correspond to
sympathetic, vagal and non-neural modulation of the
sinus node cycle length.3,4
It has long been known that cardiovascular
autonomic diabetic neuropathy (CADN) is associated
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with a loss of heart rate variability.5,6 These patients
have a poor cardiovascular prognosis with a 5-year
mortality greater than 50%. Some of this may be
attributed to micro- or macro vascular disease.7, 8
However, a recent study has shown the relatively
poor prognosis of patients with CADN, even in
the absence of clinically detectable micro- or macro
vascular conditions.9 Clinically detectable autonomic
failure is usually evident many years or decades after
the onset of diabetes. It is likely that these patients
develop subtle deficits in HRV much earlier, and these
may include diminution in time-domain analysis.
Detection of such changes may be used as markers
of pathology, particularly to study the benefits of
therapeutic interventions.
Diabetic neuropathy is thought to involve a
metabolic disorder in which there is increased
sorbitol production from glucose and decreased myoinositol content within the nerve, resulting in slowed
conduction velocity. However, like diabetes itself,
diabetic neuropathy is probably a heterogeneous
disorder not fully explained by a single pathogenic
mechanism. As the degree and duration of hyperglycemia do not fully explain the prevalence of
neuropathy, other factors, perhaps both metabolic
and vascular, may be involved in the pathogenesis
of diabetic neuropathy. The risk of developing
autonomic dysfunction in DM depends on several
factors. However, two of them are well established
in the literature and are common to both type 1
and 2 DM: Duration of disease and the degree of
glycemic control. 10, 11, 12 The pathogenesis of diabetic
neuropathy is not fully understood, and its risk
factors remain obscure. Hence, this present study was
undertaken to find out potential risk factors for CAN
in T2DM individuals in rural population of north
Karnataka.

MATERIAL & METHOD
Study design: A community based cross-sectional
study.
Study site and duration: The study was carried
out in three Primary Health Center (PHC) areas
Handignur, Vantamoori and Kinnaye, associated
with J.N.Medical College, Belgaum (North
Karnataka), India during Aug. 2009 to Aug. 2012. The
study was approved by the JNMC Institutional Ethics
Committee.
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Inclusion criteria: Individuals with typical
symptoms of T2DM, physician diagnosed patients
as T2DM (FBG≥126mg/dl), individuals aged 30 years
and above.
Exclusion criteria: -Individuals who declined
for informed consent, not available at home after
repeated visits, pregnant women/who had delivered
a baby weighing ≥4.5Kg, women who had gestational
diabetes, individuals with psychological and
endocrinal disorders.
Sample Size and Sampling Method: The sample
size was calculated based on data from prevalence
study conducted in rural areas of Mysore District
(lowest being 3.8%) which are geographically and
socio-culturally similar to the study area. Considering
error of 1% with 95% confidence level, the screening
sample size was estimated to be 3000.The detailed
sample size calculation and sampling method is
published elsewhere (13). Informed consent was
obtained from the participants. Detailed methodology
for Blood glucose, Blood pressure, Anthropometry
measurements and socioeconomic history and Family
history of DM are published elsewhere. 14

H E A RT R AT E VA R I A BI L I T Y A NA LYSIS
Participants were asked to report to the primary
health center or nearby main sub centers between
9am to 1pm. Subjects were instructed to abstain from
smoking, caffeine, tea and strenuous physical activity
2 hours prior to testing and also avoid taking any
anti-cholinergic drugs and alcohol 2 days prior to
testing on earlier day.

HEART RATE VARIABILITY RECORDING
(HRV)
Participant’s basal systolic blood pressure (SBP),
diastolic blood pressure (DBP) and heart rate (HR)
were measured on the right arm as described by
Walker et al (1992 using a semi-automated BP monitor
Omron digital BP monitor model 11 EM-403c, Tokyo
Japan).
After comfortable strapping and rest for 5 min
on the couch, ECG was recorded using disposable
Ag/AgCl electrodes in standard lead II configuration.
ECG (lead II) recording were done (speed of 25mm/
sec and voltage at 10mm/mV) for 5 min by using
INCO two channel Digital Physiograph Model :EPR2 manufactured by NIVIQUIRE, data acquisition

175

Indian Journal of Public Health Research & Development. October-December, 2015, Vol. 6, No. 4

system, version 56.1.1, Bangalore instrument and
chemicals Pvt Ltd., Model town, Ambala city
– 134003, Haryana (India).A continuous recording of
ECG signal was done for 5 min and suitable sections
were taken out leaving behind the time of onset. It
was ensured that the temperature of the recording
room was maintained at room temperature (22-28)
before and after the E.C.G. recording. Heart rate
variation during normal breathing for a period of 5
minutes was recorded, in supine position, awake and
resting.

DATA RECORDING
ECG data in standard lead II configuration was
acquired using portable ECG acquisition equipment
(Niviqure Meditech Systems, Bangalore, India).The
data gathered was subjected to time domain and
frequency domain analysis of heart rate variability
HRV. Time and Frequency domain analysis was
performed using non-parametric method of Fast
Fourier Transformation. Data was edited manually
for artifacts and ectopic beats. HRV software
(NIVIQURE ECG SOFTWARE for HRV studies Ver.
52.0.0) used a peak detection algorithm to find the
‘R’ wave, which was done at a re-sampling rate of
‘4 Hz’. A minimum of 256 data points was required
to perform a spectral analysis. To attain 256 data
points a duration of 5 minutes of ECG recording was
required. The short term HRV analysis parameters
subsequently quantified into Basal HR(bpm), R-R
interval(ms), SDNN (ms) (standard deviation of NN
intervals), RMSSD (ms) ( square root of mean squared
differences of successive NN interval), pNN50 (%)
(Proportion derived by dividing NN50 by the total
number of NN interval) and HRV Triangular Index
and Low frequency (0.04-0.15Hz) in ms2, High
frequency (0.15-0.4Hz) in ms2,LF (nu),HF (nu), LF/HF
ratio.15

STATISTICAL ANALYSIS
Descriptive statistics was used to assess the
frequency distribution and to estimate the prevalence
in study area. Student unpaired’ test was used
to estimate the mean values of test parameters in
diabetic participants. The association of various risk
factors with cardiac autonomic neuropathy among
diabetes individuals was assessed by Chi-square
test analysis. Odds ratio of potential risk factors for
CAN were calculated by logistic regression analysis.
Statistical analysis was performed using statistical

analysis package for Social Science (SPSS) version
16.0. P-value ≤0.05 was considered significant.

RESULTS
The study included 3000 participants for screening
of type 2 diabetes with response rate of 89.28%
(2684). A total of 474 T2DM (299 known diabetes
and 175 newly diagnosed diabetes) were identified
from the 2684 screened participants, prevalence of
DM being 17.7%. All the 474 T2DM individuals were
tested for cardiac autonomic dysfunction by heart
rate variability analysis.
Table 1 reveals the association of various variables
with SDNN, RMSSD, pNN50 and HRV TI in T2DM
individuals. There was significant association of age
and duration of diabetes with SDNN, RMSSD, pNN50
and HRV TI whereas other variables such as gender,
family history of diabetes, BMI, substance abuse,
central and truncal obesity did not show significant
association with time domain test parameters.
In present study, RMSSD and LF/HF ratio were
considered as predictor variables to estimate the CAN
in T2DM individuals as per the recommendations of
Task Force European Society of Cardiology. Table 1
also reveals that the predictor variable RMSSD was
significantly associated with gender and diet whereas
pNN50 was significantly associated with gender and
HRV TI was significantly associated with diet.
Table 2 reveals the association between various
variables with frequency domain parameters. There
was significant association of LF/HF ratio with age
groups and duration of diabetes whereas there was
no significant association with gender, family history
of diabetes, BMI, substance abused, central or truncal
obesity.
The results of logistic regression analysis done
by time and frequency domain method have been
shown in table 3. Four out of nine variables appeared
as approximately significant predictors of CAN. In
accordance with their importance of participant’s
age, duration of diabetes, diet and gender differences
have shown statistically significant effect on CAN.
Whereas participant’s truncal obesity, central obesity,
family history of diabetes, substance abuse and BMI
did not show significant effect as a predictors for
CAN.
In univariate and multivariate analysis referral
category of age was considered as 30-39. Participants
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belonging to 40-49, 50-59, ≥60 of age group showed
higher risk of developing CAN Multivariate analysis
showed participants with age ≥60 having higher
risk of developing CAN and where as 30-39 age
group has shown least risk for developing CAN. In
univariate and multivariate analysis referral category
of duration was considered as newly diagnosed
diabetics. Participants having duration of diabetes
≤5years and above 6 years showed higher risk of
CAN compare to referral category. Multivariate
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analysis has shown higher risk in developing CAN
in above 6 years category. In diet category vegetarian
diet was considered as referral category for univariate
and multivariate analysis. Participants having nonveg diet shown higher risk factor for developing
CAN. In gender category male was considered as
referral category for univariate and multivariate
analysis. Female participants showed higher risk for
developing CAN.

Table1:- Association of various variables with time domain parameters by Chi-Square test

Variable

Category of
Variable
Newly

Duration of
diabetes(Years)

AGE Groups

Gender
Family History
of T2DM

BMI

Central obesity
Truncal obesity
Diet

Substance abuse

Overall %

detected

SDNN
Ab (%)

RMSSD
P value

8.6

≤5Years

92.1

6-10

HRV TI

Ab (%)

P value

Ab (%)

P value

Ab (%)

P value

3.4

0.001*

6.3

0.001*

25.7

0.001*

94.7

97.4

97.4

96.7

100.0

99.2

98.4

≥11

96.4

99.3

100.0

97.8

30-39

21.7

8.7

8.7

39.1

40-49

18.8

50-59

89.8

88.3

91.4

93.0

≥60

86.6

87.2

87.7

86.0

Male

67.3

Female

61.8

No

58.9

Yes

64.9

64.6

65.7

72.3

≤18.9

60.0

40.0

40.0

40.0

19-24.9

60.2

25-29.9

67.0

67.0

68.4

73.7

≥30

61.8

63.7

63.7

72.0

No

62.5

Yes

65.2

No

66.1

Yes

61.5

Veg

58.3

Mixed

65.5

Nonsmoker

65.0

Smoker

60.8

Nonalcoholic 63.0

≤0.001*

pNN50

≤0.001*

0.234

21.5

70.8

0.001*

0.017*

59.8
0.280

0.614

0.541

60.0

58.3

64.0
66.5

0.400

0.319

0.877

53.9

0.217

64.7

0.012*

62.5

61.2

65.6

0.511

0.357

0.757

68.7
54.8

0.518

65.3

0.100

62.8

0.372

67.4

67.0

70.4

0.342

0.267

0.624

73.0

0.417

69.7
0.089

61.7

0.009*

74.4
0.847

64.3
0.345

73.8

0.001*

72.4

68.2

61.5
0.609

62.1

38.9

69.9

61.5

66.9
0.392

0.048*

65.0

61.1
0.162

70.8

0.001*

61.8

63.3
0.297

22.2

73.1

0.857

67.1
0.089

71.1

Alcoholic

65.6

67.2

71.2

72.0

Total

63.7

63.7

65.0

71.3

0.842

177
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Table 2: Association of various variables with frequency domain parameters in T2DM individuals by
Chi-square test
Variable

Duration of diabetes(Years)

AGE Groups

Gender
Family History of T2DM

BMI
Central obesity
Truncal obesity
Diet

Substance abuse

Overall %

Category of Variable

LF/HF ratio
Ab (%)

P value

Newly detected

1.1

≤0.001*

≤5Years

84.2

6-10

97.6

≥11

97.1

30-39

4.3

40-49

16.7

50-59

88.3

≥60

83.8

Male

66.1

Female

57.8

No

58.9

Yes

61.2

≤18.9

40.0

19-24.9

59.2

25-29.9

63.2

≥30

59.2

No

59.7

Yes

62.0

No

61.7

Yes

59.8

Veg

51.3

Mixed

63.8

Nonsmoker

61.9

Smoker

58.0

Nonalcoholic

59.6

Alcoholic

64.0

Total

60.8

≤0.001*

0.079
0.686

0.645

0.608
0.672
0.017*
0.426
0.387

Table 3: Univariate regression analysis in T2DM individuals by time and frequency domain method
Time domain analysis
Risk Factors

Age groups

Duration of
diabetes

Diet
Gender

Category

Unadjusted
OR

95%CI

30-39

1

-

40-49

2.88

-

50-59

79.10

≥60

Frequency domain analysis
Unadjusted
OR

95%CI

1

-

4.40

-

-

165.73

-

71.22

-

113.79

-

Newly diagnosed

1

-

1

-

5Years

5.07

-

461.33

-

Above 6years

7323.33

3460

-

Veg

1

-

1

-

Nonveg

0.58

0.37-0.91

0.21

0.1-0.44

0.079

Male

1

-

Female

0.64

0.42-0.99

0.38-0.93

0.017*

P value

≤0.001*

≤0.001*

0.017*

P value

≤0.001*

≤0.001*

1
0.012*

0.60
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DISCUSSION
The present study was aimed to evaluate the
potential risk factors for developing CAN in T2DM
individuals. Assessment of CAN was done by short
term HRV analysis. In present study, RMSSD and
LF/HF ratio were considered as predictor variable
to estimate CAN in T2DM individuals as per the
recommendations of Task Force European Society of
Cardiology (15). It was observed that the parameters
of HRV were decreased and parameters of HRV
depicting parasympathetic modulation of heart
were further decreased as compared to parameters
assessing the sympathetic modulation in T2DM
individuals.
CAN, Autonomic Nervous System and HRV
analysis
Cardiovascular autonomic neuropathy (CAN)
occur when peripheral autonomic fibers (sympathetic
and parasympathetic) of the cardiovascular system
(CVS) are affected, thus resulting in neurohormonal
regulation disturbances.In clinical practice, this
modulation is usually assessed by the well-known
study of heart rate variability (HRV), which means an
analysis of spontaneous and induced fluctuations that
occur in HR (or in the electrocardiographic RR interval)
as a result of ANS sympathetic and parasympathetic
activities on sinus node automaticity. European task
force society of cardiology strongly recommends
HRV analysis to be a good indicator test for cardiac
autonomic neuropathy.
Association of various risk factors with time
domain parameters:The present study showed that duration of
diabetes and age were significantly associated with
time and frequency domain parameters, which
indicate that the CAN was more prevalent in diabetics
with longer duration and advanced age. The findings
of this study are in agreement with those of Voulgari
et al., who mentioned that in type 2 DM patients,
CAN has been independently associated with longer
diabetes duration and the presence of microvascular
complications.16 Knuiman et al. studied 179
individuals with insulin-dependent diabetes mellitus
(IDDM) and found that age at diagnosis (younger)
and duration of diabetes (longer) were important
time-related risk variables.17 This may be due to the
fact that as age and duration of diabetes increases in
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diabetes individuals, the hyperglycemias, production
of advanced glycation products, disturbance in
sorbitol pathway and metabolic activities and
increased peripheral resistance due to loss of elastic
properties of vessel have an impact on the nerve
damage which leads to diabetic neuropathy.
In context to gender, the sex differences was
significantly associated with time domain parameters
such as RMSSD and pNN50 parameters showing
parasympthathetic demodulation in males compared
to females,where as it was negatively correlated with
LF/HF ratio . The present study showed that the male
diabetic participants were more prevalent to develop
CAN compared to female diabetic participants. It
was also observed that the HRV parameters were
decreased in correlation to gender. The study
conducted by Robert P. Nolan on 155 female and
106 male participants showed similar correlation of
gender with decrease in HRV component.18,19
In context of diet, it was observed that diet
was significantly associated with time domain
variables as RMSSD and HRV triangular index
showing parasympthathetic deceleration in diabetic
individuals having mixed diet. Similar results were
showed by studies reported by Knuiman M W who
has screened 1218 people having 70% prevalence
of diabetes and estimated prevalence of diabetic
complication in relation with risk factors.17, 21
In present study substance abuse such as alcohol
and smoking, BMI, family history of diabetes and
obesity were not significantly associated with
prevalence of CAN. The present study showed
negative correlation as compared to the study
conducted by Christiansen J S on juvenile insulin
dependent diabetes in the year of 1978 and also
review study conducted by vilink I Aaron in the year
2007.20, 21, 22, 23, 24,25

CONCLUSION
It was also observed that the risk factors such
as advanced age and duration of diabetes were
significantly associated with prognosis of CAN. This
study may be useful in creating awareness of diabetes
and its complication in rural population of this region.
The present study will be useful in local modifications
in planning, implementation and evaluation of the
program on diabetes complication. Therefore, future
research in this direction is a need of hour.
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Alkaptonuria is a rare disorder of tyrosine catabolism. A 6 year old male child presented with history of
darkish staining of the toilet commode following voiding. The urine when kept in a sterile container for a
few hours turned black. Urine examination showed massive amounts of homogentisic acid. Patient was
diagnosed as alkaptonuria.
Ó 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND
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Introduction
Alkaptonuria is a rare disorder of tyrosine catabolism in which
deﬁciency of Homogentisic acid oxidase leads to excretion of large
amount of Homogentisic Acid (HGA) in urine. HGA oxidizes to
benzoquinones, which in turn forms melanin-like polymers in
urine and tissues. Accumulation of HGA and its metabolites in tissues causes ochronosis, with darkening of cartilaginous tissues and
bone. Alkaptonuria has possible consequences like arthritis, joint
destruction, and deterioration of cardiac valves.1 We report a child
who attended the pediatric urology OPD with complaints of darkish
staining of the toilet following voiding.

Case report
A 6-year-old male child of a ﬁrst-degree consanguineous couple
presented to out-patient services with history of darkish staining of
the toilet commode following voiding. This was noticed by the
mother of the child and was a matter of concern. The child had no
other complaints. The child was moderately built and nourished.
Genital examination revealed glanular hypospadiasis. No other
obvious abnormality was noticed on physical examination. The
child was made to void and it was noticed that the urine appeared

* Corresponding author. Tel.: þ91 8312551397.
E-mail address: director@kleskf.org (R.B. Nerli).
URL: http://www.kleskf.org

normal at the time of voiding (Fig. 1a). However the urine turned
dark after exposure to atmosphere within a few hours (Fig. 1b).
Routine laboratory investigations were within normal limits and
skeletal x-rays showed no obvious bony changes. The urine gas
chromatography/mass spectrometry (GC/MS) showed a massive
amount of homogentisic acid. Child was started on Vitamin C
500 mg bid. The patient is under regular follow-up.
Discussion
The urine of an alkaptonuric individual is normal in appearance
while voiding. However, it starts to darken when left standing.
Darkening of urine occurs by oxidation and polymerization of the
homogentisic acid, and its action is enhanced in an alkaline pH.
Diagnosis may be delayed until adulthood, when arthritis or
ochronosis occurs because acidic urine may not become dark even
after many hours of standing. The diagnosis is conﬁrmed by measurement of homogentisic acid in urine or by the high-pressure
liquid chromatography method for the quantitation of homogentisic acid and its derivative benzoquinone acetic acid. Excretion of
homogentisic acid in the urine is usually around 4e8 g daily and its
measurement is also used for therapy monitoring.
Pediatric patients with alkaptonuria are usually asymptomatic.
In our case the patient’s black-colored urine was discovered per
chance by the mother because of presence of urine drops on the
side of the Asian toilet where spillage occurs more commonly than
in Western style toilets. Pigmentation of the sclera or the cartilage
of the ear starts to appear in adulthood. Pigmentation may also be

2214-4420/Ó 2015 The Authors. Published by Elsevier Inc. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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Figure 1. a) Fresh urine sample. b) Dark discoloration of urine when left standing.

seen in the teeth, buccal mucosa, and in the nails or the skin, giving
these areas a dusty color, which is due to slow accumulation of the
black polymer of homogentisic acid in the cartilage and other
mesenchymal tissues.
Arthritis occurs in almost all patients with advancing age and it
is the only disabling effect of this condition. It appears early in large
weight bearing joints like hips, spine and knees. Cardiac involvement includes high incidence of heart disease, commonly due to
mitral and aortic valvulitis. Ischemic heart disease with ultimate
myocardial infarction is a common cause of death.
Treatment of alkaptonuric patients is a challenge. No treatment
has been completely successful. Dietary restrictions on the intake of
tyrosine and phenylalanine substantially reduce the excretion of
homogentisic acid. Ascorbic acid prevents the effects of HGA on

joints.2 Nitisinone has been proposed as potential therapy because
it inhibits the enzyme that produces HGA but at present it is still
under trial and use is limited to adult alkaptonuric patients.
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ABSTRACT
Introduction:Pr''eclampsiaisalryperterrsiveclisorclcr

rndisone,,itlremtrstIe,rclipgc,rrrc\.for.m,rrtsral

and fetal mortaliti, in deyelopirrg cguntries

Aim: objective of this sttrcly was to investip;ate lipicl plofile in rvomen
withpreeclampsia, eclampsia
compared to pregnant women.
settings and Design: District civil rrospritar, Case corrtr.or

,:s

stLrciy.

Material and rnethods: Thc study comprised of 75 cases out of u,lrich
25 lverr: noulal 3 .,r trimcster
pregnant women, 25 womcn ilr thc' 3 'r trimestcr with prceclaurpsia
ancl 25 werc i1 thc 3 ,,r trimestcr.
with eclampsia, altending Distlict Civil Iiospital, Bt:Izaum, Karnataka
(hrdia). Ser.um was used for
evaluation of lipid profile; total Clrolesterol, H|)L-C, Triglycer:icles,
Vi,DL-C, I Dl,-C anci free fany

acid.

Results: There n'as a consistettt significant increase in total
cirolestcrol, triglvccridc, VI l)t.-C arrci
free fatty acid irr both gror-rps as comparccl to pregnant controis (p<
0.00i). \{hcn comparcd v'j tlr
pregnant controls, there was a consrstent significant increase in
LDI -C in pre-eclanrptic (p< 0.05) arrci
eclamptic grottps (P< 0.001). FIDL-c levels in 3"r trimester preeclanrptic
and eclamptir worlen w,ere not
significa,tly dillerent as compared to 3"i tr:imester pregrrant womcrl.
Conclusion: Pregnant \4romc]l rr4to clevclop pre-eclampsia hacl irrr;riliped
lipid profilc clne to;bno.,al
lipid metabolisrn' This appears to bc of imrnense vaL,rt: in r-rnclerslancling
the pathological pr:or:e:ss of
preecla nrpsia/ecl

a

rripsi a.

Ikywords: Liytitl prt[iltt, Prauttanty, triiltltcriit., pt.c_1,(lnntlsin.

INTR ODUCTiON
Preeclampsia is one of tlre rn(r\t jeacling cause
for matelnal and fetal moltalit,v casc,s worlciwide
per yearr. Pre-eclartrpsia is a fl:egnancy-speciFic
condition potentially itFfecting both mother and Iclr.rs
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its assoclatcd of altered scrLur lipicl pnrti)e is
tvell documer:tecl2. Pr:eeclanrp.sia is characterizecl by
hyPertcnsion, eclema and protr,:iuu ria. Ecia rrrprsia is
corrt,uisit,e forrl of' preeclatlpsia that affect.s 0.1,X, ol
all pregnancics. \A/ornen tvith prccclamprsia are pr.onc
anc"l

to the

d

evelop nten t o I cereLrror,a scu

la r, c.r rd iitr,.rsr:rr l.t

r

as rr.,ell as othcr fetal and matcrnal r:ornprlications r.r.

I'Iypothescs to ctiology of prt:cclampsi.r crrc
cr-tlrently prevailing irr present ,-luy IiteratLrr.es
st-tch as genctic, placental iscircrnia and oxiclaiivc
stress. Predonrinarrtiy the dyslipiderria is ioLrrrcl
to bc associatcci rr,,ith preeclampsra. Arr abnormal

lj

+0

ltt.l.tlt l;trrn,t[

r,.t

l,,l,lic Ilctrlllt

llc;t',rr.lt

S

Dco;101.'ttttttr Oclolt,'r-D;c,tnbcr

2t)l\,Val 6, No

4

i,

lipid pr:ofile is krrolr,n to be strongly associatecl Exclusion critcri.a: Women with diabetes mellitus
with proatherogellic lipid'profi1es irrdicating high under rnedir-ation and untrerted diabetes, obese
t:isk for: corollarv arterv disease'ss, Ilnclotheljal womel1, womcn witll st'\'erc anemia (<6'0g'/" of
dy sfunctiorr mav play a pivotal role

i11

developtnent Hb), alcolrolic,
disor:der

provokc enrlothelial chatr6;es, inclr"icling
lipop1o1u1r",u

ar'ld lvorllen suffering from any other
fronr the study.

altet'ed

Nonc oI
meclication

t'

Irr tlre present str.tdy \ /e me.lsLlred Iip-:id profile in
!\/ot]len \,vit]l prc.eclarlpsia, eclanrpsia and compare
witLr that of
investigate t):re possihle rr:le of tipid pr:ofile irr above

said gLoups.

MATERlALS & METHO D
The present stndy lt,as carr:iecl out jointly by
thc Dcpartnrent oi }Jiochemistry and Obstetrics and
C1,ncc.1trrr, 'I'hc stuciy protocoi was approvcd by
t:thical com:nittee.

'l'he str-rdy conrpr:ised of 75 worncn groupecl

rcceived irntihypertensive

the stud1, sample was taken. Blood

proteinuria were determined at
5ml of blood sarnple was drawn
and collected in a heparinized tr-rbe.
Scrr-rm was scparatcd by centrilugation art 2500 rPm
for: 20 rnin. H,ach serLlm sample obtained from all
abovc mentioned group-rs was evaluated for lipid
profile: Total Cholesterol B, HDt,-C, Triglycerides e,
VLDL-C, Frce fatty acidl0 and LDL-CI1. Results were

test lvas performed. Significance level was kept at
as

0.05.

u11dcr;

RESULTS

A- 25 nonrr al hcal thy 3 "r trimcstt:r prcgnant
\\1onre11 without preeclampsia
C rou p

The

(ir:oup B -25 u,onren

irl tlreir 3''i lrirnester witir

li:erclan'rpsia

CroLrp C-25 u,omen

in their 3''l lrimestet: with

t'cl,tIl1r5i;1,

Informed consent was takett froll individr-ral
The subjects selecled for the present
studv u,ere attending and admilted to District Civil
Ilo.spital, whosc argc ranged fi'om 20-40 ye:ars iurd
r.r,er(: ol lclrv socioeconotnic statrls '"vhich lvas based

.sLrbjects.

on lovv incomc.

lnclusion critclia: Thc str"rdy consists

of

3^r

trirlester nornral pregnJnt worltett, 3"r Lrimester witlr
precclampsia and r,r,orncn with cclampsia diagnoscd
basecl on detinition of ACOG 7 :1) Systolic blood
prcssLrrc grc.atcl tharr 40 mm IIg or i'r rise of irt least
l() mr.n l1g or 2) Dirstoiic bloocl pt:esslrre greater thalr
90 nrrl l: lg ol risc oi at least lS nrm l'{g (rnanifested
'1

on t\,\,o occasior.rs ai least (: hours apart), and 3)
Proteinr-rria of 300nr;1 or: greatc'r irt 24 hour ut.itre
collectiorr or proteiu concentration oi 1gm/Liter (on
tn,o occasions al ieasi (i hour:s apart). Subjects r,r,ith
norn-ral pregnancy \ /cre normotcnsir,'c and hacl no
p

roteirr

u

ria,

ot the tlrree groups at'e
in 'lhhle no l. Llonsistent significant

cl.raracteristics

summarized
p

t

SD. Comparison of mean values
of study grolrps was pcrformed by ANOVA [F testl,
To find the intergror-rp difference Bonferroni post-hoc
expressed as mean

increase jl total cholesterol, triglyceride, VLDL-C
and free fatty acicl rvas observed in both grouPs as
coLnpared to plegnant controls (P< 0,001). There
lvas a consistent significant incr:ease in LDL-C in 3"r
trimcster preeclarnpiic (p<0.05) and eclarnptic groups
(p<0.001) as compar:ed to pr:egrrant controls. HDL-C
levels in 3''1 trimestcr prceclamptic and eclampiic

l rorilen was not significant as cotnpared to 3''
trimcster pregnan t \,vomen.

DISCUSSION
'Ihe present study evaluatcd the role of lipid
profi le in norr:ra I pregnant, preeclarnptic and
cclarnptic womcn. Lipid metarbolism is dramaticaliy
alter:ed duling pregr')ancy as ret'lectecl in a marked
hypellipidemi;r. Anlong those in whom pre-eclampsia
develop- an additionaiclrarlge in the lipid metabolism
seems to be preserrt because the plasma levels of
triglycerides are furil.rer increased as compared with
normal pregllancy. Normal pregnant women have
hyperlipidenria crren rnore so in women with preeclampsia sLLggestill g that abno

may have a lole

r:tna1

lipid metabolisrn

in the gencsis or expression

of
preecla:npsia. Kharb S. et al 12 repor:ted that serttm
cl'iolestcrol and triglyceridc lcvels werc significantly

i.r

#

i.i,

.,

oJ'PubticlTealthRescarch€rDeuetoptnmt.Ctctober-l)ttcenrhar2als,vol.6,No

in normal pregnant women as compared to
non-pregnant controls and furthel increased levels
were obselved in pre-eclanrptic patjents compared
raised

to normal health1, pregnant, ()ut. results showed a
definjte increase in the levels of lipicl proFile both in
norrnal and toxaemia of pregnancy. In the present
study Serum tr.iglvceride arrcl tota I clrolesterol
concentration rise more significantly in 3,.r trimester
pre-eclampsia women when compaled to 3'd trimester
pregnant \ /oman.nhich is similar r,rrith the findings of
many ra,orkersrlr4, Lligh triglyceride levels seem to

irtcrease the risk

of placetrt.rl vascular

disortlersr5.

in t)re hepatic lipase activity is seen during
pregnancy which is responsible for: tl.re increased
svntiresis of the tr:iglycerides at the hepatic Ievel.
In pre-eclampsia due to r.educed placetrtal uptake
and the associated dccrcasc oi liproplslcin lipolysis
mar, result in the accumulation oi'I'riglycericle rich
rcmnant lipoploteils in the maternal circr-rlatiour6.
lncrease

VLDL-C levels incrcased in preser",t ntray in both
preeclamtic arrd ec)amptic group as compared to
normal pregnant \,\/omc11. This increase in VLDL_C
is due to hyper:triglyceridemia ieacling to enhanced
entry of VLDL-C that carric's enrlogenons triglycer.ide
into blood ci rculation.

in levels of HDL-Cholesterol may
hamper over all rcverse cirolcsterol transport
Decrease

system were b1z poterrtiallir harm[r_rl cl.tolesterol fr:om
peripheral tissues is rrot tr;rnsprel.fsd to the liver,

+

it can be excreted. Itr our studv a rieclease
irr HDL-C irr 1.rt:eeclarlrpsia ancl eclamptic group as
compaled to nor:mal wolTten \{as seel.l Lrut r,r:as not
sisr ifrlcant, Irr preeclar:rrpsia tlrer.e is a fall in estrogerr
li:vels and also irr insulin resistance as contprat.ocl to
normal pregnarlcy u,hich is lii<erly to cause fall in level
oi IIDL-C,.
Frce fatt1, acid con'centr"rLion irr orrr sttrcly lla,<
tolrnd to be significarrtly iuo:easecl in preeclamptir:
g1'oup n4rich may be the resull of enhanced lipoi-vtic
activi0, of the ser:a of women r.r,ith pr:e-eclarnpsia. In
pr:e-cclampsia incrcased frec fatt1, acicl flux in [atc,
p1'egrlalrc)/ may promotes tlre excessive svnthe sis oJ
hepatic triqlvcerides and th us VLDL, hypc,r.scr.i-e.tj on
Significarrt riscs itr the L,Dl,,C Icveis i,r,erc sccn nr
orrr str.rdy iir pr:e-eclamptics as cornparecl to cotrtrol-s
and these r:esults ar:e in agr:eentetlt with resir lts ol,

other workersr8. In pre- eclampsia, predisL.rosed
vessels are lil<elv to get dep<..sitecl u,ith incrcased
triglvccride dircctlv arrd int-lircctiv lhrough incrcastrci
generation of srnali dc.nse I_lf l_ vvhiclr
corrtributes to
endothelial d),sfrurction5. Oxicliscd LDL has grcatcr

capacitl, to uromote trctivation of platelets n,ith
resnltaut crrhanccd thromboxanc rcleasc. \zi;rnir of
thr:se changes in t:uclothelial cell ancl prostrrglandin
synthesis have been documeutcci ancl implicatcc.l
in the pathogenesris of pr:e-eclarnpsia. Hence, iliesc
finrlings suggest that endotlrelial dysfurrctiorr of
;rreeclampsia is caus;rlly relateci to and exacerbated bv
alteratjons irr Lhe nretabolisrn of free fatty acids.rrrtl
lri;;lyccridc.

Table No 1' Total cholesterol, rIDL-C, Trigleceraldehide, VLDL-C,
LDL-C and I;ree fatty acicj levels in
the normal 3rd trimester pregnant contlols, 3rd trimester preeclamptic
rvomen and 3rcl trimester eclamptic
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Tumor budding is a potential histopathological marker in the
prognosis of oral squamous cell carcinoma: Current status
and future prospects
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Abstract

Tumor budding (TB) is a histopathologically evident feature that represents a scattered pattern of invasion
consisting of isolated single tumor epithelial cells or tumor cells in small clusters (up to 5 cells) seen primarily
at the invasive front dispersed within the stroma for variable distance. Presence of TB has been linked with
lymph node metastasis, recurrence, distant metastasis and reduced survival in numerous cancers including
oral squamous cell carcinoma (OSCC). Tumor buds are also considered as histopathological markers of
epithelial–mesenchymal transition which is a molecular process implicated as a hallmark for invasion and
metastasis. This review gives an overview of the current evidence regarding TB assessment in OSCC and
its future prospects.
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About 90% of oral malignancies are oral squamous cell
carcinoma (OSCC) and it has been stated to be the sixth to
eighth common cancer worldwide, the occurrence of which
is reported to vary among different geographic regions. In
India, it has been categorized as the third most frequent
malignancy and has reached dangerous trends due to the
extensively prevalent tobacco and areca nut habits.[1,2]

the cases have cervical lymph node metastasis (LNM) at
presentation.[3] In most cases, the management protocol
usually consists of surgery with radical neck dissection;
postoperatively, radiotherapy is recommended. In spite
of the massive strides seen in the research related to the
diagnostic modalities and management aspects of OSCC,
the mortality rates are still dismally low with 5‑year survival
rate being <50%, questioning the existing approaches of
prognostic appraisals.[2,3]

The prognosis is usually not very predictable as the
clinical course is typically aggressive characterized by
frequent locoregional relapses and more than 60% of

The conventional method for determining the prognosis
and stratification of the patients into suitable management
schemes is based on the tumor–node–metastasis (TNM)
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staging system.[3] However, the uncertainty of being
dependent on TNM solitarily has been proven by quite a
few reports that suggest that early‑stage tumors, i.e., T1
and T2 tumors may show lymph node metastases and
demonstrate aggressive behavior leading to mortality.[3,4]
Various histological markers that have been shown to
have prognostic impact including tumor differentiation,
thickness of the tumor, pattern of invasion, depth of
invasion, lymphovascular emboli, perineural invasion,
regional LNM and extracapsular spread in the lymph
nodes are usually evaluated routinely and stated in the
histopathology reports.[3,4] In addition, enormous amount
of molecular studies have been done in OSCC for the
identification of biomarkers that can predict the prognostic
outcomes for OSCC; however, none of them have shown
convincing results with lot of ambiguity seen in the
results and there is insufficient evidence regarding their
usefulness which precludes their use in routine practice.[3]
Hence, the quest for a more dependable and consistent
prognostic parameter is still tangible. The elusive parameter
if identified would allow improved categorization of the
patients, based on the aggressive behavior of the tumor and
ultimately offer a guide for more effective and personalized
therapeutic options. One such important prognostic
parameter widely described in several cancers, but has been
most comprehensively researched in colorectal carcinomas,
is tumor budding (TB).
TUMOR BUDDING

TB is a histopathologically evident feature that represents
a scattered pattern of invasion consisting of isolated
single tumor epithelial cells or tumor cells in small clusters
(up to 5 cells) seen primarily at the invasive front dispersed
within the stroma for variable distance[5] [Figure 1].
It was originally described as “sprouting” by Imai et al. in
the 1950s, but the earliest detailed description is credited
to Gabbert et al. who identified these isolated tumor cells
and clusters at the invasive front in colorectal cancers.[6,7]
They termed this feature as “tumor dedifferentiation” as
these areas appeared to be less well differentiated exhibiting
large nuclei showing loss of junctional complexes and
desmosomes as evidenced in electron microscopy. It was
much later that Morodomi et al. and Hase et al., who gave
the terminology of “budding” because they observed
that these undifferentiated cells and nests appeared to be
budding out from larger tumor islands.[8,9]
TB is an important refinement in the pattern of invasion
and is a morphological feature that represents an aggressive
invasive phenotype, i.e., loss of cell adhesion and local

a

b
Figure 1: (a) Shows the tumor buds proliferating into the underlying
connective tissue at the invasive front of oral squamous cell carcinoma.
(b) High power view of the tumor buds i.e clusters having less than 5
tumor cells (black arrows)

invasion. Consequently, it has been related to aggressive
behavior of the tumor and has shown a definitive
correlation with poor prognosis. This has contributed to its
popularity as it is relatively simple to use and can be assessed
on routinely used hematoxylin and eosin (H&E)‑stained
section and does not mandate use of any other additional
expensive techniques or equipment.[9,10]
High TB count has been linked with LNM, recurrence,
distant metastasis and reduced survival in numerous cancers
such as colorectal carcinomas, pancreatic carcinoma,
esophageal carcinomas, lung carcinomas, anal carcinoma
and laryngeal carcinoams.[9‑14] In colorectal carcinoma, TB
has been well recognized as prognostic factor for adverse
outcome and has classified as an “additional prognostic
factor” by the International Union against Cancer.[15]
TUMOR BUDDING IN ORAL SQUAMOUS CELL
CARCINOMA

TB has been evaluated in several studies in OSCC with
numerous studies evaluating this parameter in tongue
SCC.[5,10,11,16‑25]
Studies have shown that TB is a powerful prognosticator for
LNM. TB has shown a strong correlation with LNM, and
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in multivariate analysis, it has emerged as an independent
predictor which means that tumor bud count can be used
to assess the risk of LNM.[8,11,21,25] Further higher budding
intensity has been associated with LNM even in early
stage and node negative OSCC (T1,2N0 M0).[10,11,17] Seki
et al. evaluated TB in preoperative biopsy specimens and
showed it to correlate with LNM in tongue and floor of the
mouth SCC.[26,27] Pedersen et al.[8] and Angadi et al.[25] have
demonstrated the use of a risk model involving tumor bud
count for treatment decisions and showed that it performed
markedly better than traditional parameters such as tumor
stage, grade and depth of invasion in determining LNM.
In a recent meta‑analysis by Almangush et al.,[11] it was
evidenced that high TB intensity of more than five buds was
significantly correlated with shorter disease‑free survival
and reduced overall survival. It has also been demonstrated
that this poor prognosis associated with high tumor bud
count is independent of the TNM stage. Thus, if there are
two patients falling in the same TNM stage, the tumor that
shows high TB index will have poorer prognosis which
emphasizes the importance of this process. Further, high
tumoral budding (TB) score has been strongly associated
with disease‑specific mortality in large series of early‑stage
OSCC, highlighting its prognostic value.[10,11,24,27,28]
In addition, TB has shown a strong correlation with tumor
grade, tumor size, clinical stage and depth of invasion.[10,11,25]
METHODOLOGICAL CONSIDERATIONS IN THE
ASSESSMENT OF TUMOR BUDDING IN ORAL
SQUAMOUS CELL CARCINOMA

There are usually two methods of assessment, i.e., manual
and digital method which can be done on either
H&E‑stained slides or on immunohistochemically stained
slides for pan cytokeratin (CK).[10,11,29-31]
Manual and digital methods

The most common method used is the manual evaluation
of TB on H&E‑stained slides. Several approaches have
been suggested by numerous authors with varying
parameters being proposed for categorization of TB
intensity ranging from absolute counts to cutoffs and use
of three‑tier or two‑tier system for its grading.[8,10,11,32‑36]
However, in OSCC, the most accepted and widely used
method is that proposed by Wang et al. in 2011.[5] In this
method, the TB are defined as “isolated single cells or
clusters <5 tumor cells seen at the invasive front.” Here, the
section is first scanned at low power objective to identify the
fields showing highest density of TB. Then, in high power,
i.e., ×20 objective, the tumor buds are counted in a single
field at ×200. The samples were then categorized as high
320

intensity TB (5 or more buds) and low intensity or absent
TB (<5 buds). This was also corroborated by Almangush
et al. in their systematic review, who said that a cutoff of
5 buds is widely accepted for OSCC.[11]
Digital method for TB assessment has been introduced
recently and uses a quantitative, semiautomatic digital image
analysis algorithm using a software are called Visiopharm
image analysis (Visiopharm A/S, Hoersholm, Denmark)
that evaluates the tumor buds in CK stained slides. This
image analysis module is based on colour thresholding
applied for the brown signal emitted by the positively stained
areas by chromgen used in immunohistocehemistry (DAB)
and thus clearly distinguishes the stained areas from the
unstained ones. They standardized that t the positively
stained areas that were <950 µm2 represented cell clusters
composed of less than five cells and thus were measured
as tumor buds. These areas were counted to arrive at the
digital tumor bud count. This method has been used by
Pedersen et al.[8] and Jensen[21] et al. and have shown good
correlation with prognostic factors.
Use of Hematoxylin and Eosin stained sections or
cytokeratin immunohistochemistry

In most studies the scoring for tumor buds has been done
in H&E stained sections.[10,11] The IJCC Recommendations
given for TB appraisal in colorectal carcinoma endorses
use of H&E stained sections underscoring its adaptability
to routine use and worldwide utility.[29]

But there may be certain situations, where the evaluation
may be difficult in H&E section and mandate use of CK
Immunohistochemistry for better visualization. These
include: excessive peritumoral infiltrate may make the
tumor buds indistinct. There may be excessive stromal
reaction and the stromal fibroblasts may appear large and
atypical on high power and this may lead to problems in
distinguishing them with tumor cells. Further, single cell
budding are usually inconspicuous in H&E assessment.[10,11]
The advantages of using CK include shorter working
time, lower difficulty, greater replicability and it has
produced significantly better reproducibility as well as
inter and intra‑observer agreement as compared to H&E.
It fared especially well when used by less experienced
examiners.[22,24]
Having said that, there are several studies that have shown
good reproducibility even with H&E assessment of TB
in OSCC. So at the present scenario, we recommend
TB evaluation to be done in routine H&E stained slides
whereas CK immunohistochemistry can be applied in
selected cases and circumstances.[5,10,11,25]
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Preoperative or postoperative biopsy for assessment of
tumor budding in oral squamous cell carcinoma

In most studies, TB has been evaluated in the excisional
specimens that show the entire depth of the tumor tissue
allowing easy evaluation of the invasive front. However,
Seki et al.[26,27] have evaluated this parameter in preoperative
biopsy specimens and have shown good correlation
with not only postoperative tumor bud count. It has to
be noted that if TB has to be evaluated in preoperative
biopsy specimens, the surgeons should take a large biopsy
that includes the deepest part of the tumor to visualize
the invasive front clearly which may nor be feasible most
of the times. A recent systematic review has shown that
preoperative TB has significant prognostic value for LNM,
overall survival and disease free survival. This could be
beneficial especially if we can predict the aggressiveness
of the tumor preoperatively and apply it for therapeutic
considerations.[30]
Peritumoral budding and intratumoral budding in oral
squamous cell carcinoma

TB evaluated at the invasive edge is referred to as
peri‑TB,[10,11] and if the tumor buds are evident within
the lesion, it is referred to as intra‑TB (ITB).[35] Although
ITB has not been studied extensively in literature, several
authors have described bud‑like structures in the main
tumor mass in colorectal, breast and rectal cancers to name
a few.[29,35] In colorectal carcinomas particularly, it has been
shown that ITB has good correlation with peri‑TB, tumor
grade, advanced stage, LNM and distant metastasis.[9]
Studies in OSCC do not exist, but if evaluated and found
prognostically useful, preoperative assessment of ITB even
in shallow biopsies may serve as an important marker to
be included in routine histopathology reporting.
Tumor budding and grading systems in oral squamous
cell carcinoma

Almangush et al.[16] developed a budding and depth of
invasion (BD) model and have shown good prognostic
value for the same as compared to other commonly
used grading systems. In addition, they also found good
correlation between preoperative and postoperative BD
scores. They suggested that it is a simple and predictive
grading system for OSCC patients.
Boxberg et al.[17,18] have developed a novel three‑tiered
grading system combining the TB activity and the
cell nest size scores. This system showed a significant
prognostic impact with strong correlation associated with
LNM. Further, they have shown good interobserver and
intraobersver concordance for the same, suggesting it to
be suitable for grading of OSCC routinely.

TUMOR BUDDING AND EPITHELIAL–
MESENCHYMAL TRANSITION IN ORAL
SQUAMOUS CELL CARCINOMA

TB is strongly linked with epithelial‑mesenchymal
transition (EMT) which is an important biologic process
characterized by conversion of a highly polarized epithelial
cell into a motile mesenchymal cell which is a hall mark for
invasion and subsequent metastasis. EMT involves changes
in cell adhesion, cell shape and gene expression and has
been related to poor prognostic outcome in OSCC.[9,10,11,21,37]
Wang et al. [5] suggested that TB may represent cells
undergoing EMT as they showed reduced E‑cadherin
expression and elevated vimentin expression in tongue
squamous cell carcinoma. In addition, Jensen et al. have
demonstrated enhanced expression of ZEB1 and PPRX1
genes, both renowned EMT stimulators in tumor buds
using RNA sequencing. [21] They also demonstrated
significantly elevated transforming growth factor (TGF)‑β
signaling and the genes responsive to TGFβ for EMT
such as FN1, PRRX1 and COLA2. They suggested that
there is a definitive association between tumor buds and
activated TGF‑β signaling leading to EMT.[21] In addition,
identification of Mir 200 downregulation in tumor buds
which is a part of reciprocal feedback loop in EMT related
to ZEB1 validates these findings.[21] Thus, tumor buds can
be considered as histopathological markers of EMT.[9]
OTHER MOLECULAR FINDINGS RELATED TO
TUMOR BUDDING IN ORAL SQUAMOUS CELL
CARCINOMA

•

•

•

A strong association was observed with high‑intensity
TB and high cell proliferation index. Hence, cell
proliferation is higher in OSCC that shows budding
phenomenon[38]
ALDH1, a cancer stem cell marker, was elevated in
budding area as compared to areas outside that of
budding. This suggests that tumor buds in OSCC
have cancer stem cell‑like phenotype predisposing to
migratory and invasive properties[23]
Tumor microenvironment – The tumor micon
evironment plays an important role in defining the
aggressiveness of a cancer. It has been found in
OSCC that the high density of TB was associated
with enhanced expression of stromal myofibroblasts/
carcinoma‑associated fibroblasts which provide a
conducive environment for the development of
invasive phenotype in the budding tumor cells.[39]
Further, a positive association between high‑intensity
TB and higher lamain‑5 C2 expression was noted by
Marangon et al.,[40] suggesting that this molecule is
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capable of generating a migratory cell phenotype giving
a permissive environment for invasion to occur.
APPLICATIONS FOR CLINICAL PRACTICE

•
•
•

TB evaluation in OSCC can be used as a predictor of
LNM and thus used for planning surgical resection
with radical neck dissection
TB evaluation in early‑stage SCC and node‑negative OSCC
can give a clue for adverse prognosis and thus can be used
for risk adjusted follow‑up or to plan adjuvant therapy
TB evaluation can be done in preoperative biopsies
for the determination of aggressiveness of the tumor
and adequate treatment planning.

IS TUMOR BUDDING A CONTENDER FOR
ROUTINE DIAGNOSTIC USE?

•

•
•

The recent systematic review in OSCC, has shown
a strong prognostic association between TB and
LNM, distant metastases as well as survival. It could
be adapted as a routinely assessed prognostic marker
and mentioned in histopathology reports with its
prognostic implication
The evaluation can be done in H&E slides; however, in
situations as discussed previously, CK‑IHC can be used
The Wang et al.’s methodology, i.e., a cutoff of five
tumor buds in a single high‑power field, can be used
and propagated so that future research adds to uniform
reporting and leads to early clinical translation.
[11]

FUTURE PROSPECTS

•

•
•
•
•

Muticentric studies evaluating the role of TB in
OSCC using standardized methodologies can result
in validation of the existing findings and may propel a
recommendation in OSCCC similar that in colorectal
cancers for clinical decision‑making
Research on the use of ITB both in preoperative and
postoperative tumor specimens need to be explored
in OSCC
Studies on molecular profiling of tumor buds to obtain
a clearer understanding of the molecular background of
TB and their effect on tumor behavior is necessitated
Development of uniform guidelines for reporting of
TB in pathology reports for OSCC
Incorporation of TB as a parameter in grading systems
to evaluate its prognostic potential.

CONCLUSION

Tumor buds are a cluster of tumor cells that are more
invasive than the other and represent an aggressive
322

phenotype that shows an increased risk for LNM and
distant metastasis. There is well‑documented evidence
which corroborates the fact that elevated TB activity is a
harbinger of poor prognosis in OSCC. At the molecular
level too, TB represents EMT which is an important
biologic process implicated as a hallmark in carcinogenesis;
however, additional studies may be needed for elucidation
of its molecular profile. Research henceforth in TB should
aim at using a standardized methodology that may lead to
development of uniform guidelines in reporting and use of
TB in routine pathology reporting. We are of the opinion
that it is certainly time to take notice of this important
phenomenon and TB seems ready to have a vital role in
clinical decision‑making for the management of OSCC.
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Abstract: Glucose transporters, such as GLUT-1,
mediate the important mechanisms involved in
cellular glucose influx, allowing cells to proliferate
and survive. The significance of GLUT-1 expression
in oral epithelial dysplasia (OED) and oral squamous
cell carcinoma (OSCC) has been less explored, and
no study has investigated it in relation to verrucous
carcinoma (VC). We evaluated 30 cases each of OED,
OSCC, and VC, graded further on the basis of their
differentiation, immunohistochemically for GLUT-1
expression, along with 10 specimens of normal oral
mucosa (NOM) as controls. In OSCC, GLUT-1
expression increased with the degree of dysplasia
and increasing grade (P < 0.001). The expression in
VC was predominantly membranous and intense,
resembling well differentiated OSCC. This increase
of GLUT-1 expression in OSCC along with the
degree of dysplasia and the histologic grade reflects
the expanding glycolytic response to hypoxia. This is
the first study to have revealed prominent GLUT-1
expression in VC, highlighting its inherent metabolic
capacity. (J Oral Sci 57, 115-122, 2015)
Keywords: GLUT-1; oral epithelial dysplasia;
oral squamous cell carcinoma; verrucous
carcinoma; histologic differentiation;
glucose transport.
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Introduction

The complex process of oral carcinogenesis is characterized by accumulation of numerous mutations, and genetic
and epigenetic aberrations of various genes with diverse
roles, particularly the oncogenes and tumor suppressor
genes that subsequently serve as the biological hallmarks of cancer (1). Oral squamous cell carcinomas
usually follow clinically detectable premalignant lesions
including oral leukoplakia, erythroplakia, and oral
submucous fibrosis, which histologically represent the
process of oral epithelial dysplasia (OED) (2).
OED is the histological manifestation of potentially
malignant lesions, for which the rate of progression to
oral squamous cell carcinoma (OSCC) reportedly ranges
from 6% to 36% (2,3). Although OED is diagnosed
on the basis of morphological analysis, it is important
to recognize that not all cases of severe dysplasia may
lead to squamous cell carcinoma, and that paradoxically even mild dysplasia can become malignant, thus
emphasizing the fundamental importance of knowledge
about the molecular pathophysiology of these lesions (3).
Alteration of the normal oral mucosa (NOM) to OED,
and ultimately to OSCC, represents an intricate process
involving interplay of several pathogenetic factors (4).
Accordingly, the molecular events that orchestrate these
changes have been a focus of considerable interest (5).
One such important molecular event in carcinogenesis
that could affect the metabolic capacity of tumor cells is
the development of a glycolytic phenotype in response
to hypoxia.
GLUT-1 is a glucose transporter that facilitates the
transport of glucose into cells, thus helping to regulate
energy metabolism, especially in tissues where energy
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supply is inadequate (6). Cancer cells require high energy
levels via glycolytic generation of ATP, which enhances
their proliferative potential and survival capability. In
malignancy-associated cachexia, GLUT-1 overexpession supports increased tumor proliferation at the cost of
host tissues. Consequently, GLUT-1 overexpression has
been associated with the malignant transformation and
progression of several cancers (6).
GLUT-1 is normally expressed in the membranes of red
blood cells, brain capillary endothelium, perineurium of
peripheral nerves, salivary gland ducts, and the germinal
centers of lymph nodes, where it is demonstrable by
immunohistochemistry (7).
It has been suggested that altered GLUT-1 expression is
the initial change evident in not only OSCC, but also nonsmall cell lung carcinoma and various other carcinomas
including those of the esophagus, colon, colorectum,
stomach, breast, uterine cervix and pancreas, being
positively correlated with aggressive tumor behavior
and poor prognosis (8). Furthermore, enhanced GLUT-1
expression has been noted in premalignant lesions (9).
Although the metabolic consequences of increased
glucose transport associated with enhanced GLUT-1
expression are still unclear, its clinical implications
in numerous malignancies have been suggested (8).
Although GLUT-1 overexpression is consistently evident
in patients with head and neck squamous cell carcinoma,
its prognostic value has not been analyzed systematically, particularly in the context of OED and OSCC (7).
Furthermore, no previous study has investigated this
endogenous hypoxic marker in verrucous carcinoma
(VC), a less aggressive counterpart of OSCC showing
specific clinicopathologic features and molecular
changes. The present study was conducted to assess the
immunohistochemical expression of GLUT-1 in normal
oral mucosa (NOM) in comparison with varying degrees
of OED, and different grades of OSCC and VC.

according to the WHO 2005 criteria (10). The OSCC
cases were graded according to Broder’s criteria into
well differentiated squamous cell carcinoma (WDSCC)
(10 cases) moderately differentiated squamous cell
carcinoma (MDSCC) (10 cases) or poorly differentiated
squamous cell carcinoma (PDSCC) (10 cases) (11). These
cases of OED, OSCC, and VC along, with NOM, were
then subjected to immunohistochemistry for GLUT-1.

Materials and Methods

Immunohistochemical analysis
GLUT-1 expression was expressed as the percentage of
positivity (score 0, absence of expression; score 1, 1-25%
of the cells showing positivity; score 2, 25-50% of the
cells positive; score 3, >50% positive expression), intensity of staining (0, no expression; 1, mild expression,
i.e., less than that of the control; 2, intense expression
similar to that shown by the internal control endothelial
cells), and location (0, no staining; 1, membrane only; 2,
cytoplasmic location; 3, nuclear expression; 4, combination of membrane and cytoplasm). Additionally, in OED,
the extent of GLUT-1 staining in the epithelium was also
evaluated (0, absent; 1, expression limited to the basal and

Tissue material
This study was approved by the KLE VK institute of
Dental Sciences, Belgaum ethics committee (3532, June
2012). Paraffin-embedded tissue blocks of previously
diagnosed cases of OED (30 cases), OSCC (30 cases),
and VC (30 cases) were included. NOM (10 specimens)
obtained from gingival and vestibular mucosa during
disimpaction of third molars was employed as a control
material. The authors re-reviewed the hematoxylin- and
eosin-stained slides to confirm the diagnosis for inclusion
in the study. The OED cases were classified histopathologically into mild, moderate or severe dysplasia

Immunohistochemistry
The super-sensitive one-step polymer-HRP technique
(Biogenex Life Sciences, Fremont, CA, USA) was used
for immunohistochemical analysis of GLUT-1. Sections
4-5 μm thick were taken from the selected tissue blocks
and loaded onto silane-coated slides. Following deparaffinization by heating on a slide warmer and treatment
with xylene, the sections were rehydrated in ethanol.
They were then placed in a container containing 10 mM
sodium citrate buffer (pH 6.0) in a commercial microwave
antigen retrieval system (EZ-Retriever System, Biogenex
Life Sciences) and treated at 96°C for two cycles of 12
min each for antigen retrieval. The sections were rinsed
in TBS and treated with peroxidase blocking agent for
15 min and power block for 20 min to eliminate the
endogenous peroxidase and non-specific antigenic sites.
Optimally pre-diluted antibody against GLUT-1 (mouse
monoclonal: Clone SPM498, Biogenex Life Sciences)
was then added to the sections and allowed to stand for
45 min at room temperature. The sections were then
incubated with One-Step Polymer-HRP reagent for 30
min and visualized using freshly prepared diaminobenzidine tetrahydrochloride. The sections were then stained
with hematoxylin, dehydrated, cleared, and mounted
with DPX. Normal oral mucosa and nerve tissues were
employed as positive controls, while endothelial staining
of blood vessels, which are known to express GLUT-1,
served as the internal control.
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Fig. 1   Intense GLUT-1 expression in the vascular endothelium (A, ×250) and perineural tissue (B, ×250) used as
internal positive controls.

suprabasal layers; 2, expression extending to the spinous
layer; 3, extending to the granular layer; 4, extending to
the corneal layer). Two independent observers (VA and
PA) evaluated all the hematoxylin/eosin- and immunohistochemically stained sections.
Statistical analysis
GLUT-1 immunoexpression in NOM, OSCC and VC
was assessed using chi-square test and Fisher’s exact test.

Results

Erythrocytes, vascular endothelium and perineurium
employed as internal positive controls demonstrated
strong GLUT-1 positivity. The tumor stroma was negative for GLUT-1 (Fig. 1).
Location
Most of the cases in the study groups demonstrated
predominantly membranous GLUT-1 expression,
although two cases of OED, seven cases of VC and
eitht cases of OSCC exhibited combined membranous

Fig. 2   GLUT-1 immunoexpression, i.e., cellular location,
intensity and the percentage of positivity in NOM, OED,
OSCC, and VC.

and cytoplasmic expression. This difference in GLUT-1
location was statistically significant (P < 0.001) (Fig. 2).
Within the OED group, all three grades demonstrated
membranous staining predominantly (Figs. 3, 4). The
location of GLUT-1 showed a progressive switch from
a membranous to a cytoplasmic location, and then to a
combination of both, as the grade of OSCC increased
(P = 0.030) (Figs. 5, 6). Predominantly membranous
staining was seen in WDSCC (80%), whereas 20% and
40% of MDSCC cases and 40% and 30% of PDSCC
cases showed cytoplasmic and combined staining,
respectively.
Intensity
NOM demonstrated predominantly mild staining intensity, whereas the intensity increased progressively from

118

Fig. 3   Variation of GLUT-1 immunoexpression in various grades of OED.

Fig. 4   Mild basal expression of GLUT-1 in normal mucosa (A, ×100), whereas
intense membrane expression extends to the suprabasal layer in mild OED (B, ×100).
Intense GLUT-1 expression extends to the spinous layer in moderate OED (C, ×100)
and to the surface corneal layer in severe OED (D, ×100).

OED to OSCC, and to VC (P = 0.004) (Fig. 2). Furthermore, the intensity of staining increased progressively
from mild to severe dysplasia (P = 0.009). Mild and
moderate OED showed mild staining, whereas all cases
(100%) of severe OED showed intense staining (Figs.
3, 4). A progressive increase in the intensity of GLUT-1
staining from WDSCC to PDSCC was seen, but this did
not reach statistical significance (P = 0.183) (Figs. 5,
6). VC demonstrated a predominant intense of GLUT-1
expression (Figs. 5, 6).

Percentage
The percentage of positivity increased progressively
from NOM to OED, and to carcinoma, i.e., OSCC and
VC (P < 0.001). In NOM, the percentage of GLUT-1
expression was usually 1-25% (80% of samples), but
two samples were negative. OED showed positivity in
all three ranges, while in OSCC and VC the range of
positivity was predominantly 25-50% and >50% (Fig. 2).
A gradual increase of GLUT-1 expression was observed
in the OED group as the dysplasia increased from mild to
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severe (P < 0.001). Mild OED showed GLUT-1 expression within a range of 0-25% (90% of the cases), while
moderate OED showed a range of positivity of 25-50%

(90%) and severe dysplasia showed >50% expression in
all cases (100%) (Figs. 3, 4). A statistically significant
increase in the percentage of GLUT-1 expression was
also noted in OSCC with progression from WDSCC to
PDSCC (P = 0.015) (Figs. 5, 6).
Extent
The extent of GLUT-1 expression in different strata of
the epithelium was evaluated in the OED group. It was
limited predominantly to the basal/parabasal layer in
mild OED (70%), increased progressively to the spinous
layer in moderate OED (80%), and extended to the
corneal layer in all cases of severe OED (100%). This
difference in the extent of GLUT-1 immunoexpression
was statistically significant (P < 0.001) (Figs. 3, 4).

Discussion

Fig. 5   Various criteria used to evaluate GLUT-1
expression in various grades of OSCC.

The metabolism of glucose orchestrates numerous functions, as glucose oxidation serves as the chief source
of energy in eukaryotic cells. Consequently, glucose
plays a key role in the regulation of transcription, and
the activities of hormones, enzymes and neurons. These
functions are characteristically dependent on uptake
of glucose by cells, which is regulated by the glucose
transporter family (GLUT 1-14), whose expression and
activity is regulated by oncogenes and growth factors
(6,7). Numerous mechanisms and pathways can affect
the glycolytic phenotype of both normal and neoplastic
cells (6,7). GLUT-1 is the crucial target gene for hypoxia
inducible factor (HIF), that mediates glucose influx into
cells (7). Thus, upregulation of GLUT-1 is a commonly
documented sequel to hypoxia in several cells and tissues.

Fig. 6   Intense membranous expression of GLUT 1 in WDSCC (A, ×100).
Combined membranous and cytoplasmic GLUT 1 positivity in MDSCC (B, ×100)
and PDSCC (C, ×100). Predominant membrane staining is evident in VC (D, ×100).
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GLUT-1 can alter glucose influx under certain conditions
that have a higher metabolic requirement, such as cell
division (mitosis and meiosis), malignant transformation and nutrient depletion (12). Therefore, deregulated
expression of GLUT has been well documented in
association with malignancy (6-9). The present study
evaluated and compared the expression of GLUT-1 in
NOM, OED, OSCC, and VC.
We regarded GLUT-1 expression in NOM (oral epithelium) as the positive control for the present study, weak
membrane staining being evident in the basal and suprabasal layers, with no expression evident in the superficial
layers. This accords with the findings of Rudlowski et
al. and Reisser et al., where the normal mucosa showed
mainly membranous staining in the basal layer (13,14).
Staining intensity was predominantly weak and showed
focal to homogenous variation among the different cell
layers. However, intense GLUT-1 positivity was seen
in the endothelia of blood vessels in the same tissue
samples. These results correspond to the differentiationrelated expression pattern of GLUT-1 in normal human
epidermis, which is significant in the basal layer and
reduced in suprabasal layer (14,15). The presence of
GLUT-1 expression in the basal compartment suggests
proliferative activity associated with glucose transport
from the basement membrane. With increased maturation, GLUT-1 expression decreases and total absence of
GLUT-1 reflects complete maturation and degradation
(14). This implies that membrane staining could be an
indicator of low proliferative potential, and thus favorable prognosis.
In OED, GLUT-1 expression increased with the severity
of dysplasia. In mild dysplasia, GLUT-1 expression was
noted in the basal layer and demonstrated predominantly
mild staining, whereas in moderate dysplasia, it was
intense and extended to the spinous layer. In all cases of
severe dysplasia (100%), the entire epithelium including
the granular and corneal layers expressed GLUT-1
strongly. Increased intensity of GLUT-1 staining is
reportedly correlated with overexpression of GLUT-1
(16), in accord with several studies of cervical cancer,
breast cancer and head and neck carcinoma (7,13-15).
This association of GLUT-1 expression with the grade
of dysplasia has been previously documented, and has
been linked to the glycogen content of the cells, being
high in non-dysplastic areas of epithelium and decreased
or absent in areas of dysplasia (16). Examination of the
glycogen content to establish whether any alterations in
glucose uptake are related to tumor-associated changes
revealed that glycogen was more abundant in nondividing cells of the superficial layers of benign cervical

epithelium. Accordingly, it seems that reduced glycogen
levels are significantly associated with increased expression of GLUT-1 as the grade of dysplasia increases
(14,17,18).
Furthermore, in the present study, we investigated the
percentage of cells that showed GLUT-1 positivity. Two
(16.7%) of the NOM samples were GLUT-1-negative
and 8 (80%) showed between 1-25% positivity (score
1). In OED, the range of positivity in mild dysplasia
was mainly 1-25% (score 1), whereas nine cases of
moderate dysplasia (90%) showed a positivity range of
26-50% (score 2) all 10 cases of severe dysplasia (100%)
showed >50% positivity (score 3). Similar results have
been reported for cervical dysplasia by Mendez (15): the
number of positive cells increased as the grade increased,
reflecting the increased proliferative capacity of the
higher-grade lesions (14,15), suggesting that oncogenetriggered mechanisms might be directly involved in
GLUT-1 upregulation.
All of the 30 cases of OSCC we investigated were
GLUT-1-positive, WDSCC cases usually showing mild
staining intensity (80%). Expression was predominantly
evident at the periphery of well differentiated tumor
islands and absent in the central keratin pearls, i.e. a prostromal pattern. In keratin pearls, increased accumulation
of glycogen has been reported, correlating inversely with
GLUT-1 immunoexpression, suggesting that differentiated and mature cells present in keratinized regions lack
GLUT-1 expression (16). The presence of glycogen is
known to be related to cellular maturation of squamous
epithelium and disappears with loss of differentiation
during neoplastic transformation. In the present study,
most oral carcinomas demonstrated strong GLUT-1
expression in comparison to NOM and dysplasia.
Furthermore, a progressive increase in staining intensity
with histologic grade was observed, PDSCC showing the
highest intensity (14,15,19,20).
In most of the PDSCC cases, GLUT-1 expression
showed an “antistromal” pattern with higher expression in central and perinecrotic zones. This suggests
hypoxia-driven GLUT-1 stimulation, which creates an
antistromal staining pattern in areas devoid of squamous
differentiation/keratinization. Among the 10 MDSCC
cases, 3 (30%) showed mild staining intensity and 7
(70%) showed intense staining. Among the 10 PDSCC
cases, only 1 (10%) showed mild staining and 9 (90%)
showed intense staining. These findings accord with
those of Reisser and Ohba in OSCC (8,13).
In OSCC, the percentage of cells showing GLUT-1
immunostaining increased with advancing grade, in
agreement with previous studies of colorectal and rectal
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carcinomas where the percentage of positivity increased
with the carcinoma grade (17-19). GLUT-1 regulates
glucose influx into cancer cells, assisting in energy preservation, especially in weakly perfused/hypoxic regions
characterized by an inadequate supply of glucose. This
explains why GLUT-1 staining is stronger in the central
areas tumors and in areas of necrosis located remotely
from blood vessels, and lends support to the possibility
that hypoxia upregulates GLUT-1. In fact, Reisser et al.
have demonstrated GLUT-1 staining in the outer layers
of tumor nests, and attributed it to the role of this protein
in cellular differentiation, suggesting that it might be able
to predict the degree of histologic differentiation (13).
In VC, all of the tissues were positive for GLUT-1
expression (100%). The expression varied from the
suprabasal and superficial layers, with strongly intense
staining in 24 (80%) cases and only mild staining in six
(20%) cases (16). Cells at the maturation stage did not
express GLUT-1, whereas 13 (43.3%) cases showed
an expression range of 26-50% and 17 (56.7%) one of
>50%. In VC, the majority of cases, i.e. 23 (76.7%),
showed membranous staining and 7 (23.3%) showed
combined membranous and cytoplasmic staining. As no
other previous study has investigated GLUT-1 expression in VC, it is not possible to compare our results with
others.
VC and WDSCC resembled each other in terms of
GLUT-1 expression and staining pattern. Predominantly
membranous staining was seen in WDSCC (60%) and
VC (76.6%). This expression was located mainly at the
invasive front of VC, and suggested an increased level
of proliferative activity and glucose intake. GLUT-1
expression was lower in central differentiated areas
of WDSCC, i.e. a prostromal pattern, which could be
inversely related to the glycogen content, as discussed
previously (14,15,19,20).
With regard to the location of GLUT-1 expression,
anti-GLUT-1 antibody usually recognizes membranebound proteins on epithelial cells. However in our study,
GLUT-1 also showed occasional cytoplasmic staining. A
range of cellular locations of GLUT-1 expression have
been documented in the same tumors, including membranous, cytoplasmic and combined GLUT-1 expression
(21). A few studies have suggested that the varying
patterns of GLUT-1 expression could have prognostic
value, such as the study of Smeland et al. on sarcomas
(21). However, some other studies have reached contrary
conclusions (22). Most of our present cases showed
membranous expression, whereas a few had a combination of both membranous and cytoplasmic staining.
NOM showed membrane staining predominantly, while

in OED several cases demonstrated combined staining,
which appeared to correlate with the transformation of
dysplasia to carcinoma. In OSCC also, most of the cases
showed membranous expression, although surprisingly
MDSCC showed combination staining to a greater degree
than PDSCC. GLUT-1 induction following hypoxia
involves a succession of changes to its intrinsic activity,
kinetics and expression. Initially, there is “unmasking” of
the protein that enhances its affinity for glucose. Further
stimulation results in translocation of existing glucose
transporters from cytoplasmic vesicles to the plasma
membrane, and an eventual increase in the synthesis of
GLUT-1 mRNA (23). Ariely et al. investigated whether
cytoplasmic and membranous expression of GLUT-1 in
tumors was related to the duration and extent of hypoxia
present in different areas. They suggested that co-localization of GLUT-1 with the Golgi leads to combined
membrane and cytoplasmic expression (23).
The present study demonstrated that GLUT-1 has
a consistent role in oral premalignant and malignant
lesions and that its expression level and activity appear
to be associated with malignant transformation and
aggressiveness. The expression of GLUT-1 increased
with disease severity; OSCC and VC showed the
highest intensity, followed by OED and then NOM. The
increased GLUT-1 expression associated with the degree
of dysplasia reflects the expanding glycolytic response
to hypoxia. Furthermore, the upregulation of GLUT-1
with increasing histologic grade in OSCC suggests that
in order to proliferate, malignant cells require increased
glucose uptake due to their high energy requirement.
Our study is the first to have demonstrated prominent
GLUT-1 expression in VC, thus indicating its inherent
metabolic capacity. These characteristics of GLUT-1 in
proliferating cells may be related to the aggressiveness
of tumors and their response to various treatment modalities, thus being informative when planning individual
treatment approaches.
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ABSTRACT
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Background: Lichen planus is a premalignant condition with
minimal diagnostic aids. This study is an attempt to use paraffin
embedded sections of lichen planus with immunofluorescein
stain and to evaluate the immunofluorescent sections to
establish pattern of fibrinogen deposition.
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Materials and methods: Thirty-five paraffin embedded sections
of old and new cases of oral lichen planus (study group) and
five normal oral mucosa (control group) were chosen. Two
sections of each (H & E) case were taken, one was stained
with hematoxylin and eosin and another with fluorescein
isothiocynate conjugate (FITC) polyclonal rabbit antibody
against fibrinogen. Fluorescent findings were examined with a
fluorescent microscope.
Results: A high statistical significant correlation was found
in respect to fluorescence positivity, intensity of fluorescence
and distribution of fluorescence each with p < 0.0001 and
fluorescence at blood vessel walls (p = 0.0003).
Conclusion: This study suggested that paraffin embedded
sections can be successfully used in direct immunofluorescence
staining in routine set up where only formalin fixed tissues are
received.
Clinical significance: Paraffin embedded sections can be
successfully used in direct immunofluorescence staining when
only formalin fixed tissues are received.
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INTRODUCTION
Lichen planus, a term first described by Erasmus Wilson
in 1869, is a fairly common chronic inflammatory skin
disease, which often affects the oral mucosa. It could be
associated with stress, malnutrition, infection or local
trauma, immune reactions and autoimmunity.1
Many lesions of oral mucosa are difficult to diagnose on
clinical grounds alone and conventional histopathologic
examination may be inconclusive. Immunofluorescence
microscopy is a valuable adjunct in the diagnosis of
oral mucosal diseases, including lupus erythematosus,
pemphigus vulgaris, mucous membrane pemphigoid,
erythema multiforme and lichen planus.2
Despite much recent research, the etiology and
pathogenesis of lichen planus remains undetermined.
Immunofluorescent studies in lichen planus lesions
have provided some insight into a proposed immunopathogenesis.1-3
Immunofluorescence studies on frozen sections of
oral lichen planus demonstrates fibrinogen deposition
in basement membrane zone, within colloid bodies and
in the blood vessel walls.3-6
Although oral lichen planus has an immune
pathogenesis, studies dealing with immunopathology
on paraffin embedded tissue sections of oral lichen planus
have not been studied and reported extensively.
Immunofluorescent technique has been diagnostic
in vesiculobullous lesions, especially when clinical and
histopathology is not so. Retrospective evaluation on
routine histological material do not seem possible as
specific and reliable immunolabeling is thought to require
fresh frozen biopsy specimens to yield the best results.
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But in routine clinical and diagnostic laboratories
and at institutional level, the feasibility of these may not
be available. Secondly, for retrospective studies and for
follow-up cases, repeat biopsy for the frozen sections
may be unethical.
This study aims in presenting a simple, economic and
effective technique for diagnostic immunofluorescence
testing on archival histological material from oral biopsies
of lichen planus.

MATERIALS AND METHODS
This study included 35 cases of lichen planus as study
group and five normal mucosa as controls. Cases were
obtained from the archivals of department of oral
pathology. The study group consisted of 35 clinically
diagnosed and histologically confirmed cases of lichen
planus.
Criteria for clinical diagnosis were presence of bilateral lesions, reticular pattern along with other pattern.
Criteria for histological diagnosis were presence of basal
cell degeneration and a band of lymphocytes in the juxtaepithelial region.
Formalin fixed paraffin embedded tissues of the same
were retrieved from the archives of department of oral
pathology, for the purpose of immunofluorescence study.
Two sections of 5µ thickness were taken. One section
was stained for routine H & E and other was taken for
immunofluorescent staining.
Before immunofluorescent staining, the dewaxed
and rehydrated sections were rinsed in two changes
of phosphate buffered saline (PBS I and II) which was
used as wash buffer for 15 minutes each. Heat induced
epitope retrieval (HIER): A glass couplin jar containing
EDTA buffer was placed in pressure cooker with water
at its base. Lid was closed and buffer was allowed to

Fig. 1: Photomicrograph showing fibrin meshwork in the
extravasated RBCs (positive control)

boil. After this, the lid was opened and slides were kept
in the couplin jar containing the buffer. Lid was closed;
pressure was built up for 5 minutes. The couplin jar was
removed and was allowed to cool. After the slides were
cooled, slides were passed through PBS III and PBS IV
for 15 minutes each. Slides were incubated with 1:50
dilution of Fluoroscene isothiocyanate (FITC) labeled
rabbit antisera against fibrinogen (DAKO) in PBS in wet
humidifying chamber at room temperature for an hour.
Slides were taken out, excess was drained and were
washed in PBS V for 5 minutes. Slides were dried around
the sections and were mounted with glycerol, coverslip
was placed and were observed immediately.
Blue filter in the range of 460 to 490 nm was used
which showed apple green fluorescence. Evaluation was
based on the apple green fluorescence at the basement
membrane zone. Fibrin in the extravasated RBC’s and
within the blood vessels of the tissue sections was
considered as positive control (Fig. 1). The data collected
was statistically analyzed with Chi-square test.

RESULTS
The most important criterion for a positive diagnosis was
the presence of fluorescence at dermoepidermal junction.
Among 35 cases, the positive fluorescence at the dermoepidermal junction was observed in 34 cases. Statistical evaluation revealed a highly significant fluorescence
positivity, with p < 0.0001. The normal oral mucosa cases
did not show any fluorescence (Fig. 2). The pattern of fluorescence was linear deposition with or without threadlike
extensions into superficial connective tissue (Figs 3 and 4).
Among 35 cases, 30 cases showed fluorescence at the
blood vessel wall in the superficial connective tissue
(Fig. 5), with high statistical significance (p = 0.0003)
(Tables 1 and 2).

Fig. 2: Photomicrograph showing normal oral mucosa showing
absence of fluorescence
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Table 2: Fluorescence at blood vessel wall: Out of 35 cases,
85.71% showed fluorescence at the blood vessel wall and this
finding showed high statistical significance with p = 0.0003
At blood vessel
Study group
wall
Total
Percentage
Positive
30
85.71
Negative
05
14.29

Control group
Total
Percentage
0
0
5
100

DISCUSSION

Fig. 3: Photomicrograph showing fluorescence at
dermoepidermal junction

Fig. 4: Photomicrograph showing fluorescence at
dermoepidermal junction with thread like extensions

Fig. 5: Photomicrograph showing fluorescence at
dermoepidermal junction with fluorescence around blood vessel
Table 1: Fluorescence positivity: among 35 cases, 97.14%
showed fluorescence positivity and statistical analysis was highly
significant (p < 0.0001)
Fluorescence
Positive
Negative
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Study group
Total
Percentage
34
97.14
01
2.86

Control group
Total
Percentage
0
0
5
100

Lichen planus is a fairly common chronic inflammatory
skin disease which often affects the oral mucosa without
skin manifestations. Despite much recent research,
the etiology and pathogenesis of the disease remains
undetermined.
Immunofluorescent studies in lichen planus lesions
have provided some insight into a proposed immunopathogenesis. In cases where clinical and histopathologic
evaluation cannot confirm the diagnosis satisfactorily, the
use of direct immunofluorescence is of great importance.
A number of immunofluorescent studies in lichen
planus on frozen sections have been reported till date.
But in routine setup it is difficult to avail fresh frozen
sections. Hence in this study, paraffin embedded
tissue sections of lichen planus were utilized for direct
immunofluorescence study to demonstrate fibrinogen.
Among 35 cases, 34 cases showed positive fluorescence
at the dermoepidermal junction and in 30 cases at
blood vessel wall. No significant immunofluorescence
staining was observed in normal oral mucosal biopsies.
Fluorescence positivity showed high statistical significance
(p < 0.0001).
Out of 35 cases studied, 34 showed fibrinogen deposition at basement membrane zone (p < 0.0001) and 30
cases showed fibrin at small blood vessel along with
basement membrane zone (p = 0.0003). Findings of our
study showed high statistical significance.
It is suggested that immunofluorescent changes in
lichen planus are secondary events, consequences of
damage to the lower epidermis and basement membrane
zone. Fibrin is laid down and inflammatory cells move
over it and release cytokines and interleukins. The
explanation for fibrin deposition at blood vessel wall,
could be due to the local secretion of cytokines by
mononuclear inflammatory cells leading to increased
microvascular permeability, in turn giving rise to dermal
edema and fibrin deposition. 7,8 This also explains
the expression of fibrinogen at blood vessel walls
in the superficial part of connective tissue in lichen
planus.
Abell E, Presbury DGC, Marks R and Ramnarain D
et al in their study on frozen sections found that fibrin was
deposited evenly against the epidermo-dermal junction.
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Occasionally producing a thin homogenous band, but
more often irregular strands extended from the junctional
band into the papillary or parafollicular dermis. Similar
findings were observed in our study. The fibrin staining
frequently demonstrated the colloid body deposits in
both the epidermis and dermis and occasionally fibrin
was detected in and around blood vessels of papillary
connective tissue.9
Daniels and Quadra-White in their study on frozen
sections found that out of 31 specimens, that reacted with
anti-firbinogen 30 showed intense positive fluorescence
that outlined the basement membrane zone and had
numerous irregular extensions into the superficial lamina
propria.10
Laskaris et al in their study on frozen sections found
that out of 35 cases, 34 cases showed fibrin deposition at
the basement membrane zone either in a linear pattern
or more often in a broad band from which numerous
threadlike outgrowths extended into the corium and to
a minor degree into the epithelium. Fibrin deposition
within colloid bodies was seen in 14 cases and around
blood vessel walls in 5 cases. Similar patterns of fibrinogen
deposition were found in our study.1
In our study out of 35 cases, 34 showed florescence
at the dermal-epidermal junction, showing linear pattern
with extensions into the connective tissue. This finding
was in concordance with previous studies.9,10 Fibrin
deposition was not seen in cytoid bodies in our study.
Fluorescence positivity at basement membrane zone
seen in our study also was in concordance with study
by Raghu et al.5
Firth et al in their study on comparison of fresh frozen
tissue and formalin fixed paraffin embedded tissue, found
that the pattern of staining in cases of lichen planus was
essentially a fibrillar pattern at the basement membrane
zone. They also found that intensity of staining was less
than that obtained from using fresh frozen tissue.3
Kolde et al conducted direct immunofluorescence
testing on archival histological material from oral biopsies.
The study was performed on 30 biopsies of suspected
lichen planus. Immunofluorescence examination showed
excellent preservation of tissue morphology, and negligible
background staining, nonspecific fluorescence and tissue
autofluorescence. They concluded saying that immunofluorescence testing on pronase treated histological
sections is a valuable diagnostic tool that improves the
often controversial histopathological assessment of oral
lichen planus.2
In our study, out of 35 cases, one case did not show any
significant fluorescence, but H & E stained section of same
case showed basal cell degeneration and inflammatory

component juxtaepithelially. This tissue was stained twice
for immunofluorescence, both the times it was negative.
The reason for negativity could not be established, could
be either due to fixation or processing errors.
Authors suggested that this pattern of fibrinogen
deposition in the absence of fluorescence by other
reagents is sufficiently unique to be used as a diagnostic
criterion for oral mucosal lichen planus.11,12
In many cases, the fixation and processing steps
involved in the preparation of tissues results in loss of
immunoreactivity of antigens. This can be reversed by
the use of appropriate antigen retrieval technique, such
as microwave antigen retrieval or porteolytic digestion.
Proteolytic antigen retrieval can be done using trypsin
and pronase. Heat mediated antigen retrieval may be
used in many cases to enable staining of certain antigens
in paraffin embedded tissue sections, or in some cases to
improve results when staining is weak or inconsistent.13,14
A number of buffers may be used for this purpose.
Solutions used as buffers could be Tris buffered saline,
0.01 M citrate buffer, 0.001 M EDTA buffer for antigen
retrieval.13
The fluorescence distribution and pattern found in
our study was comparable with the previously reported
studies on not only with paraffin embedded sections but
also with fresh frozen sections. Hence, this technique, can
be applied successfully to formalin fixed material. This
implies that immunofluorescent study need not always
require cryostat and frozen sections, but can be done in
routine lab set up using paraffin embedded tissue blocks.
Universal diagnostic criteria with the help of molecular or immunologic studies on lichen planus is necessary.
Also, it is important to distinguish it from lichenoid
reaction and lichenoid dysplasia as all three of these have
overlapping features and have serious premalignant
potential.15

CONCLUSION
The diagnosis and immunopathogenesis of some oral
mucosal diseases can be facilitated by the use of direct
immunofluorescence study. Fresh frozen tissue is preferred when using this technique, however, frequently
the material received by the histopathology laboratory
has been fixed in formalin.
This particular study demonstrates the technique
of direct immunofluorescence on paraffin embedded
sections of oral lichen planus.
Out of 35 cases studied 34 showed fibrinogen
deposition at basement membrane zone and 30 cases
showed fibrin at small blood vessel wall along with
basement membrane zone.
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The fluorescence distribution and pattern found in
our study was comparable with the previously reported
studies not only with paraffin embedded sections but also
with fresh frozen sections.
Hence direct immunofluorescence study on paraffin
embedded sections, proves to be a valuable diagnostic tool
that improves the often controversial histopathological
assessment of oral lichen planus.

CLINICAL SIGNIFICANCE
This study provides a reliable method which could be
used for diagnostic purposes in instances where formalin
fixed tissue only will be received for histopathologic
evaluation and where the laboratory lacks expensive
armamentarium like cryostat.
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Sex assessment efficacy of permanent maxillary first molar cusp dimensions
in Indians
Achla Bharti Yadav, Punnya V. Angadi1, Sumit Kumar Yadav2

Abstract
Background: The human first maxillary molar provides clues about evolution and is functionally important. It has four main cusps,
and each cusp has an independent growth pattern and different evolutionary background. Though less explored, the analysis
based on measurement of each cusp appears to be more meaningful biologically than conventional measurements of the whole
crown. Aim: This study aimed to demonstrate the extent of sexual dimorphism in permanent maxillary first molar cusp diameters
and their potential utility in sex prediction among Indians using logistic regression analysis (LRA). Materials and Methods: The
mesiodistal and buccolingual (BL) crown diameters along with cusp dimensions and cusp indices of right maxillary first molar
were measured in an Indian sample (149 males, 151 females; age range of 18–30 years). The possible sex dimorphism in these
parameters was evaluated, and LRA was performed to ascertain their usefulness in sex prediction. Results: BL crown dimension
and the hypocone (distolingual) cusp showed the highest sexual dimorphism. The combination of metacone and hypocone,
i.e., distal cusp diameters among cusp parameters showed the highest accuracy (61.3%). While, on combining all the crown and
cusp diameters together the overall accuracy was raised (64.3%). Conclusion: This study supports the ontogeny hypothesis
suggesting that early‑forming mesial cusps demonstrate less sexual variation as compared to subsequently formed distal cusps
in the maxillary molar. Though the sex identification accuracy for cusp diameters of the permanent maxillary first molar in Indians
is relatively moderate (≈61%), it can be used as an adjunct for sexing of adult Indians in forensic contexts.
Keywords: Cusp dimensions, first maxillary molar, Indians, logistic regression analysis, sex assessment
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remains. Pelvis and cranium are considered to be the most
accurate indicators for sex assessment; however, these
may not always be feasible in forensic or archeological
contexts due to incomplete or fragmentary skeletal
remains. [3,4] Teeth are an excellent material in living
and nonliving populations for anthropological, genetic,
odontologic, and forensic investigations as they are the
hardest and chemically the most stable tissue in the body.
Additionally, they are selectively preserved and fossilized,
thereby providing for the best records for evolutionary
change. Their durability in the face of fire and bacterial
decomposition makes them invaluable for identification.
Tooth morphology, crown size, and cusp size demonstrate
distinctive features for males and females.[5,6] However,
while determining the sex of an individual one criterion
may not be characteristic, and analysis of as many
criterions as possible is usually helpful in the majority
of cases.[3]
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Odontometric studies have played an important role in
forensic and legal investigations, but most previous studies
of tooth size were based on traditional measures of whole

Reconstruction of the biological profile from skeletal
remains is essential to understand the demographics of
the population and the identification of the individuals
in forensic context. Sex assessment of skeletal remains is
an indispensable step in the identification of an unknown
person and has the advantage of dropping the pool of
missing persons by half.[1,2] Anthropometric measurements
of the skeleton and the comparison with existing standard
data may help to differentiate between male and female
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tooth crowns, i.e., mesiodistal (MD) and buccolingual (BL)
c ro w n d i a m e t e r s . [ 7 ‑ 1 4 ] H o w e v e r, d i a g o n a l c ro w n
measurements, such as mesiobuccal (MB)‑distolingual (DL)
and distobuccal (DB)‑mesiolingual (ML) diameters,
and root lengths have also been tried by some other
investigators. [15‑18] Nevertheless, in highly fragmentary
remains it is not possible to get all the teeth in intact
form, sometimes broken or incomplete tooth crowns are
the only available material for investigation purposes.
Odontometric characteristics of each molar crown are
thought to represent a cumulative effect of individual
cusp dimensions,[19] so analysis based on measurement of
each cusp promises to be more meaningful biologically
than conventional measurements of the whole crown.
Therefore, alternative metric analysis of part of the
tooth including cusp areas, cusp diameters, etc.,
should be devised for determining sex. Recent sexual
dimorphic investigations on cusp measurements of the
permanent maxillary molars displayed greater accuracy
as compared to conventional crown length and breadth
dimensions.[4,19‑23]
The human first maxillary molar provides information
regarding evolution and is functionally important. [19]
The size of molar as a whole reflects the combined size
contributions of the individual cusps and ridges.[20] Crown of
the maxillary molar teeth tends to have four cusps, referred
to as the paracone (MB), protocone (ML), metacone (DB),
and hypocone (DL).[21] Each cusp has an independent growth
pattern and different evolutionary background. [22] The
protocone is the largest in size, followed by the paracone,
metacone, and hypocone. The paracone is the first cusp
to appear, whereas the hypocone develops last in terms
of both ontogeny and phylogeny. Teeth that develop later
ontogenetically tend to be more variable in size, and it has
been proposed that they display greater sexual dimorphism
due to increasing differences in sex hormone production
between males and females.[21] In black South Africans, an
accuracy of 58.3–73.6% was achieved in discriminating sex
by applying discriminant analysis and using photogrammetric
methods on the maxillary molar cusp. [4] In Japanese
population, paracone cusp diameter showed greatest
percentage of sexual dimorphism (4.5%), in fact more than
the BL (4.1%) and MD (3.4%) dimensions of crown, followed
by hypocone (3.8%), metacone (2.8%), and protocone (0.8%) in
maxillary first molar.[22] Studies on odontometric data related
to cusp size in sex identification are largely unexplored
in Indian population. The only other existing study has
evaluated sex dimorphism in a particular caste (Jat Sikhs)
from India.[19] Therefore, this preliminary investigation aimed
to explore the extent of sexual dimorphism in permanent
maxillary first molar cusp diameters and their potential utility
in sex prediction among Indians using logistic regression
analysis (LRA).

Contemporary Clinical Dentistry | Oct-Dec 2015 | Vol 6 | Issue 4

Materials and Methods
Selection criteria
The present sample comprised of dentitions from 151 males
and 149 females from India belonging to the age range of
18–30 years. The sample was limited to young adults to
ensure that the teeth were intact in order to obtain optimal
odontometric information. Subjects were from different
states of India and belonged to a mixture of ethnic groups,
religions, and castes so as to evaluate the sex differences in
Indians in general. After obtaining verbal informed consent,
maxillary alginate impressions were made, and casts were
poured using the dental stone. Measurements were made
on the casts only if the teeth were fully erupted and had no
anomalies of crown morphology, and if the central pit of a
tooth crown was clearly distinguishable.
Odontometry
MD and BL crown diameters and cusp diameters,
i.e., paracone (MB), metacone (DB), protocone (ML), and
hypocone (DL) of permanent maxillary first molar were
measured on the casts using a digital calliper with calibration
of 0.01 mm (Mitutoyo, Japan). The MD dimension was defined
as the greatest distance between the contact points on the
proximal surfaces of the tooth crown. The BL dimension was
defined as the greatest distance between the labial surface
and the lingual surface of the tooth crown, measured with the
calliper beaks held at right angles to the MD dimension. Each
cusp diameter was determined by measuring the diagonal
distance from the central pit to the most distant point located
along the outer margin of the crown corresponding to the
relevant cusp.[4] The same measurements were repeated on
30 randomly selected casts to test for possible intraobserver
variation. Since the dimensions on right and left sides of the
same dental arch are usually symmetrical,[14] the right side
measurements only were taken into consideration for this
study. But if a tooth on the right side could not be measured
because of absence, abnormality, heavy wear, or other reasons
the corresponding tooth on the left side of the arch was
measured. The cusp index quantifies cusp size relative to
overall crown size. Therefore, cusp index for each cusp was
calculated by using following formula:[22]
Cusp index=

Cusp diameter
MD×BL

Statistical analysis
Descriptive statistics, independent samples t‑test, and
calculation of percentage were done to evaluate the
possible sex variation in crown, cusp diameters, and cusp
indices of right permanent maxillary first molar while the
intraobserver differences were tested using the paired t‑test.
LRA was performed on various measurements in different
combinations to ascertain the usefulness of these parameters
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in sex identification. The univariate and multivariate
statistical analyses were performed on SPSS 11.0 software
package (SPSS Inc., Chicago, IL, USA).

Results
Table 1 depicts the mean values of crown dimensions, cusp
diameters, and cusp indices with their respective standard
deviations for both males and females. We obtained
statistically significant sexual dimorphism (P < 0.05) for all
the measurements of crown and cusp except paracone (MB)
cusp diameter with mean values for males exceeding those
of females. Hypocone (DL) showed largest mean sexual
dimorphism followed by metacone, paracone, and protocone.
The percentage sexual dimorphism of cusp diameters was
greatest in the metacone (DB) followed by hypocone (DL),
and protocone (ML). In fact, metacone diameter was more
dimorphic than MD and BL crown dimensions. It is evident that
the cusp indices calculated using cusp and crown dimensions
exhibited no significant sexual dimorphism between males
and females (P > 0.05). Similarly, percentages of sexual
dimorphism were also lesser as compared to crown and
cusp diameters.
Tables 2 and 3 revealed the sex classification accuracy of LRA
using various combinations of studied parameters. Overall
accuracy was highest for combined crown dimensions (62.7%),
however, among cusp parameters combination of metacone
and hypocone (distal) cusp diameters (61.3%) showed the
Table 1: Descriptive statistics with sexual dimorphism based
upon crown dimensions, cusp diameters and cusp indices
using Student’s t‑test and percentage dimorphism
Variables

Mean±SD
Male

Female

t

P

Percentage†

Crown
dimensions
MD

10.35±0.56 10.21±0.64 2.125 0.034*

1.37

BL

10.98±0.51 10.68±0.53 5.097 0.000*

2.81

DB

4.69±0.37 4.54±0.35 3.550 0.000*

3.30

DL

5.97±0.45 5.82±0.40 3.123 0.002*

2.58

MB

4.55±0.30 4.49±0.32 1.494 0.136

1.34

ML

4.11±0.31

4.01±0.30 3.038 0.003*

2.50

DBI

44.02±3.40 43.57±3.42 1.150 0.251

1.03

DLI

56.05±3.81 55.84±3.77 0.492 0.623

0.38

MBI

42.68±2.80 43.09±2.91 1.229 0.220

−0.95

MLI

38.63±2.93 38.45±2.99 0.545 0.586

0.46

Cusp
diameter

Cusp indices

*Statistically significant at P<0.05; †Sexual dimorphism percentage=([male
mean/female mean]−1)×100. SD: Standard deviation; MD: Mesiodistal;
BL: Buccolingual; DB: Distobuccal; ML: Mesiolingual; DL: Distolingual;
MB: Mesiobuccal; DBI: Dental biofilm index; DLI: Distolingual cuspal index;
MBI: Mesiobuccal cuspal index; MLI: Mesiolingual cuspal index
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highest accuracy. However, on combining all the crown and
cusp diameters together, the overall accuracy was raised to
64.3% with 66.9% accuracy in males and 61.7% accuracy in
females. On using backward likelihood ratio overall accuracy
was raised to 65.7% with 66.9% accuracy in males and 64.4%
accuracy in females (y = 1.713 BL + 1.245 DB + 12.165
DL − 18 MB − 1.261 Distolingual cuspal index (DLI) + 1.835
Mesiobuccal cuspal index (MBI) − 22.819). Combinations of
cusp indices with other parameters and among themselves
revealed lesser accuracy (50.3–64%).
The paired t‑test evaluating the potential intraobserver
variation showed insignificant statistical differences for all
the measurements except hypocone (DL) and paracone (MB)
cusp diameter [Table 4].

Discussion
In forensic anthropological analysis, sex estimation is one of
the most valuable steps in building the biological profile of
skeletal remains. Among skeletal parameters, the pelvis and
skull bones are considered to be the preferred indicators of
sex with a high degree of reliability. It is frequently observed
that during forensic and archeological investigations, these
predictors are destroyed or fragmented or not available at
all. As dentition is highly resistant to postmortem insults,
may be the only materials available for sex determination
in markedly decayed or skeletonized bodies.[14,24,25] Various
studies demonstrated high degrees of sexual dimorphism
among odontometric parameters most commonly by using
crown diameter, diagonal crown measurements, root length,
etc.[2,3,7,10‑18] Since the cusps and ridges collectively reflect
overall tooth size in molars and premolars, quantitative
assays of cusp size should also reflect sexual dimorphism.[20]
Several studies explore the effectiveness of cusp diameters
of maxillary molar in sex discrimination among various
populations.[4,19‑23] The existence of sexual dimorphism in the
size of the permanent teeth is contributed by inheritance and
environmental factors. Therefore, magnitude and patterning
of sexual dimorphism vary from population to population.[26]
This study provides the odontometric data based on cusp
diameters of permanent maxillary first molar, which has been
sparsely studied in Indian population.
Univariate analysis
The BL crown dimension of maxillary first molar showed
the greatest sexual dimorphism among all the studied
parameters. Similar results were obtained by many
researchers working on cusp size sexual dimorphism in
various populations[4,21,22] including Indians.[19] Garn et al.
reported greater sexual dimorphism in BL dimensions.[26]
Recently, Prabhu and Acharya found mandibular first molar
to be most dimorphic followed by canines and BL dimension
of the maxillary first and second molars.[14] The ontogeny of
maxillary molar crown development could be reflected by
the pattern of relative variation in cusp size. Consequently,
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Table 2: Sex classification accuracy using LRA on various combinations of crown and cusp dimensions
Variables

Males
Number

Females

Percentage

Number

Total

Percentage

Number

Percentage

MD and BL (crown)

94/151

62.3

94/149

63.1

188/300

62.7

MB and DB (buccal cusps)

88/151

58.9

90/149

60.4

179/300

59.7

ML and DL (lingual cusps)

91/151

60.3

84/149

56.4

175/300

58.3

MB and ML (mesial cusps)

96/151

63.6

81/149

54.4

177/300

59

DB and DL (distal cusps)

94/151

62.3

90/149

60.4

184/300

61.3

All cusp diameters

91/151

60.9

90/149

60.4

182/300

60.7

MD + MB + DB

88/151

58.3

85/149

57

173/300

57.7

MD + ML + DL

91/151

60.3

87/149

58.4

178/300

59.3

MD + MB + ML

92/151

60.9

78/149

52.3

170/300

56.7

MD + DB + DL

91/151

60.3

90/149

60.4

181/300

60.3

BL + MB + DB

99/151

65.6

90/149

60.4

189/300

63

BL + ML + DL

92/151

60.9

95/149

63.8

187/300

62.3

BL + MB + ML

96/151

63.6

93/149

62.4

189/300

63

BL + DB + DL

99/151

65.6

89/149

59.7

188/300

62.7

MD + BL + MB + DB

97/151

64.2

89/149

59.7

186/300

62

MD + BL + ML + DL

96/151

63.6

91/149

61.1

187/300

62.3

MD + BL + MB + ML

95/151

62.9

92/149

61.7

187/300

62.3

MD + BL + DB + DL

97/151

64.2

90/149

60.4

187/300

62.3

MD + BL + DB + DL + MB + ML

101/151

66.9

92/149

61.7

193/300

64.3

LRA: Logistic regression analysis; MD: Mesiodistal; BL: Buccolingual; DB: Distobuccal; ML: Mesiolingual; DL: Distolingual; MB: Mesiobuccal

Table 3: Sex classification accuracy using LRA on various combinations of cusp indices along with combinations with
cusp diameters and crown dimensions
Variables

Males

Females

Total

Number

Percentage

Number

Percentage

Number

Percentage

MBI + DBI

89/151

58.9

78/149

52.3

167/300

55.7

MLI + DLI

85/151

56.3

73/149

49

158/300

52.7

MBI + MLI

80/151

53

71/149

47.7

151/300

50.3

DBI + DLI

86/151

57

76/149

51

162/300

54

DBI + DLI + MBI + MLI

87/151

57.6

80/149

53.7

167/300

55.7

MB + DB + MBI + DBI

88/151

58.3

90/149

60.4

178/300

59.3

ML + DL + MLI + DLI

93/151

61.6

81/149

54.4

174/300

58

MB + ML + MBI + MLI

85/151

56.3

85/149

57

170/300

56.7

DB + DL + DBI + DLI

94/151

62.3

85/149

57

179/300

59.7

MB + DB + ML + DL + MBI + DBI + MLI + DLI

88/151

58.3

92/149

61.7

180/300

60

MD + MBI + DBI

89/151

58.9

83/149

55.7

172/300

57.3

MD + MLI + DLI

86/151

57

78/149

52.3

164/300

54.7

MD + MBI + MLI

89/151

58.9

82/149

55

171/300

57

MD + DBI + DLI

89/151

58.9

78/149

52.3

167/300

55.7

BL + MBI + DBI

98/151

64.9

90/149

60.4

188/300

62.7

BL + MLI + DLI

96/151

63.6

92/149

61.7

188/300

62.7

Combinations of cusp indices

Cusp diameters with their indices

Crown parameters with cusp indices

Contd...
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Table 3: Contd...
Males

Variables

Females

Total

Number

Percentage

Number

Percentage

Number

Percentage

BL + MBI + MLI

95/151

62.9

93/149

62.4

188/300

62.7

BL + DBI + DLI

96/151

63.6

90/149

60.4

186/300

62

MD + BL + MBI + DBI

98/151

64.9

90/149

60.4

188/300

62.7

MD + BL + MLI + DLI

96/151

63.6

93/149

62.4

189/300

63

MD + BL + MBI + MLI

95/151

62.9

93/149

62.4

188/300

62.7

MD + BL + DBI + DLI

97/151

64.2

90/149

60.4

187/300

62.3

MD + BL + MBI + DBI + MLI + DLI

100/151

66.2

92/149

61.7

192/300

64

LRA: Logistic regression analysis; MD: Mesiodistal; BL: Buccolingual; DB: Distobuccal; ML: Mesiolingual; DL: Distolingual; MB: Mesiobuccal; DBI: Dental biofilm
index; DLI: Distolingual cuspal index; MBI: Mesiobuccal cuspal index; MLI: Mesiolingual cuspal index

Table 4: Paired t‑test for evaluating the intra‑observer
differences in crown and cusp measurements
Mean±SD
Variable

t‑test
1st
2nd
Difference
observation observation

P

MD

9.90±0.50

9.89±0.49

0.01±0.11 0.737

0.468

BL

10.49±0.49

10.43±0.52

0.06±0.29 1.093

0.285

DB

4.70±0.36

4.68±0.34

0.02±0.11 0.753

0.459

DL

5.88±0.39

5.83±0.44

0.05±0.11 2.307 0.030*

MB

4.66±0.29

4.62±0.29

0.04±0.08 2.424 0.023*

ML

4.03±0.23

4.00±0.23

0.03±0.09 1.630

0.116

*Statistically significant at P<0.05. MD: Mesiodistal; BL: Buccolingual;
DB: Distobuccal; ML: Mesiolingual; DL: Distolingual; MB: Mesiobuccal;
SD: Standard deviation

this study emphasized on the role of cusp diameter as
sex predictor. All the cusp showed sexual dimorphism
comparable to, even greater than crown dimensions,
except paracone cusp diameter (MB). It has been suggested
that teeth which form early in ontogeny should be least
variable in sexual dimorphism as they form before significant
changes take place in the hormones of males and females.
This could be the reason that paracone cusp does not
show any dimorphism as this is the first cusp to appear
both ontogenetically and phylogenetically.[22] Cusp indices
calculated using cusp and crown dimensions exhibited no
sexual dimorphism. This is in consensus with Acharya and
Mainali who illustrated in their study that dental indices have
no added utility in forensic sex assessment.[27]
In this study, central pit was considered as a landmark for
assessing the size of individual cusps, as it divides the cuspal
areas according to their developmental pattern, and it is
also the point of intersection of ridges and occlusal grooves.
We measured the diagonal distance from the central pit to
the most distant point located along the outer margin of
the crown corresponding to the relevant cusp, and these
measurements were considered as cusp diameters as done
previously.[4] The hypocone showed the largest size followed
by metacone, paracone, and protocone. This pattern of size
493

variation did not match any other previous studies which
could be attributed to the difference in ethnicity or in
measuring techniques or the landmarks they have used. The
hypocone cusp diameter defined by our way was showing
larger than actual cusp size and protocone showed smaller
than actual size. Further investigations are needed in this
context to clarify the relation between cusp size, cusp
diameter, and cusp area.
We also quantified the magnitude of sexual dimorphism
using the percentage dimorphism formula proposed by
Garn et al.[26] which revealed that among cusp diameters
the metacone showed the highest percentage of sexual
dimorphism followed by hypocone. This could be due to
the later development of the distal cusp and thus displayed
greater dimorphism as compared to mesial cusps.[22] In
fact, metacone was more dimorphic than MD and BL crown
dimensions. Similarly in Japanese and black South Africans,
hypocone diameter was the second most dimorphic cusp
dimension of a maxillary first molar.[4,22] All the cusps showed
the greater value of dimorphism than MD crown diameter
except paracone that showed the least dimorphism. This
may be because the paracone is the first cusp to develop
and consequently shows the least variation. There are some
notable differences in the present and previous studies. For
example in the present study, metacone displayed the highest
percentage of sexual dimorphism, whereas in black South
Africans it is least dimorphic with protocone showing the
highest dimorphism.[4] In Japanese population, the paracone
showed the least and hypocone showed the highest sexual
dimorphism for maxillary second molar, whereas, in maxillary
first molar, protocone showed the least dimorphism, followed
by the metacone, hypocone, and paracone, i.e., the earliest
formed paracone showed the greatest sexual dimorphism.[22]
This apparent difference in the pattern of sexual dimorphism
is likely due to a combination of environmental and genetic
factors[26] emphasizing that dental sexual dimorphism is
population specific.[4] To the best of our knowledge, only one
study has been done in India regarding cusp size by Agnihotri
and Sikri[19] but they have considered a particular caste not a
heterogeneous Indian sample as ours, which appears more
Contemporary Clinical Dentistry | Oct-Dec 2015 | Vol 6 | Issue 4
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representative. Similar to our findings, Agnihotri and Sikri in
their study on Jat Sikhs displayed hypocone to be the most
dimorphic followed by metacone and least dimorphism was
demonstrated by paracone.[19] Further, cusp indices in this
study displayed the lesser value of percentage dimorphism
similar to other studies.[4,19,22]
Logistic regression analysis
Acharya et al. demonstrated that LRA superior to discriminant
function analysis (DA) for odontometric sex prediction
irrespective of complete or incomplete set of dentition
as they found accuracy of 76–100% by LRA and 52–71%
using DA.[28] Considering it as a robust technique over
any other analysis, we analyzed data using LRA to
determine the efficacy for sex identification using various
combinations [Tables 2 and 3]. Cusp diameter measurements
of maxillary first molar provide low to moderate sex
discrimination for different combinations with overall
classification accuracies ranging between 50.3% and 64.3%.
Lower accuracy was shown by combinations of cusp indices
with other parameters and among themselves. Among cusp
parameters combination of metacone and hypocone (distal)
cusp diameters (61.3%) showed the highest accuracy. Our
results support the ontogenetic hypothesis[22] that later
developed structures illustrate greater sexual dimorphism
than earlier formed structures, so it can presumably
be extended to crown components. Macaluso, [4] used
discriminant function analysis for black South Africans
and provided overall classification accuracy from 58.3%
to 73.6% and among cusp size, mesial and lingual cusps
showed accuracy of 71.9% followed by distal cusps (68.9%).[4]
Various combinations of the crown with cusp diameter and
crown with cusp indices showed moderate accuracy in sex
identification. However, on combining all the crown and cusp
diameters together, the overall accuracy was raised to 64.3%
with males being identified accurately 66.9% and females
61.7%. This difference in accuracy between male and female
could be due to the existence of an overlap between tooth
dimensions as has been discussed extensively.[14] Prabhu and
Acharya demonstrated as sex classification accuracy of 75%
among Indians using MD and BL measurements of all the
teeth by applying stepwise discriminant function analysis.[14]
Whereas, a study conducted in our department on the large
sample using MD and BL measurements of all the teeth
showed 72% accuracy by applying LRA (unpublished data).
In this study, use of backward likelihood ratio offered an
overall accuracy of 65.7% with males showing the accuracy
of 66.9% and females 64.4%. This is commendable from
measurement of a single tooth as opposed to above‑stated
examples which used the MD and BL measurements of
all teeth. The advantages of our study include the use of
robust multivariate analysis, i.e., LRA not used previously
for cusp dimensions, and measurements were taken directly
on the cast as compared to previous studies.[4,21] where
measurements were done on photographs.
Contemporary Clinical Dentistry | Oct-Dec 2015 | Vol 6 | Issue 4

Observer variability
The significant intraobserver variability in hypocone and
paracone cusp diameter measured may be attributed to the
smaller size of cusp as compared to crown and difficulty
in measuring these dimensions. Studies have revealed a
tendency for observer variation, indicating the possibility
of systematic errors in certain tooth dimension.[14] While
even though, there is statistical significance (P < 0.05), the
mean difference for hypocone and paracone was 0.05 and
0.04, respectively, which may not have practical significance.

Conclusion
The results of our study supported ontogeny hypothesis
suggested that early‑forming mesial cusps demonstrate less
variation as compared to subsequently formed distal cusps
in the maxillary molar. The sex identification accuracy for
cusp diameters of the permanent maxillary first molar in
Indians is relatively moderate (≈61%), but the simplicity and
the fact that this accuracy is obtained with a single tooth is
commendable. Furthermore, the derived regression formulae
developed in this study have particular value in situations
where the recovered skeletal material is highly fragmentary
and when conventional dimensions of all teeth cannot be
accurately recorded. Still, these can be used as adjunct to
more reliable sex predictors rather than as the only criteria
for sex assessment.
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ABSTRACT
Estimating the time after death is an important aspect of the role of a forensic expert. After death, the
body undergoes substantial changes in its chemical and physical composition which can prove useful
in providing an indication of the post-mortem interval. The most accurate estimate of the time of
death is best achieved early in the post-mortem interval before the many environmental variables are
able to affect the result. Whilst dependence on macroscopic observations was the foundation of the
past practice, the application of histological techniques is proving to be an increasingly valuable tool
in forensic research. The present study was conducted to evaluate the histologic post-mortem changes
that take place in human gingival tissues and to correlate these changes with the time interval after
death. Thirty one samples of post-mortem human gingival tissues were obtained from a pool of
decedents at varied post-mortem intervals (0-8hrs, 8-16hrs, 16-24 hrs). Ante-mortem samples of
gingival tissues for comparison were obtained from patients undergoing crown lengthening
procedure. Histological changes in the epithelium (cytoplasmic and nuclear) and connective tissue
were assessed. The initial epithelial changes observed were homogenization and eosinophilia while
cytoplasmic vacuolation and other alterations, including shredding of the epithelium, ballooning, loss
of nuclei and suprabasilar split were noticed in late post-mortem interval (16-24 hrs). Nuclear
changes such as vacuolation, karyorrhexis, pyknosis and karyolysis became increasingly apparent
with lengthening post–mortem intervals. Homogenizations of collagen and fibroblast vacuolation
were also observed. To conclude; the initiation of decomposition at cellular level appeared within 24
hours of death and other features of decomposition were observed subsequently. Against this
background, histological changes in the gingival tissues may be useful in estimating the time of death
in the early post-mortem period.
KEYWORDS: Post-mortem Interval, Histologic Changes, Gingiva, Eosinophilia,
Homogenization, Vacuolation.
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INTRODUCTION
The period of time before death is known
as the ante-mortem period whilst that after
death is called the post-mortem period.
After death, the body undergoes dramatic
changes in its chemical and physical
composition, which are termed as postmortem changes. These changes can
provide an indication of the post-mortem
interval (PMI).1 No topic in forensic
medicine has been investigated as
thoroughly as that of determining the time
of death on the basis of post mortem
findings.2 There have been many different
methods used at autopsy in an attempt to
accurately and systematically determine
the post-mortem interval and exact time of
death. They include examination of the
external physical characteristics of the
body3 such as autolysis, algor mortis, rigor
mortis, livor mortis, post-mortem clotting,
putrefaction and the appearance of
adipocere4, chemical changes detected in
body fluids, analysis of stomach contents,
determination of internal temperatures, and
scene markers.3 Some of these methods are
relatively accurate under specific and
controlled circumstances. However, the
unpredictability of various environmental
factors has prevented the development of a
single reliable predictor. The most accurate
estimates of the time of death are best
achieved early in the post-mortem period
before the many environmental variables
can have any significant effect on the
result.5
Whilst dependence on macroscopic
observations together with a sense of
ingenuity and “lateral thinking” were the
former keystones of past forensic practice
the application of both histological and
molecular diagnostic techniques is
becoming increasingly important as an
essential part of the armamentarium of
tools used in modern forensic pathology. 6
Using light microscopy cells are
recognized as being dead only after they
have undergone a sequence of

morphological changes.7 These changes
occur as a result of two cellular processes apoptosis, a programmed, orderly form of
cell death, and necrosis, an disorderly and
unpredictable form of cell death.4 The
necrotic cells show increased eosinophilia,
and may have a more glassy homogenous
appearance than normal cells.7 Nuclear
changes may appear in the form of one of
three patterns, the basophilia of the
chromatin may fade (karyolysis), nuclear
shrinkage (pyknosis) may occur or the
pyknotic or partially pyknotic nucleus may
undergo fragmentation (karyorrhexis). 7
Studies are available relevant to the gross
and histologic changes that occur in the
skin after death5, However, there have
been no systemic studies published in the
English literature that relate
to the
histological changes that occur in human
gingival tissues after death.. The aim of the
present study was to evaluate post-mortem
epithelial (cytoplasmic & nuclear) and
connective tissue degenerative changes
observed in the gingival tissues obtained
from
31
non-refrigerated
bodies
(experimental group). It was postulated
that there may be a specific pattern of
histological changes observed that may
prove useful to determine the time interval
after death. Standardization was performed
using 10 samples of gingival tissues
obtained
from
clinically
healthy
individuals following crown lengthening
procedure (control group).
MATERIALS AND METHODS
The investigation was conducted on
samples of labial gingival tissues obtained
at autopsy by the Department of Forensic
Medicine in accordance with the
declaration of Helsinki. Ethical clearance
was in accordance with the institution (IRB
approval #559). General information,
including the age, sex, date of death, cause
of death, and the time elapsed after death
and arrival at the mortuary was
determined. The bodies were not subject to
20
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refrigeration during this period between
death and arrival at the mortuary. On
arrival at the mortuary the cadavers were
placed in a dry shaded area in temperatures
that varied from cool to temperate (380F770F). Biopsies from the labial gingival
tissues were taken for analysis.
The study comprised of 2 groups:
I.
Experimental group: this consisted
of 31 samples from the labial
gingival tissues obtained from unrefrigerated decedents. The group
was further subdivided into 3 subgroups;
Sub- group A: Tissues obtained
with <8 hrs of death (n=10),
Sub- group B: Tissues obtained
within 8-16 hrs of death (n=10)
Sub- group C: Tissues obtained
within 16-24 hrs of death (n=11).
For sampling purposes it was deemed
appropriate to divide this experimental
group into three sub-divisions based on an
eight hour difference. This decision was
based on the fact that the process of
cellular decomposition commences 10
hours
post-mortem
and
other
decomposition
changes
occur
subsequently.4
II.
Control group: this consisted of 10
gingival samples from clinically
healthy individuals following crown lengthening procedure. Firmly attached
gingival tissue with no loss of clinical
attachment and devoid of clinical signs
of inflammation were included in the
sample.
The specimens were fixed immediately in 10%
formalin, processed, sectioned and stained
with haematoxylin and eosin. The specimens
were examined under a light microscope by 3
independent observers who were unaware of
the time of death. The changes in the
epithelium (cytoplasmic & nuclear) and
connective tissue were assessed. Sequential
analysis of the following histological changes
of the biopsies of all individuals was carried
out.
A. Epithelial changes



Cytoplasmic
features:
eosinophila, homogenization/
presence of distinct cellular
outline and vacuolation.
 Nuclear
features:
presence/absence of distinct
nuclear outline, karyolysis,
pyknosis, karyorrhexis and
vacuolation.
 Presence
of
intercellular
bridging/ junctions.
B. Separation of epithelium and
connective tissue
C. Connective tissue changes
 distribution of collagen
fibres,
 fibroblasts vacuolation,
 type and distribution of
inflammatory component
The degree of histological (epithelial and
connective tissue) changes in the postmortem samples was correlated to the time
interval since death. Comparison with
ante-mortem samples was undertaken.
RESULTS
Epithelial changes
The initial changes observed in the
epithelium of the early post-mortem period
(0-8hrs) were homogenization and
eosinophilia, predominantly seen in the
superficial and spinous epithelial cell
layers. This spread progressively to include
the entire thickness of the epithelium. The
changes became more apparent with
increasing length of post-mortem interval
(8-16 and 16-24 hrs). Cytoplasmic
vacuolation in the superficial and the
spinous cell layers of the epithelium was
evident after a post-mortem period of 8 hrs
and was limited to the spinous layer solely
in sub group C. Nuclear changes such as
vacuolation, karyorrhexis, pyknosis and
karyolysis were present early after death
(sub group A) in the superficial layers and
were seen extending throughout the
epithelium in the late post-mortem
intervals (sub group B and C). Other
21

Histological assessment of cellular changes in postmortem gingival specimens for estimation of time since death. Yadav et al.

epithelial changes noticed were shredding
of epithelium in the superficial layers,
ballooning, loss of nuclei and suprabasilar
split. All of these changes became
progressively more apparent toward the
end of the late post-mortem interval (sub
group C). An exceptional biphasic pattern
of staining was also evident in samples

taken from sub group C. None of the
features described above were present in
the control group (group II). Both the
groups including sub groups A, B and C
did not demonstrate any split at the
junction of epithelium and connective
tissue interface (Table 1, Figure 1-3).

Fig.1: Early postmortem changes in the gingiva (0-8hrs). (A) Eosinophilia, homogenization

and nuclear changes in superficial layers of epithelium (H&E,X100). (B) Homogenization of
collagen bundles in the connective tissue stroma.

Fig. 2: Late postmortem changes in the gingiva (8-16hrs, 16-24hrs). (A) Cytoplasimic
vacuolation (arrow) and ballooning of cells (arrow head) evident in the superficial and
spinous layer of epithelium in 8-16 hrs of PMI (H&E,X400). (B) Shredding (arrow)
and other epithelial changes are observed in the whole epithelium in subgroup C
(H&E,X100). (C) Disruptive epithelium showing nuclear degenerative changes
(arrow) in subgroup C (H&E,X400).
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Fig. 3: (A) Suprabasilar split (arrow) observed in late postmortem period (16-24hrs)
(H&E,X100). (B) Connective tissue stroma shows homogenization of collagen
bundles with fibroblast vacuolation and moderate inflammatory infiltrate (16-24hrs)
(H&E,X100).
Connective tissue changes
An intact parallel arrangement of collagen
fibres were seen in the control group while
homogenization of collagen bundles was
evident in the experimental group with
formation of clumps in the later period of
PMI (sub group B and C). Fibroblast
vacuolation commenced early after death
and was most prominent in sub group C.

The inflammatory component was
diffusely spread in the early samples taken
in the PMI (0-8 hrs). In later samples taken
from subgroups B and C (8-16hrs and 1624hrs) the inflammatory component was
focal
to
diffuse
and
composed
predominantly of lymphocytes. Sub groups
B and C also showed evidence of plasma
cells (Table 1, Figure 1,3).

Table 1 - Histologic postmortem changes in the gingival tissue at different PMI
Histologic
postmortem
features
Homogenization

PMI <8 hrs (n=10)

PMI 8-16 hrs (n=10)

PMI 16-24 hrs
(n=11)

Control (n=10)

In superficial &
spinous layer (100%)

Throughout the
epithelium (100%)

Throughout the
epithelium (100%)

Absent (100%)

Eosinophilia

In superficial &
spinous layer (100%)

Throughout the
epithelium (100%)

Throughout the
epithelium (100%)

Absent (100%)

Cytoplasmic
vacuolation

Absent (100%)

In superficial &
spinous layer (70%)

In superficial &
spinous layer (82%)

Absent (100%)

Karyolysis

In superficial layer
(40%)

In superficial &
spinous layer (70%)

In superficial &
spinous layer (82%)

Absent (100%)

Pyknosis

In superficial &
spinous layer (90%)

Throughout the
epithelium (100%)

Throughout the
epithelium (100%)

Absent (100%)

Karyorrhexis

In superficial layer
(90%)

In superficial &
spinous layer (100%)

Throughout the
epithelium (100%)

Absent (100%)
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Nuclear
vacuolation

In superficial &
spinous layer (90%)

Throughout the
epithelium (100%)

Throughout the
epithelium (100%)

Absent (100%)

Epithelium
(shredding)
Epithelium
(ballooning)
Epithelium
(disruption)
Suprabasilar
sepration
Sepration b/w Epi
& CT
Distribution of
collagen

In few (30%)

Present (90%)

Present (100%)

Absent (100%)

In one sample (10%)

Present (50%)

Present (70%)

Absent (100%)

Absent (100%)

Absent (100%)

Present (60%)

Absent (100%)

Absent (100%)

In few (20%)

Present (70%)

Absent (100%)

Absent (100%)

Absent (100%)

Absent (100%)

Absent (100%)

Homogenized (70%)

Homogenized
(clumps in few) (90%)

Distribution of
inflammation
Type of
inflammation

Diffuse (100%)

Focal & diffuse
(100%)
Lymphocytes &
plasma cells (100%)

Homogenized
(clumps in few)
(82%)
Focal & diffuse
(100%)
Lymphocytes &
plasma cells (100%)

Intact, Parallel
arrangement
(100%)
Absent (100%)

Present (80%)

Present in all (100%)

Absent (100%)

Absent (100%)

Present (100%)

Absent (100%)

Lymphocytes (100%)

Fibroblasts
Present in few (50%)
vacuolation
Biphasic staining Absent (100%)
pattern
PM: post-mortem interval

DISCUSSION
Whilst traditionally established techniques
are commonly used to estimate the time of
death during routine medico legal
autopsies there is a trend toward the
development and introduction of newer
techniques. It is established that the
reliance on a single technique can produce
erroneous outcomes.8 Following death
many physico-chemical changes begin to
take place in the body in an orderly
manner and continue until the body
eventually decomposes. Similarly, ongoing
cellular changes also occur after death that
depends on the time interval post-mortem
and the circumstances of the death. At
cellular level, in the first instance,
respiration ceases and glycolysis proceeds.
This results in the production of lactic acid
and a corresponding decline in the pH of

Absent (100%)

the cellular contents. Ultimately all
activities of cell metabolism terminate and
the subsequent predominance of lytic
enzymes results in autolysis. Post-mortem
changes are associated with tissue
degradation and the release of proteolytic
lysosomal enzymes from the cells. 9,10 Like
other body tissue cells, oral mucosa loses
its normal morphology as a result of postmortem autolysis and putrefaction. These
cellular changes can be a useful criterion
and marker for estimating the post-mortem
interval.
Currently there are no
publications in the literature that correlate
the degree of histological changes
observed in post-mortem human gingival
tissues with the time since death. The
present study was aimed to assess the early
post-mortem changes in the human
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gingival tissues and emphasizes the need
for further research.
The aim of this study was to observe and
assess the various sequential changes seen
in the microscopic appearance of human
gingival tissues (epithelium and connective
tissue) at different PMI. The initial
changes observed in the early post-mortem
period (0-8hrs) in the epithelium included
homogenization
and
eosinphilia
predominantly in the superficial and
spinous layers. This spread progressively
to include the entire thickness of the
epithelium. The changes became more
apparent with increasing length of postmortem interval (8-16 and 16-24 hrs).
Homogenization could be attributed to a
decline in the level of cellular glycogen
content. Eosinophilia could be attributed to
both depletion of normal basophilia
transmitted by RNA in cytoplasm and also
in part due to augmentation of eosin
binding to denatured intra-cytoplasmic
proteins. Cell death results in a decline of
intra-cellular pH which activates the
release of DNAase. This, in turn, results in
fading of the chromatin (karyolysis)6,7.
Karolysis was evident in the superficial
layers of all of the experimental samples.
Pyknosis (result of nuclear shrinkage) and
karyorrhexis (fragmentation of the
nucleus)7,11 was predominantly evident in
the superficial layers in the early postmortem interval samples. In the other later
post-mortem samples all of these changes
were apparent throughout the entire
thickness of the epithelium.
With increasing post-mortem intervals
nuclei may undergo complete dissolution.
This phenomenon was observed in later
post-mortem samples from sub-groups B
and C (16-24 hrs). Furthermore,
vacoluation of the cells due to digestion of
the organelles has also been reported after
death.7,10-12. In the present study, the
nuclear vacoulation was observed as early
as 0-8 hrs after death and at this post-

mortem interval vacuolation was limited to
the superficial layers of epithelium. With
increasing post-mortem intervals (8-16,
16-24hrs)
vacuolation
progressively
increased to include the entire thickness of
the epithelium.
Paradoxically, cytoplasmic vacoulation
was observed only in the late post-mortem
samples (8-16, 16-24 hrs) and was utterly
absent in earlier samples (0-8 hrs). This
observation could suggest that nuclear
degenerative changes usually precede
cytoplasmic degenerative changes after
death.
Ballooning of the cells that
becomes apparent just after death was also
seen in the later post-mortem intervals (816,16-24 hrs). This may represent a loss of
potential of the cell to actively remove the
influx of ions from the plasma
membrame.7
Additionally,
loss
of
architecture of the epithelium in the late
post-mortem interval as a result of
shredding of the superficial layers and
disruption may be caused by severance of
the cells and denaturation of the proteins
due to the lytic activity.4
All of the gingival samples exhibited an
intact epithelial - connective tissue
junction without any severance/ breach.
This could signify that the separation of
the epithelium and the lamina propria
could be a change that could occur in later
post-mortem intervals i.e. after 24 hrs. It is
significant that Kovarik et al observed that
the initial cleavage in the dermoepidermal junction of skin occurred after
24 hrs post-mortem.5
In relation to the connective tissue
component of the control group a parallel
arrangement of collagen fibres was
recognised as normal. However clumping
of collagen fibres was observed within a
few samples of sub-group B and within
almost all of the samples within sub-group
C.
As a degenerative change, fibroblasts
revealed nuclear vacoulation. This nuclear
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vacuolation increased proportionately with
the passage of time post-mortem. It was
more pronounced in samples taken 16–
24after death than in the samples obtained
less than 8hrs after death.
These changes could be due to hypoxia
resulting from the severance from the
vascular network and the start of
inflammation.10-12. Inflammatory cells,
predominantly lymphocytes and plasma
cells, (in subgroup B and C) were seen
distributed focally and in diffuse patterns
prominently
in
the
sub-epithelial
connective tissue.
In comparing the histological findings of
the experimental and control groups none
of the changes seen in gingival tissues of
the samples obtained post-mortem were
observed in the ante-mortem samples.

place restraints on the role of forensic
pathologists to estimate the time of death.
Although there are many methods
available to estimate the time of death,
none is reliable enough by itself as a
“stand alone” method because of the
inevitable influence of unpredictable
external factors. In this context the
histological changes that occur postmortem in human gingival tissues would
appear to be useful method to estimate the
time of death in the early PMI (0-24 hrs).
However, more research is needed to
verify, refine and expand these initial
results. Despite some constraints, such as
the limited number of subjects and the
relatively short time span of the postmortem period, the present study
demonstrated the potential of this method
as a tool for use in forensic practice.
Further research using larger sample sizes
and an extended time range could assist
forensic practitioners in estimating a
precise time of death.

CONCLUSION
There is a paucity of information in the
literature in relation to the decomposition
of oral tissues. As a consequence this can
.
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Abstract
Oral leukoplakia is a morphological alteration of tissue that is an early indicator for malignancy.
Tenascin (TN) is a large hexameric extracellular matrix (ECM) protein with anti-adhesive properties
that fosters cell migration during development, wound healing and tissue remodeling; it is present
in small amounts in adult tissues. Overexpression of TN in a pathological condition may be either
a cause or a consequence of the disease. We evaluated the efficacy of TN for early prediction of
tobacco-associated oral cancers. We studied retrospectively 95 cases of oral leukoplakia, including
mild, moderate and severe cases, using immunohistochemistry for TN. We evaluated the intensity,
area and pattern of TN expression. Greater intensity and area of TN expression was observed in
mild and severe dysplasia than in moderate dysplasia. Most cases showed a reticular pattern of
expression, especially in mild and moderate dysplasia; a fibrillar pattern was more evident in
severe dysplasia. We also observed homogeneous expression pattern in some cases. TN is a marker
for dysplastic changes in epithelium and its expression may be helpful for predicting the malignancy potential of tobacco-associated oral leukoplakia.
Key words: dysplasia, immunohistochemistry, oral leukoplakia, tenascin
Head and neck squamous cell carcinoma is the
sixth most common cancer world-wide; more than
500,000 new cases are diagnosed annually (Jemal
2009). Tobacco use in both chewing and smoking
forms is the main cause of oral squamous cell carcinoma (OSCC). Tobacco dependence has serious oral
health consequences and is considered a preventable cause of premature death. Tobacco use is more
common among teenagers and young adults than in
the adult population (Warnakulasuriya 2005).
OSCC is preceded by visible changes in the
oral mucosa such as leukoplakia (Warnakulasuriya
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and Ralhan 2007), which also is referred to as
oral premalignant lesion (Warnakulasuriya et al.
2010). Leukoplakia is defined by the World Health
Organization as a white patch or plaque that cannot be
scraped off or characterized clinically or pathologically as any other disease (Warnakulasuriya et al.
2007). Oral leukoplakia indicates a risk of malignancy; nearly 11% of oral cancers develop from such
premalignant lesions (Wenghoefer et al. 2010). Prediction of carcinomatous changes in oral premalignant lesions (OPL) is subjective. Molecular markers
would be useful for predicting the progression of
OPL to malignancy (Narayana et al. 2010).
Various immunohistochemical (IHC) biomarkers have been investigated for use as alternatives
to subjective histopathological diagnosis. Several
markers exhibit enhanced expression and alteration of receptors for growth signals including
TGF-a, EGFR family members and Her 1, 2, 3, 4.
Other markers that play significant roles in oral
1
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carcinogenesis include epithelial markers such as
E-cadherin, catenin, epithelial cell adhesion molecule (Ep-CAM) and cytokeratins (CK), such as
CK 1, CK 10 and CK 19. None of these markers
has been investigated in depth or has reached the
stage of clinical trials. It appears that epithelium
expresses molecular markers that play a role in the
development of oral cancer. Unfortunately, there
have been few reports concerning these markers
with sufficient sample size to determine their significance (Ahmad 2013a,b).
Surface epithelial tumor cells proliferate and
invade the underlying connective tissue; however,
few investigators have studied connective tissue
markers. Epithelial cells are polarized and connected to each other by cell junctions; mesenchymal
cells are neither polarized nor interconnected. The
term, epithelial-mesenchymal transition (EMT) has
been used to characterize epithelial cell conversion
into mesenchymal cells during embryogenesis,
tumorigenesis, and during invasion and metastasis (Savagner 2001, Thiery et al. 2009, Baum et al.
2008, Yang and Weinberg 2008). EMT is controlled
by complex signaling pathways (Thiery et al. 2009,
Baum et al. 2008, Yang and Weinberg 2008).
Several extracellular matrix (ECM) molecules have been described, but some molecules
remain uncharacterized, including tenascin (TN).
We determined earlier the roles of TN during
odontogenesis and in OSCC. Expression of TN in
normal oral mucosa was limited, but it was more
abundant under pathological conditions (Mane
et al. 2011). Overexpression of TN in any pathological condition may be either the cause or the
consequence of the disease (Bourdon and Erkki
1989). It is likely that TN is linked to EMT and
that it could serve as a marker for tumor development. Therefore, we evaluated the effectiveness of
TN for early prediction of tobacco-associated oral
cancer.

Demographic data
Demographic data, the site of the lesion and the
duration of tobacco habit were obtained from
archived case histories.
Histology and study group criteria
Two 4 mm thick sections of formalin fixed, paraffin
embedded tissues were cut. Sections were attached
to 3-aminopropyl triethoxysilane (APES) gel coated
slides (Sigma Aldrich, Bangalore, India). One
section of each sample was stained with routine
Harris’ hematoxylin and eosin (H & E) to confirm
the earlier diagnosis Samples were categorized
according to the criteria of the WHO collaborating
center for oral precancerous lesions (WHO 2005) as:
group 1, mild dysplasia (n  43); group 2, moderate
dysplasia (n  25); group 3, severe dysplasia (n  27)
(Fig. 1). The second section from the sample was
stained for TN using IHC.
IHC
We used the Super Sensitive One-Step Polymer HRP™
system (QD-600; Biogenex, Bangalore, India) with
mouse monoclonal anti-human TN primary antibody,
which recognizes all isoforms of TN (Clone BC-24,
T-2551; Sigma Aldrich) diluted 1:400 as recommended
by the supplier. Samples of squamous cell carcinoma
constituted positive controls. Slides were deparaffinized, dehydrated through graded alcohols and rinsed
with distilled water. For every step of IHC, phosphatebuffered saline, pH 7.2–7.6 (PBS), was used as the wash
buffer. Excess wash buffer was removed by blotting
with tissue paper and care was taken to prevent drying
of the sections. Endogenous peroxidase activity was

Material and methods
Oral leukoplakia samples
We obtained institutional ethical clearance for our
retrospective immunohistochemical study of 95
cases of oral leukoplakia. Paraffin embedded tissues from diagnosed cases of leukoplakia with
dysplasia were retrieved from the archives of the
Department of Oral Pathology, KLE VK Institute of
Dental Sciences, Belgaum. All cases were re-graded
by the authors as mild, moderate or severe according to the modified WHO 2005 grading system
(WHO 2005).
2
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blocked by incubating the slides with 3% H2O2 for
10 min. Antigen retrieval was performed by heatinduced epitope retrieval (HIER) in citrate buffer, pH
6.0, at 96° C for three cycles in an EZ retrieval microwave (Biogenex, Hyderabad, India). Sections were
removed from the citrate buffer, cooled to room temperature, then incubated for 1 h with primary antibody
diluted 1:400 with PBS. Sections then were incubated
with the biotinylated secondary antibody with polymerase chain background for 30 min in a humidified
chamber. To visualize the reaction, slides were incubated with diaminobenzidine (DAB) for 10 min, then
counterstained with Harris’ hematoxylin for 30 sec,
followed by bluing in running tap water. Finally, slides
were dehydrated, dipped in xylene and mounted.
TN immunoexpression was evaluated at x 10
magnification using a binocular light microscope.
Evaluation of intensity, and area and pattern of
expression was based on our earlier study (Mane
et al. 2011). Intensity of TN expression was scored
as: (–) no staining, () golden brown, () light
brown, () dark brown. The area of expression
was graded as area 1, thin delicate continuous or discontinuous line throughout the basement membrane;
area 2, throughout the basement membrane and
juxta-epithelial stroma; area 3, in the basement membrane, juxta-epithelial stroma and deeper stroma.
The TN expression pattern was defined as linear,
fibrillar, focal or reticular. All slides were evaluated

by two oral pathologists and consensus was reached
when there was a difference of opinion. Data were
entered in an Excel spreadsheet and were validated
by cross-verification at every seventh number to
prevent incomplete or incorrect data. Validated data
were entered into an SPSS database for analysis.
Statistical analysis
The intensity and pattern of TN expression were
compared among the three dysplastic groups and
statistical analysis was performed using the chisquare test. Values for p  0.05 were considered
statistically significant.

Results
Our specimens were from a wide range of ages
(21  75 years). All specimens were from persons
with a history of tobacco consumption; most used
chewing tobacco. The data regarding the duration
and frequency of a tobacco habit were incomplete.
The most common site for a lesion was the buccal
mucosa and the lesions varied in size.
Of 95 cases of leukoplakia, 49 cases (51.5%)
showed intense TN expression () limited to
the area at the basement membrane zone together
with juxta-epithelial stroma (area 2) (Figs. 2, 4). With
regard to the intensity of TN expression in different

Fig. 2. Intensity, area and pattern of expression of TN in epithelial dysplasia.
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Fig. 3. A  D) Minimal intensity of TN immunoexpression at the basement membrane zone among the cases of moderate
dysplasia. IHC. 310.

grades of dysplasia, we observed () intensity in
cases of moderate dysplasia (16%) (Figs. 2, 3), and
() intensity in both mild (41.8%) and moderate
dysplasia (40%) (Figs. 2 and 4, respectively); intense
expression () was evident in cases of severe
dysplasia (70.3%) (Figs. 2, 5).
We observed that TN expression in the stromal
areas of a majority of cases was limited to area 1:
in cases of moderate dysplasia (32%), area 2: in
cases of mild dysplasia (65.1%). To the contrary, in
the majority of cases of severe dysplasia (55.5%),
TN expression was observed in area 3 (Fig. 2).
Therefore, expression of TN was significantly greater
in a major part of the connective tissue in cases of
severe dysplasia compared to mild and moderate
dysplasia.
We observed that most cases of dysplasia
showed a reticular pattern of TN expression (n  49;
51.5%). The reticular pattern of expression was
more frequent in cases of mild (58.1%) and moderate dysplasia (48%) (Figs. 1, 2). In a few cases, an
unusually homogenous pattern of TN expression
was observed in mild and moderate dysplasia. The
majority of cases of severe dysplasia showed both
reticular and fibrillar patterns of expression (44.4%)
(Figs. 2, 5).
4

Discussion
Epithelial-mesenchymal interaction is crucial for
organ growth and differentiation, and for tumorigenesis. Epithelium requires mesenchymal support for its maintenance and function. Functional
changes in the epithelium are caused by signals
from the mesenchyme (Ten Cate 1989). Epithelialmesenchymal transition (EMT) has been suggested
to be important for the initial stage of tumor cell
formation and later progression into mesenchymal epithelial-like transformation (MET) (Savagner
2001, Thiery et al. 2009, Baum et al. 2008, Yang and
Weinberg 2008).
EMT requires matricellular proteins, which are
structurally diverse ECM-associated glycoproteins
that are secreted by both tumor cells and adjacent
stromal cells. The phases of EMT include the proliferative phenotype of epithelial cells, transition
of epithelial to mesenchymal cells, migration and
motility of mesenchyme-like cells and transition of
mesenchymal to epithelial cells (Chong et al. 2011).
TN is a large hexameric ECM protein that is
a member of a small group of matricellular proteins; it has anti-adhesive properties that affect
cell-matrix interaction. The anti-adhesive property
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Fig. 4. A  D) Increased TN immunoexpression at the basement membrane zone and juxta-epithelial stroma among
cases of mild dysplasia. IHC. 310.

of TN enables cells to migrate during development, wound healing and tissue remodeling, but
its expression is limited in normal adult tissues
(Sangaletti and Colombo 2008).
TN has been studied extensively in developing
mammary glands, brain, lung, kidney and teeth, and
in inflammation and various malignancies. Several
reports have described the importance and function
of TN in oral cancer; it has been implicated in tumor
angiogenesis and metastasis (Lyons and Jones 2007,
Mendez et al. 2002, Choi et al. 2008).
The utility of TN as a molecular marker for cancer is controversial. For example, stromal expression of TN-C had no correlation with tumor stage
or prognosis in stomach adenocarcinoma (Zirbes
et al. 1999), or with invasion, metastasis or survival
in gastric carcinoma (Ikeda et al. 1995, Ilunga and
Iriyama 1995) and TN expression was not correlated with improvement in neurological functions
in pediatric supratentorial glioblastoma multiforme
(Germano et al. 2000). By contrast, high TN-C
expression was correlated with lung metastasis in
cases of breast carcinoma (Minn et al. 2005, Oskarsson
et al. 2011, Tavazoie et al. 2008). Therefore, increased
TN expression is not always correlated with aggressive behavior and prognosis in all types of cancers.
This discrepancy may depend on patient sampling

and the method of assessment or it could be due to
different roles of TN in individual tumor biology.
Clarification of these observations requires further
investigation.
TN impacts cardiac injury, inflammation and
tissue remodeling. It also is a tumor vessel marker
for carcinogenesis. TN also has reached the stage of
clinical trials including preclinical and clinical stages
of phase I/II and phase III in human malignant
brain tumors with good tolerance and minimal toxicity by using radio labeled I-81C6 anti-tenascin-C
antibody injection into the surgical resection cavity and F16 anti-tenascin-C antibody coupled with
IL-2 followed by radiotherapy with temozolomide
(Midwood et al. 2011).
Deposition of new ECM is required to maintain
tissue architecture and functionality. Owing to its
adhesive and non-adhesive properties, TN participates in both these activities by binding with other
ECM molecules and helps cleave cryptic adhesive
sites to aid tumor bed formation (Midwood and
Orend 2009).
There are only a few reports regarding expression of TN in premalignant lesions like leukoplakia (Titta et al. 1994, Shrestha et al. 1994); there
are no reports concerning TN in OPL such as
tobacco-associated leukoplakia. We observed that
Tenascin immunoexpression in oral leukoplakia 5
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Fig. 5. A  D) Increased TN immunoexpression at the basement membrane zone, and juxta-epithelial and deeper
stroma among cases of severe dysplasia. IHC. 310.

the majority of cases of moderate dysplasia showed
minimal TN expression in oral leukoplakia, which
was limited to area 1, whereas the intensity and area
of expression was greater in mild dysplasia and
still greater in severe dysplasia. We also observed
uneven distribution of TN expression in the basement membrane zone in some cases (Fig. 6).
An unusual homogeneous pattern of TN expression was observed in the basement membrane
zone that showed predominantly hyperkeratosis
with minimal to moderate dysplasia. This homogenous pattern of TN expression resembled the thick

Fig. 6. Uneven distribution of TN immunoexpression in
the basement membrane zone. IHC. 310.

6

eosinophilic material deposited below the basement
membrane that was observed by H & E staining
(Fig. 7A, B); this distinct pattern of TN expression
has not been described for any other neoplasm.
We suggest that a homogeneous pattern of TN
expression appears at an early stage in the dysplastic change in epithelium. We suggest further that
the thick eosinophilic material deposited below the
basement membrane with a homogeneous pattern
of TN expression may indicate an active epithelial-

Fig. 7. A) Minimal dysplastic epithelium with basement
membrane duplication. H & E. 310. B) Minimal dysplastic
epithelium with homogeneous pattern of TN immunoexpression in the basement membrane zone. IHC. 310.
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mesenchymal interaction at an early stage of
tumor progression.
We observed a predominantly reticular pattern
of TN expression in mild and moderate dysplasia
and a fibrillar pattern in severe dysplasia. Therefore,
we propose that a sequence of TN expression from
homogeneous to reticular, then to fibrillar expression could indicate increasing grades of dysplasia.
Greater amounts of TN in mild dysplasia
suggest that EMT is occurring, which causes deposition of TN. This critical initial event cannot be
detected by routine H & E staining. It has been
proposed that TN is distributed at sites of active
cell migration; this explanation is plausible based
on uneven distribution of TN below the full length
of epithelium (Fig. 6) (Chuong and Chen 1991,
Howeedy et al. 1990).
Enhanced TN expression in severe dysplasia
suggests that ECM is a dynamic structure that is
sensitive to alterations of its composition. When epithelium undergoes dysplastic changes and invades
the ECM, interaction between the epithelial cells and
ECM regulates processes such as matrix formation.
Composition of the stroma surrounding tumors
closely resembles that of healing wounds (Daniel
et al. 1998). Our results are consistent with reports
that suggest that increasing grades of dysplasia are
accompanied by increased TN immunoreaction
(Tittaet al. 1994, Shrestha et al. 1994). Moreover, we
observed increased TN expression during initial
(mild) and later stages (severe) of dysplasia. Active
remodeling of ECM together with modulation of
epithelium and connective tissue occurs at these
crucial stages; therefore, matrix molecules like TN
play an important role. The sequential events in epithelial dysplasia from mild to moderate to severe
are regulated by growth factors including epidermal growth factor, insulin-like growth factors I and
II, and TGF-a and TGF-b. TN is secreted by fibroblasts and assembled as a major ECM protein at the
basement membrane, which further facilitates cell
differentiation and facilitates tumor cell migration
by its anti-adhesive property (Peter et al. 1992).
Remodeling of stroma is required for epithelial cell invasion. We observed previously that TN
expression was greater at the initial (bud) and later
(bell) stages of developing tooth than at the intermediate (cap) stage (Mane et al. 2011). Therefore, TN
expression appears to be enhanced during active
differentiation of epithelial cells and is accompanied by supportive remodeling of stroma at various stages of development as well as during disease
progression.
Nagaharu and Zhang (2011) demonstrated deposition of TN at the invasive front of breast carcinoma

cell lines and confirmed the active participation of
TN in EMT. The literature contains few reports,
however, regarding EMT in potentially malignant
oral lesions. The role of TN during EMT must be
established by investigations using cell culture of
oral cancer tissue.
TN plays an important role in ECM remodeling
and is active during carcinogenesis. The role of TN
in the prognosis of various grades of leukoplakia
requires further clinical evaluation of the size of a
lesion and duration of a tobacco habit. Verification
of the role of TN requires the use of other techniques
such as cell culture assays and PCR to establish a
clinical application for TN.
The increasing incidence of tobacco-associated
lesions presents a challenge for determining their
malignant potential in precancerous lesions. Clinically diagnosed cases of leukoplakia that show
histopathological dysplastic changes with clear
association with a tobacco habit should be subjected
to TN immunostaining to detect active epithelial
and mesenchymal interaction, which is crucial for
cancer progression.
Declaration of interest: The authors report no conflicts of interest. The authors alone are responsible
for the content and writing of this paper.
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Abstract
Background and Aim As far as research regarding any
disease is concerned, each and every aspect poses a challenge. One such entity that poses a challenge in our arena is
oral submucous fibrosis (OSF) as no effective treatment is
available for this progressively disabling condition with high
malignant potential. Hence the present study was undertaken
with the aim to determine the use of pentoxifylline (PTX) on
the clinical and histopathologic course of OSF.
Method Thirty clinically confirmed OSF patients were
categorized randomly into group I and group II. In group I,
drug PTX was administered as an adjunct along with other
conventional therapies. Group II patients were advised

conventional therapies only. Pre- and post-treatment
biopsies were obtained for the following parameters:
1.
2.
3.
4.

Results
1.
2.

3.
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Micro-vascular density (MVD),
Area percentage of blood vessels,
Severity of fibrosis, and
Inflammatory components.

On comparing MVD in groups I and II there was no
significant difference in pre- and post-treatment.
On comparing the average area percentage occupied
by blood vessels, significant difference was seen in
pre- and post-treatment biopsies in group I.
On assessment of mouth opening and tongue protrusion, there was no significant improvement in either of
the groups individually or in comparison. But when
burning sensation of mucosa was assessed, pre- and
post-treatment, both groups showed quite significant
improvement individually.

Conclusion Use of pentoxifylline seemed to be questionable, and taking into consideration the long administration time, its use is not recommended for the treatment
of OSF patients.
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Over the years, man backed by his scientific temper and
skills has been able to derive treatment and cures for various diseases, but certain diseases continue to pose a serious challenge to medical science and defies all rational.
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One such condition is oral submucous fibrosis (OSF). After
years of painstaking research and efforts of undeterred
clinicians and researchers, satisfactory modes of treatment
for OSF are still awaited. It is therefore a cause of concern
as it is a crippling disease of mouth with high malignant
potential [1]. This disease is all the more important since it
is one of the most common oral conditions seen in Indian
subcontinent [2]. In 2002, the statistics from Indian subcontinent alone was about 5 million people (0.5 % of the
population of India) [3]. In an epidemiological study on
oral cancer and precancerous lesions in rural Indian population conducted over a 17-year period, 7.6 % malignant
transformation rate in OSF is reported [4].
Oral submucous fibrosis has its first reference since the
time of Sushrutha (1952) as ‘vidari’ [2]. It is a chronic,
insidious, disabling and irreversible disease. Although the
etiology is not known, the current concept suggests
etiology to be multifactorial with the role of areca nut
chewing, hereditary, nutritional deficiencies and immunological factors being few of them. The disease leads to
fibroelastic transformation of the lamina propria and epithelial atrophy of the oral mucosa [5]. It has been demonstrated that gender, age, location and distribution of this
disease constitute a regional variation, which is attributable
to differences in the areca nut chewing between the genders
and in geographic areas [6]. Although vesicle formation is
an early sign, patients’ usual complaint is burning sensation
and inability to tolerate hot and spicy food [7]. In advanced
cases restricted tongue and jaw movement can also be seen
[8].
The characterization of its pathogenesis is still met with
difficulties. The degree of vascularity of the diseased
mucosa in OSF has always been a matter of dispute and
epithelial atrophy in OSF is based on the assumption of an
ischemic epithelium resultant to poorly vascularised stroma
due to fibrosis. Good case-control studies on the integrity
and patency of microvasculature is still lacking [9].
Since etiology and pathogenesis of this premalignant
condition is not well understood, management of this
condition has still not been satisfactory for the simple
reason that the fibrotic changes which have taken place
with severe epithelial atrophy cannot be reversed. Current
treatment modalities available are mostly symptomatic
including injection of hyaluronidase, hydrocortisone, triamcinolone, placental extract, plus vitamin and iron supplements being most popular. Surgical treatment is the
method of choice in patients with marked limitation of
opening and in cases where biopsy has revealed dysplastic
or neoplastic changes. Although various surgical modalities were proposed for the management but in long run
patient shows recurrence of restricted mouth opening.
Hence drug therapy forms an inseparable part of OSF
management which apart from increasing mouth opening
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relieves early stage patients from severe fibrotic changes.
Hence the present clinical study was undertaken to evaluate
the efficacy of pentoxifylline (PTX), a methylxanthine
derivative, in patients with OSF.

Aim and Objectives
The present study was undertaken with the aim to determine the effect of PTX on the clinical and histopathologic
course of OSF.
The objectives were:
1)
2)

To determine the effect of PTX on the clinical and
histopathologic course of OSF, and
To assess the acceptability of PTX as an adjunct in
conservative management of OSF patients.

Materials and Methods
The research protocol for this study was reviewed and
approved by the Institutional Review Board at KLE VK
Institute of Dental Sciences (KLE VKIDS), Belgaum,
India.
Source of Data
Patients of either sex, above 18 years of age, reporting to
the outpatient Department of Oral Medicine and Radiology
at KLE VKIDS, Belgaum, were included in the study after
obtaining a written informed consent from the patient.
Method of Collection of Data
The inclusion criteria included (a) 30 clinically confirmed
cases of OSF (b) habitual chewers of areca-quid or pan
masala and (c) more than 18 years of age. The following
exclusion criteria were considered (a) patients with history
of any systemic disease like diabetes, hypertension, etc.
(b) Pregnant or lactating mothers (c) patients who have
previously exhibited intolerance to PTX or other xanthines
such as caffeine, theophylline, etc. (d) patients below
18 years of age, and (e) patients with any developmental
defects or TMJ disorders.
Thirty patients fulfilling the criteria set for patient
selection were randomly selected and data was collected
regarding socio-demographic factors, any oral habits and
oral hygiene practices. The severity of the condition was
clinically graded using Khanna and Andrade [10] classification and the patients were categorized into two groups in
the following manner:
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1.
2.

Group I: Clinically diagnosed OSF patients in whom
PTX was administered (interventional group; n = 15).
Group II: Age and sex matched patients in whom PTX
was not administered (control group; n = 15).

Method
In the present study 30 patients were enrolled, and were
categorized randomly into group I (n = 15) and group II
(n = 15). All the cases underwent detailed history as per
the case history proforma and thorough oral examination.
In group I, drug PTX was administered as an adjunct along
with other conventional therapies that included intralesional corticosteroid, hyaluronidase and placentrix injections, along with local heat therapy and mouth stretching
exercises. The drug PTX was administered as an inductive
regime for the initial 15 days at a reduced dosage of 2
tablets daily. At the end of the period, all the patients in
group I underwent routine blood and systemic examinations to record untoward effects, if any. Thereafter the dose
was hiked to 3 tablets daily. The control group was advised
conventional therapies only. Biopsies were obtained from
buccal mucosa and histopathological examinations were
done by three different oral pathologists and were assessed
for the following parameters:
1.
2.
3.
4.

Micro-vascular density (MVD),
Area percentage of blood vessels,
Severity of fibrosis, and
Inflammatory components.

For every biopsy taken, five high power fields were
selected and Leica Q win software was used to outline the
vessels and measure their total number and also the area
percentage covered by blood vessels for every given field.
An average of all five fields was taken for both the
parameters, i.e., MVD and area percentage. Also follow-up
was done for every 15 days for each subject and clinical
OSF status was checked using following criteria [11]
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•
•

2 Moderate burning sensation
3 Severe burning sensation

Objective
1.
2.

Improvement in mouth opening, and
Improvement in tongue protrusion base-line reference
to vermillion lip.

After an average of about 4 months, biopsies were repeated
from the area as close as possible to the previous site of
biopsy in all patients and histopathological examinations
were carried out in the similar method as described before.
Clinical course of the disease and the effectiveness of
the treatment were assessed after comparing the pre- and
post-clinical and histopathologic findings based on established pathologic parameters (Figs. 1–4).
Statistical Analysis
The data was then analyzed by means of the Statistical
Package for Social Sciences (SPSS PC Version 15.0).
Unpaired and paired t-tests were applied for evaluating the
pre-, post-treatment and difference between the two
groups.

Results
The results of our study showed that the MVD in either of
the groups (interventional or control) showed no significant
difference in pre- and post-treatment (Tables 1, 2). But on
comparing the average area percentage occupied by blood
vessels, significant difference was seen in pre- and posttreatment biopsies of patients in interventional group

Subjective
1.
2.
3.

Relief from intolerance to spicy food and ‘burning
mouth’,
Improvement in salivation, rigidity of the mucosa and
de-papillation of dorsum of tongue, and
Improvement from tinnitus.

The patients were questioned about the degree of burning
sensation they observed upon ingestion of spicy food,
tobacco, hot beverages, etc., and following scores were
assigned.
•
•

0 No burning sensation
1 Mild burning sensation

Fig. 1 Pre-therapy biopsy for studying disease progression and
morphometry in control group
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(Tables 3, 4). On comparison of mouth opening (Tables 5,
6) and tongue protrusion (Tables 7, 8), there was no significant improvement in either of the groups individually or
in comparison. But when burning sensation of mucosa
(Tables 9, 10) was assessed, pre- and post-treatment, both
groups showed quite significant improvement individually.
But when improvement between two groups was compared, interventional group gave no better results than
control group.

Discussion

Fig. 2 Post-therapy biopsy for studying disease progression and
morphometry in control group

Fig. 3 Pre-therapy biopsy for studying disease progression and
morphometry in interventional group

Fig. 4 Post-therapy biopsy for studying disease progression and
morphometry in interventional group
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The backbone of science is various queries. The endless
series of questions and critical evaluation of answers to
every question has lead us to the current era of extensive
modern dental sciences. As far as research regarding any
disease is concerned, each and every aspect, that is, epidemiology, clinical manifestation, habit pattern, ecological
factors, etiology, pathophysiology and treatment pose a
challenge. In the current era of evidence based scientific
disciple, the queries are extensive dealing from individual
to molecular level. One such entity that poses a challenge
in our arena is OSF. Although many factors have been
elicited and worked upon, no concrete etiology/pathophysiology has been elicited and thus no effective treatment is available for this progressively disabling condition
with high malignant potential [12]. Since the treatment
available for this disease is limited, hence the present study
was undertaken to determine the use of PTX on the clinical
and histopathologic course of OSF.
Pentoxifylline (PTX) is a methylxanthine derivative and
a non-specific type IV phosphodiesterase inhibitor. It is
used clinically to treat patients with peripheral vascular
diseases [13]. Its pharmacological mechanisms are not
completely understood but has been shown to reduce production of collagen, expression of interleukin-6 and
transforming growth factor-beta 1 (TGFb1) in rat hepatic
stellate [14]. In a cultured HK-2 tubular epithelial cell line,
PTX directly upregulated the expression of vascular
endothelial growth factor mRNA by stabilization of its
mRNA and directly prolonging its half life [15]. This is a
substantial finding when considering the atrophic and
ischemic condition of oral mucosa in patients of OSF.
Epithelial atrophy in OSF is based on the assumption of an
ischemic epithelium resultant to poorly vascularised
stroma. The atrophic epithelium is envisaged to pre-dispose
to malignant transformation when brought in contact with
oral carcinogens [9]. In addition, PXT acts by increasing
red cell deformability, leukocyte chemotaxis, anti-thrombin and anti-plasmin activities, and also decreases red cell
and platelet aggregation, granulocyte adhesion, fibrinogen
levels, and whole blood viscosity [16]. Pentoxifylline has
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Table 1 Comparison of
interventional and control
groups at pre-, post-treatment
and difference with respect to
average microvascular density
by unpaired t test
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Variables

Groups

Pre-treatment
Post- treatment
Change

n

Mean

SD

t-value

p value

-0.9501

0.3502

-0.9076

0.3718

-0.0159

0.9874

Interventional

15

6.8267

1.8030

Control

15

7.4000

1.4871

Interventional

15

6.8933

1.9536

Control

15

7.4533

1.3763

Interventional

15

-0.0667

2.1296

Control

15

-0.0533

2.4442

Table 2 Comparison of pre- and post-treatment with respect to average microvascular density scores in interventional and control groups by
paired t test
Groups
Interventional
Control

Treatment

Mean

SD

Mean Diff.

SD Diff.

% of change

Paired t

p value

-0.07

2.13

-0.98

-0.1212

0.9052

-0.05

2.44

-0.72

-0.0845

0.9338

Pre treatment

6.83

1.80

Post treatment

6.89

1.95

Pre treatment

7.40

1.49

Post treatment

7.45

1.38

also been shown to increase the production of prostaglandins (specifically E2 and I2) by vascular epithelium,
important in maintaining cellular integrity and homeostasis
after acute injury [17–19]. The degree of vascularity of the
diseased mucosa in OSF has always been a matter of dispute while good case–control studies on the integrity,
patency and density of microvasculature are still lacking.
Hence the present study was undertaken at providing an
evidence for clinical usage of PTX as an adjunct in treatment of OSF and to investigate histologically whether PTX
has any effect of microvasculature for reversing the
condition.
Table 3 Comparison of interventional and control groups at pre-,
post-treatment and difference with respect to average area %age by
unpaired t test
Variables
Pre-treatment
Post- treatment
Change

Groups

n

Mean

SD

t-value

p value

2.3225

0.0277*

0.7470

0.4613

1.9565

0.0604

Interventional

15

8.3280

3.0427

Control

15

6.3800

1.1376

Interventional

15

6.7251

1.7524

Control

15

6.2713

1.5693

Interventional

15

1.6029

2.3901

Control

15

0.1087

1.7427

Fedorowicz et al. [20] reviewed the trial and found the
following lacunae:
•

•
•

•

•

Since the patients also received local heat therapy and
underwent forceful mouth stretching exercises it could
not be deciphered whether the improvement was due to
the drug or to associated heat therapy and stretching
exercises.
In addition the authors did not mention any assessment
of improvement in the range of jaw movement.
Changes in severity of burning sensation were reported,
but these parameters were poorly defined not based on
any recognized and validated pain scale and the reports
did not provide any reliable information on how the
assessments were made or how the scores were
calculated.
They assess ‘relief from difficulty of speech’ and whilst
it included data for both intervention groups the report
contained no information on how these speech evaluations were carried out.
Randomization of patients, allocation concealment and
blinding of patients/investigators as well as intention to
treat were unclear.

Also few of the previous studies on treatment of OSF
with PTX have shown improvement in the condition based

* p \ 0.05

Table 4 Comparison of pre- and post-treatment with respect to average area %age scores in interventional and control groups by paired t test
Groups
Interventional
Control

Treatment

Mean

SD

Mean Diff.

SD Diff.

% of change

Paired t

p value

1.60

2.39

19.25

2.5975

0.0211*

0.11

1.74

1.70

0.2415

0.8127

Pre treatment

8.33

3.04

Post treatment

6.73

1.75

Pre treatment
Post treatment

6.38
6.27

1.14
1.57

* p \ 0.05
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Table 5 Comparison of
interventional and control
groups at pre-, post-treatment
and difference with respect to
mouth opening by unpaired t
test

Variables

Groups

n

Mean

SD

t-value

p value

Pre-treatment

Interventional

15

19.9333

3.1275

-2.4539

0.0206*

Control

15

22.9333

3.5550

Interventional

15

21.0000

4.1231

-2.1493

0.0404*

Control

15

23.8000

2.9081

Post- treatment
Change

* p \ 0.05

Interventional

15

0.9333

2.7894

Control

15

0.8000

2.0771

0.1485

0.8830

Table 6 Comparison of pre- and post-treatment mouth opening scores in interventional and control groups by paired t test
Groups
Interventional
Control

Treatment

Mean

SD

Mean Diff.

SD Diff.

% of change

Paired t

p value

-1.07

3.13

-5.35

-1.3209

0.2077

-0.87

2.17

-3.78

-1.5491

0.1437

SD

t-value

p value

-0.4875

0.6297

-1.0965

0.2822

-0.1254

0.9011

Pre treatment

19.93

3.13

Post treatment

21.00

4.12

Pre treatment

22.93

3.56

Post treatment

23.80

2.91

Table 7 Comparison of
interventional and control
groups at pre-, post-treatment
and difference with respect to
tongue protrusion by unpaired t
test

Variables

Groups

Pre-treatment

Interventional

15

32.6667

4.2706

Control

15

33.3333

3.1320

Post- treatment
Change

n

Mean

Interventional

15

32.5333

4.4379

Control

15

34.0667

3.1045

Interventional

15

0.5333

1.1872

Control

15

0.6000

1.6818

Table 8 Comparison of pre- and post-treatment tongue protrusion scores in interventional and control groups by paired t test
Groups
Interventional
Control

Treatment

Mean

SD

Pre treatment

32.67

4.27

Post treatment

32.53

4.44

Pre treatment

33.33

3.13

Post treatment

34.07

3.10

Mean Diff.

SD Diff.

% of change

Paired t

p value

0.13

2.13

0.41

0.2420

0.8123

-0.73

1.79

-2.20

-1.5854

0.1352

Table 9 Comparison of interventional and control groups at pre- post-treatment and difference with respect to burning sensation by Mann–
Whitney u test
Variables

Groups

n

Mean

SD

Median

Sum of ranks

Pre-treatment

Interventional
Control

15
15

0.93
1.00

0.88
0.85

1.00
1.00

227.50
237.50

Post- treatment

Interventional

15

0.40

0.51

0.00

240.00

Control

15

0.33

0.49

0.00

225.00

Change
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Interventional

15

0.53

0.83

0.00

222.50

Control

15

0.67

0.72

1.00

242.50

T-value

Z-value

p value

-0.2074

0.8357

-0.3111

0.7557

-0.4148

0.6783

107.50
105.00
102.50
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Table 10 Comparison of pre and post treatment burning sensation scores in interventional and control groups by Wilcoxon matched pairs test
Groups
Interventional
Control

Treatment

Mean

Std.Dv.

Pre treatment

0.93

0.88

Post treatment

0.40

0.51

Pre treatment

1.00

0.85

Post treatment

0.33

0.49

Mean Diff.

SD Diff.

% of change

Z-value

p value

0.53

0.83

57.14

2.0304

0.0423*

0.67

0.72

66.67

2.5205

0.0117*

* p \ 0.05

on clinical assessment, but scales defining the improvement
or histological evidence supporting the clinical findings are
not mentioned [21].
The present study corroborated these findings and strict
criteria were applied for blinding the observers as well as
the patients. Our study compared the effect of the drug
clinically as well as histologically laying emphasis on the
MVD, area percentage occupied by blood vessels, reversal
in fibrosis, and other important clinical parameters like
mouth opening, tongue protrusion and burning sensation.
In our study of 30 OSF patients 29 (96.66 %) were
males and 1 (3.33 %) was female. Similar male predominance has been reported by Ranganathan and Mishra [21],
Chaturvedi and Marathe [22], Shah and Sharma [23] and
Pindborg et al. [24]. In contrast female predominance has
been reported by Canniff et al. [25] and Bhosle et al. [26].
Most of the patients in our study were in the second and
third decades of life. This is in agreement with Phatak [27],
and Gupta et al. [28]. The higher prevalence of OSF
patients in younger age group is explained by popularity of
refined areca nut products, which are readily available
commercially, among teenagers. All the patients in our
study had at least one areca nut based chewing habit.
Similar observations were made by Shear et al. [29], and
Van Wyk et al. [30]. Areca nut chewing is identified as the
most important etiological factor.
The results of our study showed that the MVD in either
of the groups (interventional or control) showed no significant difference in pre- and post-treatment. This exhibited the limited role of PTX having any effect on
vasculature of tissue in OSF. But on comparing the average
area percentage occupied by blood vessels, significant
difference was seen in pre- and post-treatment biopsies of
patients in interventional group. According to the observations of Rajendran et al. [8], diameter of the blood vessels increased with the progression of disease, while in this
study increase in the area of blood vessels was noticed with
decrease in progression of disease. This phenomenon was
not observed in the control group, which is worth highlighting, as this might be contributed to the vasodilating
property of PTX. Although vasodilating effect was seen in
interventional group, reversal of hyalinization and/or
fibrosis, and decrease in inflammatory infiltrate in

submucosal layer did not exhibited much change in either
of the groups. Thus the effect of PTX as an adjunct to intralesional drugs showed no added advantage over other local
therapies.
On clinical assessment of mouth opening and tongue
protrusion, there was no significant improvement in either
of groups individually or in comparison. But when burning
sensation of mucosa was assessed, pre- and post-treatment,
both groups showed quite significant improvement individually. But when improvement between two groups was
compared, interventional group gave no better results than
control group.
Several studies have reported central nervous system
(dizziness, headache, tremor, anxiety, and confusion) and
gastro-intestinal (dyspepsia, nausea and/or vomiting,
bloating, flatus, and bleeding) side effects caused by PTX
that are dose related and are therefore minimized by dose
reduction [31]. In an initial placebo-controlled clinical trial,
the overall incidence of adverse effects was higher in
patients who received PTX in capsule form than in those
who received a commercially available sustained release
tablet (SRT) [16] as the latter formulation slows drug
delivery and minimizes gastric intolerance. No adverse side
effects which warranted cessation of therapy was observed
in this clinical trial that was attributed mainly to adherence
to the threshold dosage and SRT form of medication. It is
postulated that the improvement in the signs and symptoms
even in the control group could possibly be due to the
cessation of habits as part of counseling of the patients
during follow-up visits.
One point which needs to be emphasized and has not
been considered in other studies is the duration of the drug
for which it is being administered to the patients and the
following patient compliance. It is clear that patients often
fail to take the medication in the way in which it was
prescribed. Socrates in 400 BC cautioned physicians to be
aware that patients will lie about taking the medications
prescribed [32]. Many studies have demonstrated that
patient compliance decreases with increasing number of
pills per day, over the period of time. When prescription is
for once daily administration, patient compliance is
approximately 80 %, when it is necessary to take the pill
twice daily, it decreases to 69 % and drops even further to
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35 % for four times daily. Therefore if there is a choice, the
clinician should prescribe drugs that can be given fewer
times to increase compliance [33]. In accordance to this
observation, it was noticed in our study also that reliance
on patient regarding self administration of the drug was
questionable, especially as the duration increased from
weeks to months and so on.
Preliminary results by Mehrotra et al. [1] showed a
statistically significant improvement in the group of OSF
patients receiving PTX. However, the study also mentions
that before its use can be recommended, a multi-institutional double-blind prospective study for assessment of
effects of PTX treatment should be carried out.
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5.

6.
7.

8.

9.

10.

Summary and Conclusion
Although primary or adjunctive therapy with PTX has been
suggested for a multitude of disorders that include cases of
pathological fibrosis, there are few controlled clinical trials to
confirm its efficacy. Treatment for OSF the use of PTX
remains a challenge. It is said that once the disease has
developed, there is neither regression nor any effective treatment. Consequently, improved oral opening and relief of
symptoms form the main objectives of treatment. An attempt
and expedition towards better treatment options of this enigmatic disease has brought PTX in the long list of drugs used for
its treatment. The present study attempted to evaluate its
efficacy in greater depth including its study on microscopic
level. Even though PTX does show vasodilatation at histological level, clinical improvement is at par with other drugs
and local therapies used. Hence its use seems to be questionable, and taking into consideration its long administration time
extending over several months its use is not recommended for
the treatment of OSF patients. However further evaluation in
this direction with larger sample size is necessary to give
greater insight into the management of this condition and to
decrease the malignant transformation rate.
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Diagnoses of 964 oral biopsies from people aged over 50 years in Karnataka State, India
Introduction: The drastic epidemiological transition has created a huge void in evidence with regard to
the health statistics of elderly population. Data are sparse on the oral mucosal conditions prevalent
among the elderly Indian population. This study aimed to review the oral biopsies reported in the institute over the last 21 years and to examine the trends in geriatric oral pathologies.
Methodology: A total of 964 histologically confirmed geriatric (age ranging 50–97 years) oral lesions
among 4000 cases reported were retrieved from the files of Department of Oral Pathology and Microbiology of KLE VK institute, Belgaum, Karnataka commencing since 1992 till 2012. These cases were retrospectively evaluated for various parameters such as age, gender, duration, location and type of lesions.
Results: The geriatric oral lesions were seen to occur predominantly in men (65%), especially the sixth
decade of life (47%). The most common location was the buccal mucosa (29%). The malignant neoplastic lesions accounted for the majority of the geriatric lesions (36%) followed by non-neoplastic lesions
(27%), potentially malignant disorders (26%) and benign neoplasms, which formed a minor proportion
of (11%). The oral squamous cell carcinoma was the single most common geriatric lesion accounted.
Gender and age-wise correlation analyses among the various lesion categories showed statistical
significance.
Conclusion: The study provides valuable information about major oral pathologies in our scenario that
contribute to significant morbidity and mortality among the geriatric population. It also sheds light about
the diseases that need to be targeted in future Indian public health policies and initiatives for geriatric
care.
Keywords: geriatric, ageing, oral mucosal lesion, oral biopsy, oral cancer.
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Introduction
A rise in the geriatric population is an inevitable
trend that has been observed in the developed
countries with an enormous amount of resources
being directed to target the well-being of this
group of people1. This demographic transformation over the recent decades is not restrained to
the developed world and has gradually evolved
into a global trend. Based on various statistics and
demographic information; the era between 1975
and 2025 has been projected as the ageing era by
the United Nations Organization (UNO)1,2. India is
one of the key nations which faces this drastic rise
in ageing population and the projected demographics demonstrate that by 2050; more than 323
million people (equalling US population in 2011)

will be above the age of 603. In the developing
countries, this transition poses significant challenges on health care as there is a huge void in
the data and resources required to deal with this
imminent boom in senescent population.
The oral cavity frequently gives an insight into
the general health of a person, and examination of
the oral cavity is considered a mandatory diagnostic step in every clinician’s routine. Further, the
oral cavity often exhibits the early signs associated
with most diseases, making it an ideal and
easy location to examine in epidemiological
surveys. Oral mucosal changes including atrophy,
decreased cellularity and turnover leading to
dryness of mouth, burning sensation, salivary
gland changes such as fatty degeneration, fibrosis
predisposing to decreased salivation, increased

© 2014 John Wiley & Sons A/S and The Gerodontology Association. Published by John Wiley & Sons Ltd

1

2

B. C. Mohan et al.

caries, periodontitis and edentulousness are some
of the common changes reported in the older
indivduals4,5. Increased incidences of various oral
pathologies are also known to occur in old age6–8;
however, limited studies regarding their incidences
have been performed in India. Many studies
throughout the world have assessed oral pathologies based on clinical presentation and denture
association6–9; however, studies with histological
confirmation are extremely rare10–12. Although
these clinical reviews provide valuable information
about the oral pathologies seen in geriatric population, they have disadvantages because the diagnosis is not precise and the stage of the pathology is
not recognised. This is of serious consequence
especially in the Indian scenario where oral cancer
and pre-cancers are widespread and early identification and confirmation with histopathology has a
pivotal role in implementation of the treatment
strategies. Thus, both clinical and histological data
complement one another and give valuable information for identification of major challenges associated with geriatric population.
Further, clinical and histological oral pathology
surveys in various parts of the world have identified that the oral lesions and intervention strategies vary greatly among the various countries,
regions and hospitals6–12. Few studies across the
world have documented histological presentations10–12, but in India, it is nonetheless, shocking
to note that till date, there is no review about
geriatric oral pathology trends. The differences in
socioeconomic status, the presence of tobacco and
quid chewing habits predict that the oral lesional
profile of this ageing population may be diverse.
The World Health Organization in 1963 proposed middle age group as 45–59 years, elderly
age group as 60–74 years and aged as more than
75 years13. The exact age for ageing is, however,
not precise as it is noted that in many countries,
the biological ageing process is faster due to varying economic condition, increased lifestyle disorders, infectious diseases and other factors13–15.
The low income nations such as India are faced
with what has been termed as the ‘double burden
of disease’, where the nation has to combat the
difficulties posed by both infectious diseases such
as HIV, tuberculosis and malaria and the lifestyle
diseases such as malnutrition, hypertension, diabetes mellitus, obesity, cancer, leading to a significant decrease in the health of an individual above
the age of 5013,15,16. In several recent projects
such as MDS project in Africa and the recent multicentric study performed by WHO-SAGE collaboration, an age group of above 50 was taken as the

working definition of old age14,15. Similarly, in
this study, we have categorised above 50 years as
the working age group in understanding geriatric
oral pathologies. We believe that this expansion
of the target age group helps in an early initiation
of diagnostic, counselling and preventive services
for the geriatric patients with oral lesions.
Further, the biopsy survey presents with reliable and accurate diagnosis of geriatric oral health
data. Some of these pathologies often result in
serious outcomes, and thus, early recognition and
treatment of these conditions can aid in significant reduction in the mortality and morbidity in
geriatric patients. This study aimed to review the
oral biopsies reported in patients aged more than
50 years who have reported to the institution
over the last 21 years to examine the patterns in
geriatric oral pathologies.

Materials and method
After obtaining institutional ethical clearance, an
analysis was made of the clinical data and histopathological diagnosis between 1992 and August
2012 of elderly patients (above the age of 50)
retrieved from the files of the Department of Oral
Pathology and Microbiology of KLE VK Institute
of Dental Sciences located in Belgaum district of
Karnataka State, India. The biopsies were performed on patients attending the hospital in Belgaum City, Karnataka State, for a routine dental
check-up or with specific complaints. The patients
were screened in the Oral Medicine Department
and referred to the Department of Oral Pathology
for the biopsy of the oral lesions. The population
attending the hospital lives mostly in Belgaum
City and surrounding villages such as Gokak, Hukkeri, Koppa, Vakkund and Kakti.
A total of 964 histologically confirmed geriatric
oral lesions among 4000 cases (both soft tissue
and intraosseus lesions) reported by the Department of Oral Pathology, KLE VK Institute of Dental Sciences were retrieved, and data related to
the patients’ age, sex, location of the lesion, clinical diagnosis and histopathological diagnosis were
tabulated. The lesions were categorised into
malignant neoplastic lesions, non-neoplastic
lesions, potentially malignant disorders and
benign neoplastic lesions17,18. These categories
were further subdivided into the various categories as depicted in Table 2. The number of malignant neoplasms being biopsied would certainly be
more due to their serious nature as compared to
benign fibrous hyperplasia or reactive lesions,
which even though surgically excised are often
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not sent for histopathological examination due to
their obvious benign nature unless there is a
suspicion of malignancy. The various clinical and
histological groups were studied using frequency
and percentage parameters. The gender and agewise association between the various lesion
groups were discerned using the chi-squared test.
Further, adjusted residual analysis was also performed, which demonstrates the direction and the
strength of association between the variables. A
larger AR(>2) provides evidence of association in
that cell.

Results
The data retrieved were arranged year-wise, and a
progressive increase in the geriatric pathologies
was observed with only around 15 cases reported
in 1991, while 119 geriatric cases were reported
in 2011. The sample of 964 elderly individuals
consisted of 629 (65%) men and 335 (35%)
women. The ages analysed ranged from 50 to
97 years with an average of 59.96 (8.29) years.
It was noted that the oral lesions were more prevalent in patients of sixth decade (Table 1). The
location of the lesions was studied, and the buccal
mucosa was the most common site (29.2%) with
other predominant sites being intraosseous lesions
(27.7%), tongue (9.4%) and vestibule (8.8%).
Mandible (19%) was more frequently affected as
compared to the maxilla (9%) in the intraosseous
sites.
Histopathologically, the lesions were classified
into four main groups in which malignant neoplastic lesions(MN) formed the major contributor
to the geriatric lesions (36%) followed by nonneoplastic (NN)(27%), potentially malignant disorders (PMD) (26%) and benign neoplasms (BN),
which formed a minor proportion of (11%). The
subclassifications within these main lesion groups
were also attempted and are described in Table 2.
Among the malignant neoplasms, the malignant
Table 1 Distribution of lesions by age group in 964 oral
biopsies from people aged more than 50 in Karnataka
State, India.
Distribution
Age range (Years)

Number

Percentage

50–59
60–69
70–79
80–89
90–99

453
368
109
27
7

47
38
109
27
7

3

Table 2 Distribution of diagnosis by general categories
among 964 oral biopsies lesions from people aged more
than 50 in Karnataka State, India.
Percentage
Lesion categories

Number

Group

Total

Malignant neoplasms
Oral epithelial
Odontogenic carcinomas
Mesenchymal sarcomas
Salivary gland carcinomas
Potentially Malignant Disorders
Hyperkeratosis
Dysplasia
Oral submucous fibrosis
Lichen planus
Lichenoid reaction
Carcinoma in situ
Verrucous hyperplasia
Non-neoplastic conditions
Odontogenic cysts
Non-odontogenic cysts
Mucocutaneous lesions
Reactive lesions
Infective lesions
Normal
Benign neoplasms
Benign epithelial
Benign odontogenic
Benign salivary gland
Benign mesenchymal

350
328
4
9
9
246
48
110
14
44
8
15
7
250
46
7
10
118
69
10
108
0
37
4
67

100
94
1
2.5
2.5
100
19
45
6
18
3
6
3
100
18
3
4
45
26
4
100
0
34
4
62

36
34
0.4
0.9
0.9
26
4.9
11.4
1.5
4.5
0.8
1.6
0.8
26
4.8
0.7
1
12.3
7.2
1
11
0
3.7
0.4
6.7

oral epithelial neoplasms (94%) demonstrated the
highest frequency, while no benign epithelial
tumours were encountered in the present geriatric
sample studied. Reactive lesions were the most
common non-neoplastic lesions in this study
(46%). In benign neoplasms, the mesenchymal
tumours showed the highest prevalence (62%)
and in potentially malignant group, epithelial dysplasia was the most common diagnosis. All the
lesions were finally assessed together, and the top
5 predominant lesions to occur in the oral cavity
of a geriatric adult were squamous cell carcinoma
(30%), epithelial dysplasia (11%), fibrous hyperplasia (7%), hyperkeratosis (4%) and non-specific
inflammations (4%) (Table 4) However, the possibility of fibrous hyperplasia not being biopsied or
not being subjected to histopathological examination due to their benign nature in comparison
with the malignancies could be an important
limitation for the observed result. Chi-squared test
revealed a statistically significant difference
between the main lesion groups and age ranges
and gender distribution (Table 3). Gender-wise
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Table 3 Associations between diagnoses of 964 oral lesions and the age and sex of the patients in Karnataka State,
India.
Number (% and AR)

Age*
50–59
60–69
70–79
80–100
Sex**
Male
Female

Non-neoplastic lesions

Benign Neoplasms

Potentially Malignant
Disorders

Malignant Neoplasms

118
89
41
12

61
33
10
4

126
98
19
3

148
148
40
14

(12.2; 0.62)
(9.2; 1.52
(4.2;2.57*)
(1.2;1.23)

147 (15.2; 3.43**)
113 (11.7;3.43**)

(6.3;2.12*)
(3.4; 1.72)
(1; 0.74)
(0.4;0.11)

47 (4.9; 5.01**)
61 (6.3;5.01**)

(13;1.56)
(10;0.62)
(2; 2.11*)
(0.3; 2.20*)

185 (19.1;3.80**)
61 (6.3; 3.80**)

(15.4; 2.23*)
(15.4;1.96)
(4; 0.02)
(1.5;0.77)

250 (26;3.02**)
100 (10.3; 3.02)

AR – adjusted residuals.
Age – chi-squared test = 21.92, degree of freedom = 9, p = 0.009 (significant).
**
Sex – chi-squared test = 47.836, degree of freedom = 3, p = <0.001 (significant).
*

lesion association analysis showed statistical significance with benign neoplasms and non-neoplastic
lesions occurring proportionately higher in
women. On the contrary, the malignant neoplasms
and potentially malignant lesions were drastically
higher in males. Age-wise distribution of cases
shows a progressive decrease in the number of geriatric cases in each progressive decade. The malignancies were the most common lesions in each
decade with a large incidence of potentially malignant disorders in the sixth decade. The age-wise
and gender-wise association analyses with the
major lesion types demonstrated a statistical significance (p < 0.001). The adjusted residual analysis
demonstrated that the non-neoplastic lesions were
significantly more prevalent in the age groups of
70–79 and the benign neoplasms in the age groups
of 50–59 and potentially malignant disorders were
significantly less observed in the age groups of
70–79 and 80–89,while the malignant neoplasms
were significantly more in the age groups of 50–59.
In the gender association of the lesion groups,
the non-neoplastic lesions and benign neoplasms
were significantly more in the females, while the
potentially malignant disorders and the malignant neoplasms were predominant in the males
(Table 3).

Discussion
Geriatric needs with respect to oral pathologies
are often neglected in India, which could be
attributed to lower socio-economic status, general
ignorance among the public and lack of epidemiological data among the policy makers and healthcare professionals. The present retrospective study
analyses biopsy data of elderly patients over the

last 21 years, which is a significantly lengthy period as compared to other studies performed till
date10–12. Our study is the first of its kind in the
Indian population, and also, the age parameters
used in classifying the ageing population are different from other geriatric population surveys. A
population above the age of 50 was analysed taking into account the early biological ageing that is
seen in the Indians due to lower socio-economic
status and double burden of disease13,15. Further,
the life expectancy at birth and health life expectancy at birth (HALE) are significantly less in contrast to the developed world16, so consequently,
to understand and target the pathologies at an
early stage, the geriatric age group was expanded
to above 50, which is in coherence with another
study taken up among the ageing population by
WHO14,15.
Significant gender differences were noted with
most geriatric oral pathologies demonstrating
higher incidence in males than in females. The
lower female sex ratio, conservative lifestyle
among the women which prevents them to
approach a diagnostic centre and relatively lesser
tobacco habits amongst women (for tobaccorelated pathologies), may be responsible for this
finding. In a fact sheet released by WHO, it was
seen that tobacco habits were significantly higher
among males (48%) in comparison with females
(20%)19. Tobacco-related lesions were the most
common lesions identified in the present study,
and males may be more affected because of the
higher tobacco usage among males as well as
usage of comorbid factors such as alcohol19. These
findings are in contrast to the other geriatric populations, where the female elderly individuals
were found to be more susceptible to oral
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lesions6,10–12. Gender-wise association analysis
with type of lesion showed statistical significance
with benign neoplasms and non-neoplastic lesions
occurring proportionately higher in women. On
the contrary, the malignant neoplasms and potentially malignant lesions were drastically higher in
males, which may again be because of the tobacco
habits. Thus, when dealing with oral lesions in
Indian elderly adults, gender-wise differences
must be taken into account and emphasis should
be on counselling and early diagnosis of potentially malignant disorders in males. With regard to
females, education about oral pathologies and
importance in bringing forth their oral problems
to the health centre at an early stage must be
instructed.
On analysing the age, surprising results were
recorded with people in their fifties showing the
maximum oral pathologies. The lesion that was
most predominant in this age group was found to
be oral squamous cell carcinomas and potentially
malignant disorders such as leukoplakia and erythroplakia. In the present study, it was seen that
the relative proportion of carcinomas increased in
the seventh decade, while contrastingly, the
potentially malignant disorders showed significant
decrease (Table 4). Further, age-wise analysis
with type of lesion showed statistical significance,
suggesting that the lesion types in the various
geriatric age groups are different and more attention needs to be given to target particular lesions
in particular age groups. Most of the other surveys have identified the highest incidences of
cases in the elderly population during the seventies which is in drastic contrast to our population7,20. This fifties age group has not been
analysed in the assessment of geriatric cases previously; however, the high rates of potentially
malignant disorders and cancers in this decade
suggest that prevention and intervention modalities targeted in this age group will significantly
help reduce the morbidity and mortality at a later
stage. There was a decrease in prevalence of oral
lesions with increasing age, which is similar to
the findings of other authors7,9,12,20. Another possibility would be that the number of patients with
increasing age approaching our hospital itself may
be less as they may be ignoring the lesion due to
their advanced age or due to their inability to
come to the hospital.
Most of the lesions that were biopsied had a
long history as most patients failed to report the
swellings or ulcers at an early stage due to ignorance, lack of pain in many cases, hesitation
among the people to visit the health centre and

5

Table 4 Distribution of specific diagnoses among 964
oral biopsies from patients attending an oral biopsy service in Karnataka State, India.
Lesion categories

Number

Percentage

Malignant epithelial Neoplasms
Squamous cell carcinoma
Verrucous carcinoma
Transitional cell carcinoma
Undifferentiated cell carcinoma
Melanoma
Spindle cell carcinoma
Malignant odontogenic
Neoplasms
Ameloblastic carcinoma
Malignant mesenchymal
Neoplasms
Non-Hodgkin lymphoma
Osteosarcoma
Malignant soft tissue tumour
Malignant salivary gland
Neoplasms
Epithelial myoepithelial
carcinoma
Cylindroma
Carcinoma ex pleomorphic
adenoma
High-grade mucoepidermoid ca
High-grade ductal carcinoma
Adenocarcinoma
Acinic cell carcinoma
Undifferentiated carcinoma
Basal cell adenocarcinoma
Odontogenic cysts
Apical periodontal cyst
Residual cyst
Dentigerous cyst
Sialo-odontogenic cyst
Non-odontogenic cysts of jaws
Nasolabial cyst
Extravasated mucocele
Reactive lesions
Chronic hyperplasia
Pyogenic granuloma
Chronic granuloma
Healing granulation tissue
Infective lesions
Chronic non-specific infection
Periapical granuloma
Chronic osteomyelitis
Chronic inflammation of
maxillary sinus
Acute herpetic stomatitis
Fungal Infection
Chronic sialadenitis
Vesiculobullous lesions
Pemphigus

328
294
28
2
2
1
1
4

34.02
30.4
2.9
0.2
0.2
0.1
0.1
0.4
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4
9

0.4
0.9

6
2
1
9

0.6
0.2
0.1
0.9

1

0.1

1
1

0.1
0.1

1
1
1
1
1
1
46
40
2
2
2
7
1
6
118
76
35
5
2
69
37
13
8
5

0.1
0.1
0.1
0.1
0.1
0.1
4.7
4.1
0.2
0.2
0.2
0.7
0.1
0.6
12.2
7.6
3.5
0.5
0.2
7.1
3.7
1.3
0.8
0.5

3
2
1
10
6

0.3
0.2
0.1
1.03
0.6
(continued)
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Table 4 (continued)

Lesion categories

Number

Benign mucous membrane
pemphigoid
Erythema multiforme
Benign odontogenic neoplasms
Keratocystic Odontogenic
Tumour
Ameloblastoma
Ameloblastic fibroma
Calcifying epithelial
odontogenic tumour
Clear cell odontogenic tumour
Odontomas
Benign soft tissue neoplasms
Fibroma
Peripheral giant cell granuloma
Giant cell fibroma
Lipoma
Cemento ossifying fibroma
Aggressive fibromatosis
Cancellous osteoma
Caverous haemangioma
Haemangioma
Chondromyxoid fibroma
Lymphangioma
Neurofibroma
Schwanomma
Solitary neurofibroma
Verruciform xanthoma
Benign salivary gland Neoplams
Pleomorphic adenoma
Clear cell oncocytoma
Potentially malignant Disorders
Hyperkeratosis
Dysplasia
Oral submucous fibrosis
Lichen planus
Lichenoid reaction
Carcinoma in situ
Verrucous hyperplasia
Normal

Percentage

3

0.3

1
37
17

0.1
3.8
1.7

12
1
2

1.2
0.1
0.2

1
4
67
27
9
7
6
5
2
2
2
1
1
1
1
1
1
1
4
3
1
246
48
110
14
44
8
15
7
10

0.1
0.4
6.9
2.8
0.9
0.7
0.6
0.5
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.4
0.3
0.1
25.5
4.8
11
1.4
4.4
0.8
1.5
0.7
1.03

poor finances. On analysis of the location, the
buccal mucosa was the predominant site, followed
by intraosseous lesions, tongue and vestibule. The
buccal mucosa, tongue and vestibules may be predisposed to mucosal alterations due to quid and
tobacco-chewing habits prevalent in our study
population. The quid along with its constituents
after chewing is placed in the buccal vestibular
area for prolonged duration making these areas
susceptible to mucosal alterations. The other surveys have recorded tongue, denture areas and
gingiva as more common locations of geriatric
oral pathologies. Some of the cases showed synchronous and metachronous appearance of

tumours and PMD, which is attributed to the field
cancerisation phenomenon observed. Tobaccochewing habits and elderly oral mucosa are prone
to the phenomenon of field cancerisation wherein
in addition to the referral lesion; adjacent and distant mucosal lesions exist synchronously or
develop metachronously.
On studying the various lesion groups, it was
noted that malignancies and potentially malignant
disorders (PMD) were the most predominant
lesions and they envelop a huge margin of geriatric cases (62%) reporting to the institution of
which malignant epithelial neoplasms such as oral
squamous carcinoma (94%) account for the major
group of lesions. Frequent mutations and hypomethylation of the DNA known to occur in
ageing population, are predisposing factors for
tumour cell transformation and oncogene activation, thereby favouring tumorigenesis2. Studies
have also shown that old are more likely to
develop cancer2. Head and neck oral squamous
cell carcinoma is rising rapidly in India, and with
the concurrent rise in geriatric population, geriatric oncologies are likely to be the most formidable
mortality factor in future. Urgent steps including
early diagnosis and prevention in the early ageing
periods are necessary to counter this situation.
The treatment strategies and more specific geriatric care necessary for elderly patients with cancer
further need to be addressed. The most common
causes for oral carcinomas our geriatric population
were associated with tobacco use; however, a few
cases were also related to trauma and denture
related trauma, which constituted a very small
percentage of the cancer etiopathogenesis.
The next predominant lesion group of concern
was potentially malignant disorders, which were
histologically classified as epithelial dysplasia.
Although this group is closely related to malignant lesion, they were categorised separately to
understand the age differences in their occurrence
and for the purpose of development of intervention strategies. Amongst PMD, epithelial dysplasia
(45%) was the most commonly given diagnosis
followed by hyperkeratosis (19%) and lichen planus (18%). The handling of potentially malignant
disorders is far simpler as compared to malignant
lesion, and diagnosis at an early stage will
improve the chances of survival and quality of life
of the patient.
Among the non-neoplastic lesions (27%), reactive lesions (45%) were the most frequent, that is,
fibrous hyperplasia which included epulis fissuratum and other irritation related hyperplasia. This is
in accordance with histopathological analysis by
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Carvalho et al. and Correa et al.10,12 in Brazilian
population. The infective lesions were the second
most common lesions seen in non-neoplastic conditions. Geriatric patients are often susceptible to
trauma and systemic conditions such as diabetes
mellitus, and immunosuppresion further causes a
delay in wound healing and makes them prone to
infection. The odontogenic cysts (18%) and nonodontogenic cysts (3%) accounted for a lesser proportion of non-neoplastic lesions. Mucocutanaeous
lesions such as pemphigus vulgaris were also noted
among this age group (4%).
In the present study, the benign neoplasms
accounted for the fewest number of geriatric
pathologies. Within benign neoplasms, the soft
tissue tumours (67%) accounted for the most
number of lesions followed by benign odontogenic (37%) and salivary gland tumours (4%).
The fibromas were the predominant lesions identified. There was no epithelial benign neoplasm
reported in our study which is in contrast to Correa et al.12 where a small proportion of benign
epithelial tumours have been reported.
On overall analysis, the top 5 predominant
lesions to occur in the oral cavity of a geriatric
adult were squamous cell carcinoma (30%), epithelial dysplasia (11%), fibrous hyperplasia (7%),
hyperkeratosis (4%) and non-specific inflammation (4%). Most of other clinical studies6–8 show
a high incidence of inflammatory and benign
fibrous proliferations as the most common lesions
identified in geriatric patients in contrast to squamous cell carcinoma identified in our study.
Among the histopathological studies, which are
performed in other countries, it was again noted
that inflammatory fibrous hyperplasias were the
most common diagnosis10–12. As previously mentioned in our methodology, the possibility of fibrous
hyperplasia not being subjected to histopathological
examination due to their benign nature in comparison with the malignancies could be the reason for
the increased incidence of malignancy noted in our
study. Considering this limitation, the increased
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incidence of malignancies and PMD noted in this
group cannot be ignored and could be probably due
to the widespread and frequent use of tobacco and
areca nut by adults in this region and to the fact
that the hospital is one of the first to offer and oral
biopsy service to the area.

Conclusion
The present study sheds light on the major oral
pathologies and areas that need to be focused by
the policy makers and health professionals. The
analysis showed that the four main groups of
lesions in their order of predominance were
malignant epithelial neoplasms followed by nonneoplastic lesions, potentially malignant disorders
and benign neoplasms. The tobacco-related lesions
were identified as the impending cause of fatality
in the elderly population, and urgent steps need
to be taken to address this problem. The fifties age
group analysed for the assessment of geriatric
cases highlights that oral cancer and pre-cancer
are major early geriatric oral pathologies of this
age group. Thus, early prevention and intervention modalities targeted to address these lesions
will significantly reduce the mortality and morbidity in the geriatric population of this area. Further, the lesions were far more common in the
males in comparison with females, and more
focus needs to be given in increasing awareness
about referral practices in elderly women. Last
but not the least, more attention needs to be
given in obtaining geriatric data as only a adequate database will help develop a continuity for
understanding and solving the problems generated by oral pathologies in the ageing population
of India as well as globally.

Acknowledgement
We would like to acknowledge the statistical assistance provided by Mr. Mallapur, Professor in JN
Medical College Belgaum.

life in head and neck cancer. Head
Neck Oncol 2011; 3: 3.
3. Arokiasamy P, Bloom D, Lee J,
Parasuraman S, Feeney K, Ozolins M. Longitudinal study on aging
in India: vision, design, implementation, and preliminary findings. In:
Smith JP, Majmundar M eds. Aging
in Asia: Findings from New and Emerging Data Initiatives, Committee on

Policy Research and Data Needs to
Meet the Challenge of Aging in Asia.
Washington, DC: The National Academy Press, 2012: 371–387.
4. Jainkittivong A, Aneksuk V,
Langlais RP. Oral mucosal conditions in elderly dental patients. Oral
Dis 2002; 8: 218–23.
5. De Rossi SS, Slaughter YA.
Oral changes in older patients: a

© 2014 John Wiley & Sons A/S and The Gerodontology Association. Published by John Wiley & Sons Ltd

8

B. C. Mohan et al.

clinician’s guide. Quintessence Int
2007; 38: 773–80.
6. Mujica V, Rivera H, Carrero M.
Prevalence of oral soft tissue lesions
in an elderly venezuelan population.
Med Oral Patol Oral Cir Bucal 2008;
13: E270–4.
7. Espinoza I, Rojas R, Aranda W,
Gamonal J. Prevalence of oral
mucosal lesions in elderly people in
Santiago, Chile. J Oral Pathol Med
2003; 32: 571–5.
8. Taiyeb Ali TB, Razak IA, Raja
Latifah RJ, Zain RB. An epidemiological survey of oral mucosal lesions
among elderly Malaysians. Gerodontology 1995; 12: 37–40.
9. Hand JS, Whitehill JM. The prevalence of oral mucosal lesions in an
elderly population. J Am Dent Assoc
1986; 112: 73–6.
10. Carvalho Mde V, Iglesias DP, do
Nascimento GJ, Sobral AP. Epidemiological study of 534 biopsies of
oral mucosal lesions in elderly Brazilian patients. Gerodontology 2011;
28: 111–5.
11. Scott J, Cheah SB. The prevalence
of oral mucosal lesions in the
elderly in a surgical biopsy population: a retrospective analysis of
4042 cases. Gerodontology 1989; 8:
73–8.

12. Corr^
ea L, Frigerio ML, Sousa SC,
Novelli MD. Oral lesions in elderly
population: a biopsy survey using
2250
histopathological
records.
Gerodontology 2006; 23: 48–54.
13. Keller I, Makipaa A, Kalenscher
T, Kalache A. Global Survey on Geriatrics in the Medical Curriculum. Geneva: WHO, 2002.
14. Definition of an older or elderly person. Available at: http://www.who.
int/healthinfo/survey/ageingdefnolder/en/index.html (last accessed 25
September 2012).
15. Kowal P, Kahn K, Ng N. Ageing
and adult health status in eight
lower-income countries: the INDEPTH WHO-SAGE collaboration.
Glob Health Action 2010; 3: 11–22.
16. Kowal P, Williams S, Jiang Y,
Fan W, Arokiasamy P, Chatterji
S (eds). Aging, health and chronic
conditions in China and India:
results from the Multinational Study
on Global ageing and Adult Health
(SAGE). In: Smith JP, Majmundar M
eds. Aging in Asia: Findings from New
and Emerging Data Initiatives, 1st edn.
Washington, DC: National Academies
Press, 2012: 415–8.
17. Barnes L, Eveson JW, Riechart P,
Sidransky D ed. Pathology and
Genetics – Head and Neck Tumors,

World health Organisation classification of tumors. In: Tumors of Oral
Cavity and Oropharynx. Lyon, France:
IARC Press, 2005: 164–208.
18. Rajendran R, Sivapathasundaram B. Shafer’s Textbook of Oral
Pathology, 5th edn. New Delhi: Elsevier Publishers, 2006: 113–300.
19. Global adult tobacco survey (GATS)
India report 2009–2010. Available at:
http://www.who.int/tobacco/surveillance/gats_india/en/index.html (last
accessed 29 October 2012).
20. Taiwo JO, Kolude B, Akinmoladun V. Oral mucosal lesions and
temporomandibular joint impairment of elderly people in the South
East Local Government Area of Ibadan. Gerodontology 2009; 26: 219–24.

Correspondence to:
Dr Punnya. V. Angadi, Department of Oral Pathology and
Medicine, KLEVK Institute of
Dental Sciences and Hospital,
Belgaum 590010, India.
Tel.: 9880845530
Fax: (0831)-2470640
E-mail: punnya_angadi@
rediffmail.com

© 2014 John Wiley & Sons A/S and The Gerodontology Association. Published by John Wiley & Sons Ltd

[Downloaded free from http://www.jios.in on Tuesday, April 24, 2018, IP: 109.165.53.246]

Clinical Innovation

Closure of a maxillary midline diastema using a modified
omega loop
Malvika Gandhi1, Rohan Hattarki2, K M Keluskar3

Abstract
A maxillary midline diastema is important from a clinical management standpoint by virtue of its presence, as well as the esthetic concerns
it causes to the patient. While seen in many children as a part of normal development in the mixed dentition (only to disappear as the
growth progresses), it may persist in situations associated with some or the other etiological factors. These could be tooth size‑shape
discrepancy, midline cysts, missing lateral incisors, habits (thumb sucking, tongue thrusting, etc.), familial tendencies, abnormal labial
frenum, etc., Treatment planning should seek to manage not only the diastemata in question but also the cause behind it. Possible therapeutic
approaches include orthodontic treatment, restorative dentistry, surgery, and its various combinations. This article describes a modified
form of loop mechanics used to close diastemata.
Key words: Loop modification, midline diastema, omega loop

Various types of closing loops are used during orthodontic
treatment for space closure. These loops are either made
up of stainless steel or titanium molybdenum alloy wire.
Prior to activation of any closing loop, the arms of the
loop are kept in close approximation. To activate the loop
intraorally, the wire is pulled and cinched distal to the molar
tube, which tends to move the arms of the loop apart.[1] As
the loop attempts to rebound to its original configuration,
the process moves the segments of the teeth posterior to it.
When using an omega loop in this manner, bodily movement
of all teeth until the last molar is brought about, to close a
midline diastema.

•
•

Place 2 crimpable hooks, 1 diametrically opposite the
other, on the arms of the loop [Figure 1]
Place an e‑chain over these hooks on either side.
The archwire with the loop is then placed intraorally
[Figure 2]

To reduce the amount of wire degeneration or loss of flexibility
of the wire, following is a simple method:
• Fabricate an omega loop with a 0.017” × 0.025” stainless
steel wire
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Figure 2: (a) Pretreatment; (b) placement of modified loop intraorally (prior
to activation); (c) closure of diastema (8 weeks of activation completed);
(d) posttreatment

•

Distal end of the wire is pulled and cinched back behind
the molar tube. This causes the arms of the loop to move
apart, the elastic chain in between gets stretched, and tries
to close the loop [Figures 3]
For reactivation, the wire is cinched back every appointment
such that the arms of the loop are flushed with the mesial
wings of the central incisor brackets. Additionally, the e‑chain
is also changed every appointment. Reactivation to be done
once every week until diastema closure is achieved.

•

Advantages of modified omega loop design
1.
2.
3.

The loop remains active for a longer time[2]
Reactivation of the loop is easier
Loss of flexibility of the wire is compensated by placement
of the elastic chain.

Figure 3: (a) Pretreatment orthopantomograph; (b) Posttreatment
orthopantomograph

Biomechanics of the modified omega loop

The omega loop tends to distribute stresses more evenly instead
of concentrating them at the root apex. Accordingly, it has been
used here to apply moment to the last tooth in arch causing
bodily root thrust.
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Abstract:
Fusion or syndontia is a sequele of the union of two normal and
separated tooth buds. Transposition refers to the interchange in
the position of two permanent teeth within the same quadrant in
the oral cavity. The simultaneous incidence of both these entities
is a rare concurrence and warrants endodontic and surgical soft
tissue correction. The following manuscript describes a case report
of this rare combination and its multidisciplinary management for
functional and esthetic correction

Twinning (Schizodontia) implies cleavage of a tooth resulting
in the formation of an extra tooth that exactly is a replica of its
adjacent partner.5
Lowell & Solomon suggest fusion to be due to close contact
between two teeth germs leading to necrosis of the intervening
tissue, as a sequele of pressure or physical force.6 These teeth
characteristically show an anomalous crown formed from
blending of two individual crowns. However, it is associated
with one pulp chamber with two distinctly separated root
canals, as well as two independent endodontic systems, or one
common pulp canal. A buccolingual notch is symbolic of the
process of fusion of the two independent tooth buds. Though,
there are several case reports in the dental literature of fusion,
but the occurrence of transposition with fusion makes this
case a rare variant.
Case Report
A 25-year-old male patient reported to our dental operatory
with the complaint of large, unsightly, and unpleasant central
incisor. History revealed an episode of traumatic injury at the
age of 13-14 years, subsequent to which the patient visually
observed the anomalous change of maxillary central incisor
fused to lateral incisor.

Key Words: Esthetics, fusion, transposition

Clinical examination of the tooth in question revealed a
maxillary central incisor fused to lateral incisor (Figure 1a). On
the buccal and palatal aspects, deep grooves separating both
crowns extended into the gingival sulcus (Figure 1b). An initial
radiograph indicated that the teeth were joined coronally and
extending toward the cervical area (Figure 1c). Radiographic
evaluation with a change in horizontal angulation seemed to
point toward the same. The endodontic evaluation confirmed
the positive vitality of both the teeth with suspected pulpal
communication.

Introduction
Morphoanatomic changes in teeth may be divided according
to the site of their occurrence, i.e., tooth, crown, roots, and
root canals. Fusion and gemination are anomalies with close
similarity, but inherited by a different etiology. These anomalies
may develop during tooth bud morphodifferentiation, as a result
of a developmental aberration of both ectoderm, and mesoderm
(Grover and Lorton, 1985).1 The prevalence of these anomalies
is reported to be <1% (Levitas, 1965), occurring predominantly
in incisors and canines with apparent equal distribution between
both jaws are more common in deciduous teeth.2 Though these
terms are used interchangeably, they are distinct from each other.
Fusion (syndontia or false germination) is defined as a union
between the dentin of two or more teeth, which may be
complete or partial and results in a reduced number of teeth
in the dental arch (Tannenbaum and Alling, 1963).3

A provisional diagnosis of “transposition with a fusion of the
maxillary left lateral incisor with the central incisor with two
separate root canal systems” was given. A diagnostic dental
stone model was prepared to simulate the planned surgical
and restorative corrections (Figure 1d). Pulpal involvement
was anticipated and, therefore, endodontic therapy was also
contemplated.

Gemination, as defined by Pindborg is malformation of a single
tooth bud, resulting in an anomalous tooth within the normal
complement of teeth.4

Periodontal surgery was performed, as step two and a full
thickness mucoperiosteal flap was elevated (Figure 1e). It was
observed on surgical exposure, that the degree of fusion was
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Figure 1: (a) Pre-operative showing unesthetic smile due to fusion and transposition of maxillary left lateral incisor, (b) palatal
view of fusion with buccolingual groove and transposition, (c) intraoral periapical radiograph showing fusion between central
and lateral incisor, (d) markings of model to simulate the surgical and restorative corrections, (e) frontal view during surgery and
restorative correction, (f) Follow-up after 6 months showing proper healing, and (g and h) post-operative and radiograph showing
successful restoration at the end of 12 months.
extensive than anticipated. With a dentinal bridge extending
2-3 mm beyond the cervical region. The same was sectioned
using the high-speed rotary instrument to achieve root
separation. This was followed up with odontoplasty, restoration
of the area of communication, alveoloplasty (to maintain the
biologic width) and re-establishment of the gingival zeniths
along with creation of the new papillary contours befitting
the newly created tooth anatomy. The flap was sutured using
4-0 non-resorbable sutures, and the periodontal pack was
placed. Post-surgical care and instructions were explained to
the patient.

surrounding teeth, esthetics may be a concern. Second, when
normal teeth fuse, excess dental space can result.7 Double
teeth can also cause functional problems, carious lesions
in the grooves, particularly in the fusion zone; periodontal
problems associated with the grooves that extend subgingivally;
asymmetries when fusion occurs in the anterior segment;
malocclusions, especially when supernumeraries are involved
and endodontic implications which are frequent because of
the reduced thickness of enamel and dentin.8
Treatment considerations
Several different approaches for the treatment of these
abnormalities are available, but the morphology of fused teeth
varies so greatly that one can only decide on an individual basis.
In cases with esthetic or orthodontic problems hemisection is
recommended if the fused tooth shows two separate roots.6
Four various methods include selective grinding, surgical
separation, root amputation,9 or extraction followed by the
prosthesis in cases where pulp chambers are not connected.
Stillwell and Coke suggested separating the fused teeth when
they are retained in the mouth after esthetic restoration was
done.10

A radiographic re-evaluation of the site, after 1 week confirmed
the surgical separation. Tooth preparation and final restoration
with porcelain fused to the metal crown was done at the end of
1-month post surgically (Figure 1f). Subsequent 6 months and
12 months (Figure 1g and h) follow-up indicated uneventful
healing with satisfactory esthetics.
Discussion
A tooth malformation poses a functional and esthetic challenge
to a clinician. The matter is made more complex by a diagnostic
dilemma between fusion or gemination. Literature therefore
currently designates the term “double tooth,” “connated tooth”
or “dental twinning” for such case scenarios.

If the pulp chambers are connected one of the treatment
options recommended by Clem and Natken is the removal of
one part of fused teeth, maintaining the vitality of the remaining
part or endodontic treatment of retained part before surgical
intervention due to esthetics, periodontal, and orthodontic

When fusion occurs, the clinician must be aware of the
following concerns. First, since fused teeth are wider than the
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problems.7 In a case reported by Oncag et al. fusion between
the mandibular lateral incisor and supernumerary tooth
were present, they separated the teeth and endodontically
restored it.11 Following surgical and endodontic treatment the
remaining part of the crown have to be restored with crown or
with composite followed by orthodontic treatment if required.6

3. Tannenbaum KA, Alling EE Anomalous tooth
development: Case reports of germination and twinning.
Oral Surg Oral Med Oral Pathol 1963 ;16: 883-7
4. Pindborg JJ. Pathology of the dental hard tissues.
Philadelphia : W.B. Saunders ; 1970
5. Kremeier K, Pontius O, Klaiber B, Hülsmann M.
Nonsurgical endodontic management of a double tooth:
A case report. Int Endod J 2007;40(11):908-15.
6. Hülsmann M, Bahr R, Grohmann U. Hemisection and
vital treatment of a fused tooth – Literature review and
case report. Endod Dent Traumatol 1997;13:253-8.
7. Arun Prasad RV, Venugopal Reddy N, Krishnakumar R,
Sugumaran DK, Mohan G, Eagappan S. Primary double
tooth with partial anodontia of permanent dentition – A
case report. J Clin Exp Dent 2010;2(2):e79-81.
8. Rani KA, Metgud S, Yakub SS, Pai U, Toshniwal NG,
Bawaskar N. Endodontic and esthetic management of
maxillary lateral incisor fused to a supernumerary tooth
associated with a talon cusp by using spiral computed
tomography as a diagnostic aid: A case report. J Endod
2010;36(2):345-9.
9. Blank BS, Ogg R, Levy AR. A fused central incisor.
Periodontal considerations in comprehensive treatment.
J Periodontol 1985;56(1):21-4.
10. Stillwell KD, Coke JM. Bilateral fusion of maxillary central
incisor to supernumerary teet: A report of case. J Am Dent
Assoc1986, 112: 62-64.
11. Clem WH, Natkin E. Treatment of fused tooth: Report of
a case. Oral Surg Oral Med Oral Pathol. 1966, 21: 365-370.

In this case, the level of fusion, separate pulp canals, vitality of
tooth, esthetics, the tooth morphology, and recontouring of
zenith points are achievable, so it was decided to go for surgical
separation. However, our case report is a rare occurrence of
transposition followed by fusion which encompasses the best
of the restorative and surgical therapy to achieve a conservative,
holistic esthetic and functional outcome.
Conclusion
The occurrence of fusion with transposition in general dental
practice may be rare, but the dentist should be aware of the
nature of problems encountered and specific treatment needs.
This case report demonstrates a predictable and successful
solution towards the endodontic and esthetic management
adopting a multidisciplinary approach
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Abstract
Aim: The aim of this in vivo study was to compare the accuracy of Root ZX and Raypex 5 in detecting minor diameter in human
permanent single-rooted teeth.
Materials and Methods: Thirty-one patients with completely formed single-rooted permanent teeth indicated for extraction
were selected for the study. Crown was flattened for stable reference point and access cavity prepared. Working length was
determined with both apex locators. A 15 K file adjusted to that reading was placed in the root canal and stabilized with
cement. The tooth was then extracted atraumatically. Following extraction apical 4 mm of root was shaved. The position
of the minor diameter in relation to the anatomic apex was recorded for each tooth under stereomicroscope at ×10. The
efficiency of two electronic apex locators to determine the minor diameter was statistically analyzed using paired sample
t-test.
Results: The minor diameter was located within the limits of ±0.5 mm in 96.6% of the samples with the Root ZX and 93.2% of
the samples with Raypex 5. The paired sample t-test showed no significant difference.
Conclusion: On analyzing the results of our study it can be concluded that Raypex 5 was as effective as Root ZX in determining
the minor diameter.
Keywords: Minor diameter; Raypex 5; Root Z X

INTRODUCTION
The exact location of the physiological root apex is a
prerequisite for the successful endodontic therapy. It is
imperative to completely clean and shape the canal in order
to prevent irritation to the periapical tissues.[1] Failure to
determine the proper working length can result in short
working length with tissue being left in the canal or a long
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working length, with possible sequelae of damage to the
periradicular tissues. This can result in patient discomfort,
reinfection and/or extrusion of irrigating solution beyond
the confines of the canal.[2,3]
Traditionally, the point of termination of endodontic
instrumentation and obturation has been determined by
digital tactile sense, apical periodontal sensitivity, paper
point measurement, and radiographic technique.[1]
However, among all these methods, none of them was singly
able to accurately determine the apical constriction. To
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date, radiographs are the most commonly used technique,
but they are subjected to distortion, magnification, lack
of three-dimensional representation, increased radiation
exposure to the patient, interpretation variability among
the different clinicians and is time-consuming.[4]
Apart from the above mentioned, radiograph has inherent
drawbacks when the apical portion of the canal is obscured
by anatomic structures, such as impacted teeth, tori,
zygomatic arch, excessive bone density, overlapping roots,
or shallow palatal vault. Electronic apex locator (EAL)
currently are being used to determine the working length
and is an important adjunct to radiographs which has
overcome its drawbacks.[5]
Since the introduction of first electronic apex locater by
Sunada, it has undergone lot of improvements. This has
led to a greater precision, fewer procedural errors, less
discomfort to the patient and faster case completion.[6]
Although many generations of EAL’s are available for use
in clinical practice, Root ZX has become the benchmark to
which other apex locators are compared. Root ZX has been
exhaustively tested for accuracy in vivo and in vitro. Root
ZX has shown 90-100% accuracy in determining the minor
apical foramen.[4]
As there are not enough clinical studies reported in the
literature regarding the accuracy of Raypex 5 in determining
the location of minor diameter, there arises a need to
compare the efficacy of newer EAL’s to the older ones.
The purpose of this study was to evaluate in vivo accuracy
of Raypex 5 and compare it with Root ZX in detecting the
minor apical foramen.

MATERIALS AND METHODS
Thirty-one patients with completely formed singlerooted permanent teeth indicated for extraction due to
orthodontic, prosthodontic and periodontal reasons were
selected for the study. Before initiation of treatment,
informed consent was obtained from each patient.
Two percent 1:80,000 lignocaine (Lignox, Warren)
anesthetic was administered; the tooth was isolated
under rubber dam (Hygenic Corp., Coltene Whaledent).
The occlusal surface was flattened using number 201 flat
end tapered fissure diamond point (Shofu, Kyoto, Japan)
in a high-speed handpiece and water spray. This was to
allow for easy access to pulp chamber and to create a
flat reference point for working length. Endodontic
access was prepared with Endo Access Bur (dentsply.
co.uk) pulp extirpated using barbed broach (Dentsply
Maillifer). Root canal orifice was flared using Orifice
Shapers 1 and 2 (Dentsply Tulsa Dental, USA). 2.6%

Sodium hypochlorite solution (Venson’s India) was used
for irrigation. Fifteen size K-file (Kendo, Europe) was
used to obtain the working length of each tooth from
both the apex locators-Root ZX (J. Morita Corporation,
Tokyo, Japan) and Raypex 5 (VDM, Munich, Germany).
The file was withdrawn from the canal each time, and
WL recorded using digital caliper.
The working length reading from the apex locator that
was used last was taken and 15 K file adjusted to that
reading was placed in the canal and cemented with TypeII GIC (FUJI II, GC Corporation, Japan). The estimated
working length was reconfirmed by adapting the
electrode to the cemented file, to make sure that GIC
placement did not disturb the recording. The handle of
the instrument was sheared off using orthodontic wire
cutter. The tooth was then extracted as atraumatically
as possible with the cemented file in the root canal.
The extracted tooth was then placed in 5.25% of sodium
hypochlorite for 15 min, to remove organic debris. The
samples were then placed in 0.2% thymol saline solution
till examined.
The same procedure was repeated for all the teeth,
but the sequence of use of Raypex 5 and Root ZX
were alternated to avoid bias. The working length
determination was done with both the apex locators,
following manufactures instructions. The position of
the minor diameter in relation to the anatomic apex
and presence of resorption was recorded for each tooth
under stereomicroscope at ×10.
The apical 4 mm of root was shaved using a 12 fluted bur,
size ET6 with 1.4 mm diameter (E.T. Carbide, USA) along
the long axis of the tooth in a plane that was determined
to show the best representation of the minor diameter in
relation to the file. Shaving with bur was performed under
an operating microscope (Alltion, Germany) at ×12.5 such
that the file could be seen through a thin layer of dentin.
This last layer was then removed using a number 15 Bard
Parker blade.
A double-blind examination was performed with regard to
the use of two EALs. Two investigators, blinded at which
EALs was used, recorded the distance from the end of the
file to minor diameter (narrowest part of canal as given
by Kuttler’s) under stereomicroscope (Labomed) at ×10
(negative value indicates short or coronal to minor diameter)
[Table 1]. The data were statistically analyzed using paired
sample t-test to know the statistical significance of the two
EALs.
During the histomorphometric analysis in one of the teeth
included in the study was found to have apical defect
(fracture) and hence was excluded and another case was
taken to compensate the sample size of 30.
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Table 1: Two investigators, blinded at which electronic apex locator was used, recorded the distance from the end of
the file to minor diameter under stereomicroscope (labomed) at ×10 magnification. (negative value indicates short [or
coronal] to minor diameter)
No of teeth
Root ZX (mm)
Raypex 5 (mm)
No of teeth
Root ZX (mm)
Raypex 5 (mm)

1
-0.5
0.5
16
-0.1
0.3

2
0.5
0.6
17
0.3
0.2

3
0.0
0.0
18
0.0
0.0

4
0.0
0.0
19
0.0
0.0

5
-0.3
0.0
20
0.2
-0.3

6
-0.3
0.0
21
-0.2
-0.2

Figure 1: Extracted tooth under stereomicroscope

The minor diameter was determined in all the teeth.
Figures 1 and 2 showed the distances of the file tips for the
EALs in relation to the minor diameter. The mean distance
between the instrument tip and the minor diameter was
+0.00 ± 0.21 mm for the Root ZX and +0.05 ± 0.23 mm
for the Raypex 5 [Table 2].
The minor diameter was coinciding with the tip of the
instrument in 10 cases when Root ZX was used and in 12
cases when Raypex was used. In 96.6% of cases tested with
Root ZX the minor diameter was within the limit of ±0.5
mm. In 93.2% of cases, minor diameter was within a limit of
±0.5 mm with Raypex 5 [Table 3].
An exact agreement between the results of the two EALs
was not found in any of the cases. The paired sample t-test
showed that there was no significant difference between
the results of Root ZX and Raypex 5 in determining the
minor diameter (P < 0.362271) [Table 2].

DISCUSSION
In clinical practice, the apical constriction is the
narrowest and more consistent anatomical feature in the
root canal system.[7] Thus, preferred apical end point for
instrumentation and obturation in endodontic therapy.
Posttreatment discomfort is greater when this area is
violated by instrumentation or filling materials and the
healing process may be compromised. Kuttler in 1955
gave the most comprehensive anatomic microscopic
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7
-0.1
-0.1
22
0.1
0.0

8
0.3
0.0
23
-0.2
0.0

9
0.0
0.4
24
-0.1
-0.2

10
-0.3
0.4
25
0.1
-0.1

11
0.3
0.0
26
-0.1
-0.3

12
0.3
0.4
27
0.2
0.0

13
0.0
0.1
28
0.0
-0.1

14
-0.1
0.0
29
0.0
0.2

15
0.0
-0.3
30
0.1
0.1

Figure 2: Extracted tooth after sectioning under operating
microscope

study of the root tip. Minor foramen is often thought
to coincide with the apical constriction and regarded
as being at or near the cemento-dentinal junction (CDJ)
(Kuttler 1958). The minor diameter represents the
transition between the pulpal and the periodontal tissue,
located in the range of 0.5-1.0 mm from the external
foramen or major diameter on the root surface.[7] Kuttler
concluded that the average distance between the minor
and major diameters was 0.524-0.659 mm.[2] Modern apex
locators help to determine the apical end point of root
canal instrumentation. Hence, they are recommended to
complement conventional radiographic working length
determination techniques.[5]
Although many generations of EALs are available for use
in clinical practice, since the introduction of Root ZX, it
has become a benchmark to which other apex locators are
compared.[4] Root ZX uses two different frequencies (8 KHz
and 400 Hz) simultaneously to measure the impedances in
the canal. The device then determines a quotient value by
dividing the 8 KHz impedance value by 400 Hz impedance
value. The minor diameter is located when a quotient
equals 0.67. Root ZX can be used in canals filled with all
types of fluids because the quotient (0.67) is always the
same.[8-10]
Raypex 5 is a newly introduced apex locator that uses two
separate frequencies (400 Hz and 800 Hz). It is claimed
that the combination of using only one frequency at a time
and basing the measurements on the root mean square
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Table 2: Distances from the tip of file relative to the
minor diameter (mm) a paired sample t-test: There
was no statistically significant difference between the
accuracy of the two electronic apex locators in locating
the minor diameter (P < 0.362271)
EALs
Root ZX (n=30)
Raypex 5 (n=30)

Mean

SD

0.0000
0.0533

0.2166
0.2330

Table 3: Distance-instrument to minor diameter.
Distances of the instruments tip for Root ZX and
Raypex 5 in relation to the minor diameter
Distance from file tip
to minor diameter

Root Zx
(n=30)

%

Raypex 5
(n=30)

%

had gone beyond the major foramen.[20] During working
length determination, the file should only be advanced
until the display indicates the apex. This is to avoid the files
passing through the major foramen and overestimating the
working length.[20-21]
In the present study, both the Root ZX and Raypex 5 showed
the accuracy of the results to the extent of 96.6% and 93.2%
accurate in detecting the minor diameter to the strictest
acceptable range of 0.5 mm. Hence, from these results, it
can be concluded that Raypex 5 is as effective as Root ZX in
determining the minor diameter.
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Simultaneous Single Tooth Intrusion and Diastema Closure - A
Simplified Approach
By Isha Jain, BDS; Rohan S Hattarki BDS, MDS
Abstract: Re-treatment of relapse with a full bonded appliance following an extensive course of fixed mechanotherapy is
psychologically unacceptable and time-consuming for the patient. This article presents a simple removable appliance, which intrudes
an extruded maxillary incisor with simultaneous closure of a diastema in an effective and fast way, reducing the need for re-treatment
with fixed mechanotherapy.
Keywords: Intrusion; diastema; removable appliance

ntroduction
Many times during routine orthodontic treatment,
correction of single tooth malocclusion is
required. This single tooth malocclusion or minor
malocclusion may be present from the beginning or may be
present as a result of post orthodontic treatment relapse. It is
necessary to treat such malocclusion with minimal appliances,
especially in relapsed cases, as the patient would have already
undergone comprehensive treatment for 18-24 months. A
number of removable appliances have been used in the past for
correcting the same1-4. The present article describes a simple
technique to intrude a single tooth along with diastema closure.
Patient History
An 18-year-old female with a previous
history of orthodontic treatment reported
to the department with the chief complaint
of opening up of spaces in the upper front
region of the jaw. On examination, the
patient had an extruded maxillary left central
incisor, along with a midline diastema and a
high maxillary labial frenal attachment (Fig
1a). A fractured upper fixed lingual retainer
was observed (Fig 1b).
Treatment Goals
Since the patient did not agree on
undergoing comprehensive orthodontic
treatment with fixed mechanotherapy,
treatment for the closure of diastema and
extruded maxillary left central incisor was
planned with a removable appliance.
Appliance Fabrication
A working cast was made for fabrication
of the removable appliance. The appliance
was a modification of the Hawley’s retention
plate, which consisted of Adam’s retention
IJO  VOL. 26  NO. 4  WINTER 2015

clasps for the first molars, and a canine-to-canine labial bow.
A soldered hook was made of 1 mm stainless steel wire on the
labial bow in line with the long axis of the maxillary left central
incisor, contoured and kept 1 mm away from alveolar mucosa
(Fig 2a). An acrylic baseplate was fabricated with a lingual
button embedded on the palatal aspect in line with the long axis
of the incisor (Fig 2b).
Activation
The appliance was inserted into the patient’s mouth
and was activated by engaging an elastomeric chain from the
soldered hook to the lingual button, running across the incisal

Figure 1a: Pretreatment: Extruded
maxillary left central incisor with midline
diastema.

Figure 1b: Fractured upper
lingual retainer.

Figure 2a: Appliance fabrication:
Soldered hook in line with the long axis
of the maxillary left central incisor.

Figure 2b: Lingual button
embedded on the palatal
aspect in line with the long axis of
the maxillary left central incisor.
39

Figure 3a and 3b: Appliance activation with attachment of
elastomeric chain.
Figure 4a: Second week
recall showing intrusion of
the maxillary left central
incisor.

Conclusion
Even though clear aligners would have a
definite advantage over the appliance in terms
of aesthetics, the stability of the aligner while
intruding the tooth was in question. The applied
forces would tend to dislodge the aligner in an
occlusal direction. Additionally, the cost of the
aligner was a significant factor, as the patient
had to be retreated due to the relapse following
previous orthodontic therapy.
The removable appliance used in the present
case provides an effective and fast way for single
tooth intrusion along with minor space closure.
It provides an easy and economical way, with
reduced chair side time, for treating minor
malocclusions that are usually seen as a result of
relapse after orthodontic treatment.

Figure 4b: Fourth week
recall showing intrusion of
the maxillary left central
incisor with simultaneous
closure of space.
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Figure 5a: Post treatment
photograph after achieving desired
intrusion and space closure and
Gingivoplasty.

Figure 5b: Fixed lingual
retainer from canine-tocanine.

edge, which exerted a force of 20g on the maxillary left central incisor (Fig
3a and 3b). After achieving sufficient intrusion, the labial bow was also
activated by closing the U loops to achieve simultaneous space closure.
The patient was instructed on wear and hygiene of the appliance. She was
recalled on a weekly basis (Fig 4a,4b,4c).
Satisfactory intrusion of the maxillary left central incisor with closure
of midline diastema was achieved in 6 weeks with the rest of the occlusion
remaining unaltered (Fig 5a). Frenectomy was then performed for high
maxillary labial frenum. Gingivoplasty to regain gingival contour and
circumferential supracrestal fibrotomy for the maxillary left central incisor
was performed after completion of intrusion to maintain stability.
A fixed lingual retainer from canine-to-canine was placed in the
maxillary arch after adequate healing of the gingival tissue (Fig 5b).
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A Simple Technique for Bonding Lingual Retainer
By Rohan S. Hattarki, BDS, MDS; Shikha Rastogi, BDS

Abstract: The present article describes an easy method to place a bonded lingual retainer. This technique is also helpful in limiting the
flow of the acid etchant used for etching and also limiting the flow of the adhesive on to the lingual surfaces of the teeth.
Keywords: Retention, lingual retainer

ntroduction
Various techniques for keeping the retainer wire in
position for direct and indirect bonding of lingual
retainers have been described such as finger pressure,1
1,2,3
dental floss, orthodontic elastics4,5 and separators.6 It is important
to keep the retainer wire in a stable position as any shift can lead to
bond failure. It is also essential to limit the adhesive on the lingual
surface of the teeth, as excess or an improper placement of adhesive
can lead to interference in occlusion or plaque accumulation. This
article describes a new method for placement of lingual retainers.
Following is the procedure
1. Fabricate a 0.0175” stainless steel twisted wire retainer on
the patients post treatment cast. For a 3 - 3 retainer, wire
is extended to the first premolars (Figure 1).
2. A small sheet of modeling wax is taken and adapted from
premolar to premolar, covering the labial and lingual
surfaces of the teeth. Small trenches are cut out on the
lingual surface of the wax, corresponding to the centre
of each tooth (Figure 2). This forms the transfer tray.
3. The retainer wire is placed back on the patients cast and
stabilized with the transfer tray (Figure 3).
4. The transfer tray along with the wire is then transferred
to the patient’s maxillary arch.
5. Etch, rinse dry and seal the lingual surfaces of all the
teeth through the trenches. Bond the retainer wire with
light – cured adhesive.
6. The transfer tray is then lifted off from the maxillary arch.
Cut the excess wire distal to canine (Figure 5).
Advantages
• Easy, inexpensive.
• Limited etching of the tooth surface.
• Limits the adhesive on the lingual surface of the teeth, thereby
ensuring proper occlusion and oral hygiene maintenance.
• Convenient, especially in the maxillary arch.
IJO  VOL. 26  NO. 1  SPRING 2015

Figure 1: Post treatment dental cast showing lingual
retainer wire extended till premolars.

Figure 2: Wax transfer tray adapted on labiolingual
surface of the dental cast with trenches on lingual
surface.
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Figure 3: lingual retainer wire stabilized with wax transfer
tray.
Dr. Rohan S. Hattarki completed his BDS from
SDM college of dental sciences dharwad and MDS
from KLE VK Institute of dental sciences KLE
university, Belgaum, India. Currently working as a
reader in the same institute.

Figure 4: Wax transfer tray along with retainer wire
transferred to maxillary arch.
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Figure 5: maxillary arch occlusal view showing bonded
lingual retainer.
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Abstract
Objective The aim of the study is to assess the clinical
and radiological factors that increase the surgical difficulty
in removal of mandibular impacted 3rd molar and design a
new difficulty predictive index.
Methods The data was collected from 100 patients with
impacted mandibular 3rd molar who presented to Department of Oral and Maxillofacial Surgery, K.L.E’s Institute
of Dental Sciences. Clinical and radiological parameters
included in the New Index were noted. The tooth was then
removed under local anesthesia and time taken for the
removal was noted. The Pederson Index, New Index and
time taken were co-related using kappa statistical analysis.
Results The kappa agreement between Pederson Index
and time taken was 66.50 % (0.2231) whereas between
New Index and time was 89 % (0.7177) indicating that
New Index is a better predictor of the difficulty.
Conclusion The New Index is a reliable tool in predicting
the difficulty in the removal of mandibular impacted third
molar.
Keywords

Impaction  3rd molar  Minor oral surgery

Introduction
Surgical removal of mandibular third molar is one of the
most common procedures in any dental office. This is
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why, sometime in their career, every dental surgeon has
faced difficulty in surgical removal of mandibular third
molars. Both the patient and dentist must therefore have
scientific evidence-based information concerning the
estimated level of surgical difficulty of every case. The
ability to predict the surgical difficulty of lower third
molar extraction is essential when designing a treatment
plan in that it helps to assess the competence of the dental
practitioner for the particular operation, minimize complications, and optimize the preparation of the patient and
assist in terms of the postoperative management of
inflammation and pain [1–3]. We should know the difficulty in advance so as to plan the surgery, explain to the
patient the expected difficulty and possible complications
if any. It gives us an idea to schedule the appointment as
required in difficult cases.
There are a number of previous studies to evaluate
surgical difficulty in the extraction of impacted mandibular third molars [4–7]. However, most of these studies
were based only on dental factors evaluated by radiologic
assessment. Other authors believe it is difficult to estimate
actual difficulty by radiologic methods only, and that it is
only intraoperatively that actual difficulty can be estimated [8]. Some authors also believe that clinical variables such as age, gender, and weight of the patient are
also very important [9].
An appropriate paradigm is needed to determine factors
associated with surgical difficulty to treat patients adequately
and provide students and residents with the tools necessary to
predict the difficulty and the possible complications encountered during surgery. In this study we have assessed both
clinical and radiologic variables that are responsible for
increasing the difficulty encountered during the surgical
extraction of mandibular third molars. We also propose a New
Index based on both clinical and radiologic variables.
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Materials and Methods
The required data for the study was collected from 100
human subjects with impacted mandibular 3rd molar teeth
who presented to the Department of Oral and Maxillofacial
Surgery, K.L.E’s V K Institute of Dental Sciences, Belgaum. The patients who were included in the study were all
healthy adults in the age range of 18–45 years {males/
females}; ASA class I and class II; if one or more episodes
of infections such as pericoronitis, abcess has occurred;
when there is caries in the 3rd molar with no hope of
restoration or caries in the second molar which cannot be
treated without removal; if periodontal disease caused by
the position of the 3rd molar is also affecting the second
molar.
Detailed case history of the patient was taken. All
patients were ruled out for any medical conditions. Then a
thorough examination of the third molar in question was
done. Preoperative details were noted on the proforma
(Table 1). The assessment included the Pederson’s Index,
depth from point of elevation, the preoperative clinical
grading chart, the root form, width of the root.
After thorough case history, clinical and radiographic
evaluation, the patient is prepared for the surgery. The
patient was positioned in the dental chair, baseline
recordings of blood pressure was measured. Local anesthesia using 2 % lignocaine HCl with 1:200,000 adrenaline
was administered to the operating site depending on the
procedure to gain local analgesia. After the effect of local
anesthesia was achieved, surgery was started under all
aseptic precautions. Surgical procedure for the impacted
third molar was performed. During the surgery, a verbal
contact was maintained with the patient at all times. At any
point of time when it was found that the anesthetic was not
adequate, an incremental block was given later on during
the procedure. A standard incision with no. 15 blade was
made with the buccal vertical release incision. Approach
was usually the ward’s incision. Soft tissue was reflected
using a periosteal elevator. Bone removal was done for all
the 100 impacted teeth using a straight carbide fissure bur
(ss white carbide bur no. 702) and no. 8 round bur. Tooth
division was done using the same bur. Elevation of distal
tooth segment was followed by the mesial tooth segment.
After removal of the tooth the alveolus was inspected for
root fragments, loose bony fragments, attached dental follicle sac and curetted if necessary. Thorough inspection for
fracture of the lingual plate or exposure of the inferior
alveolar nerve was done. Thorough curettage of the socket
was done. Closure was done using silk sutures. The time
taken from the start of incision to the time the tooth was
removed from the socket was noted for every case.
After all 100 cases, the study of quartiles was done on
the proposed New score and the time taken and they were
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Table 1 New Index proforma
Score
(A) Pederson’s Index
1. Angulation of the tooth
Mesioangular

1

Horizontal

2

Vertical

3

Distoangular

4

2. Depth
Level A

1

Level B

2

Level C

3

3. Ramus relationship
Class I

1

Class II

2

Class III

3

(B) Depth from point of elevation
0–3 mm (slightly difficult)

1

4–6 mm (moderately difficult)

2

[6 mm (very difficult)

3

(C) Pre-operative clinical assessment chart
Mouth opening (adequate/reduced)

(1/2)

Tongue size (normal/large)

(1/2)

Angulation of external oblique ridge (obtuse/acute)

(1/2)

Cheek flexibility (flexible/non flexible)

(1/2)

(D) Width of root

Thin (A C B)—easy

1

Bulbous (B [ A)—moderate

2

Thick (multiple roots B [ A, B [ thickness of all roots
combined)

3

(E) Curvature of roots
1
(straight roots)
2
(both roots distally curved)
3
(distal root distally curved)
4
(both roots curved towards each other)
5
(mesial root distally curved)
6
(distal root mesially curved)

J. Maxillofac. Oral Surg.
Table 1 continued

Table 3 No. of patients in Pederson Index and New Index
Pederson’s
Index

New Index
Slightly
difficult (N
index)

Moderately
difficult (N
index)

8

Slightly
difficult (P
index)

13

15

6

34

9

Moderately
difficult (P
index)

7

16

5

28

Difficult (P
index)

8

14

16

38

28

45

27

100

Score
7
(mesial root mesially curved)

(both roots mesially curved)

(both roots curved away from each other)
Total score = A ? B ? C ? D ? E
Table 2 Quartiles statistical
analysis

Total

Quartiles
Q1
Pederson
score

Q2

Q3

4.0

5.0

6.0

New Index
score

16.0

18.0

21.0

Time taken

15.5

22.0

32.0

divided into three groups; slightly difficult, moderately
difficult and very difficult, thus giving a New Index that
helps in preoperatively predicting the difficulty in the
surgical extraction of mandibular third molar. The Pederson Index score, the New Index score and the time taken
are correlated using the kappa statistical analysis.
The protocol was reviewed by the appropriate institutional review board (IRB), was in compliance with the
Helsinki declaration, and each subject in the project signed
a detailed informed consent form.

Results
Note: for statistical analysis purposes, the total score was
classified into ‘‘slightly difficult’’, ‘‘moderately difficult’’,
and ‘‘difficult’’ groups on the basis of quartiles of the
scores (i.e. BQ1 = slightly difficult; between Q1 and
Q3 = moderately difficult; and CQ3 = difficult). The
minimum score was 10 and maximum was 33 (Table 2).
Of the 100 cases; according to Pederson Index, slightly
difficult included 34 patients, moderately difficult included
28 patients and difficult included 38 patients whereas our
New Index included 28 patients in slightly difficult group,
45 in moderately difficult group and 27 in the difficult
group as shown in (Table 3).
Comparison between the Pederson Index and time taken
shows a kappa agreement of 66.50 % (kappa value 0.2231)
as shown in Tables 4 and 5 whereas between New Index
and time taken shows a kappa agreement of 89 % (kappa
value 0.71778) as shown in Tables 5 and 6.

Difficult
(N index)

Total

Table 4 Comparison of Pederson Index and time taken
Pederson’s
Index

Time taken
Slightly
difficult (time
taken)

Moderately
difficult (time
taken)

Slightly
difficult (P
index)

10

20

4

34

Moderately
difficult (P
index)

12

12

4

28

Difficult (P
index)

3

17

18

38

25

49

26

100

Total

Difficult
(time
taken)

Total

Discussion
Preoperative assessment of surgical difficulty is fundamental to the planning of extraction of impacted third
molars. The assessment is not only important to the dental
surgeon who needs it to be able to decide whether or not to
refer patients for specialist care, but it is also important in
predicting the possible complications so that the patient can
be informed [2]. Most researchers agree that postoperative
complications are more commonly associated with more
difficult extractions. With the range of difficult extractions
from the studies being between 4.1 and 44.5 %, it is
imperative that patients are, to the highest level of scientific
certainty, informed of the possibility of complications after
removal of their impacted mandibular third molars, based
on a preoperative estimation of difficulty. Prediction of
operative difficulty is therefore important for correct
management (Table 7).
MacGregor [10] made the first attempt to establish a
model for assessing surgical difficulty [10]. This model
served as the basis for subsequent studies. Previous
assessment models are based on dental factors recorded on
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Table 5 Kappa agreement
between Pederson Index and
time taken

Agreement

Expected agreement

Kappa

SE

Z value

p value

Pederson Index

66.50 %

56.88 %

0.2231

0.0749

2.98

0.0014

New Index

89.00 %

61.02 %

0.7178

0.0750

9.5700

0.00001

Table 6 Comparison of New Index and time taken

Table 7 Kappa agreement between New Index and time taken

New Index

Agreement

Expected
agreement

Kappa

SE

Z value

p value

89.00 %

61.04 %

0.7177

0.1062

6.7600

0.00001

Time taken
Slightly
difficult
(time taken)

Slightly difficult
(New Index)

Moderately
difficult
(time
taken)

Difficult
(time
taken)

Total

20

6

2

28

Moderately difficult
(New Index)

4

39

2

45

Difficult
(New Index)

1

4

22

27

25

49

26

100

Total

preoperative X-rays [1, 2, 11]. Three imaginary lines to
determine the depth of the mandibular third molars in bone
have been described earlier [12]. This method is taught to
most undergraduate students, but is reported to be used
little in practice [1]. Pell and Gregory described an alternative method, but it also has recently been found to be an
unreliable method of determining surgical difficulty [13].
The Pederson scale is widely cited in oral and maxillofacial
surgical texts as a useful way of predicting the difficulty of
extraction of impacted lower third. However, this method
has recently been found to be inadequate for the determination of surgical difficulty [14]. Edwards et al. [8] corroborated this by reporting that it is difficult to estimate
actual surgical difficulty by radiologic assessment alone.
Thus, a classification system based on clinical and radiographic results would be a useful tool [15].
In our study, mandibular third molars were studied in
100 patients in whom 100 third molars were extracted
using transalveolar method. Of the 100 patients, 59 were
males and 41 females. There was no significant difference
between the number of male and female patients which is
in contrast to the study by Carvalho et al. [16] who suggest
that women seek third-molar surgery more frequently than
men. According to Nakagawa et al. [17] the female gender
is a risk factor because of the mandible’s lesser bone
thickness. In the present study, however, gender was not a
determinant of surgical difficulty. The mean age of the
patients was 28.32 years.
A number of studies have used surgery time and surgical
technique as determinants of difficulty [4, 11, 18, 19]. A
study by Lago-Méndez et al. found both these factors to be
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reliable, statistically significant measures and the best way
to predict surgical difficulty [19]. The surgery time is
considered to be the gold standard in determining the
surgical difficulty [4, 11, 15, 18, 19]. In our study, we have
considered time taken for tooth removal (surgery time) to
be the gold standard for determination of the surgical difficulty against which we have compared the conventional
Pederson’s Index and our proposed New Index.
In our study, the kappa of agreement between the conventional Pederson’s Index and the surgery time is 66.50 %
(p value = 0.2) in contrast to the kappa of agreement
between our proposed New Index and the time taken for
tooth removal which is 89.0 %. The results of our study
indicates that there is no significant association between the
conventional Pederson’s Index and the operation time. We
have proposed a New Index in which factors like depth
from point of elevation, mouth opening, tongue size,
angulation of external oblique ridge, cheek flexibility,
width of the root, curvature of roots were incorporated
along with the Pederson’s Index. There is a significant
association between this New Index and the operation time
which reflects on the accuracy of the index.
In our opinion radiographic factors alone are insufficient
predictors of the surgical difficulty encountered during the
surgical removal of mandibular third molar. The Pederson
Index originally aimed to grade the difficulty of surgical
extraction; the intervals of classification have the same
value and the points indicated difficulty. However the Pederson’s scores in almost all our patients was classified as
moderately difficult which is in accordance with the study
by Yuasa et al. [6]. The results of our study show that the
New Index is better than the Pederson’s Index in terms of
kappa agreement test. The difference between the New
Index and Pederson’s Index is the inclusion of additional
factors like depth from point of elevation, mouth opening,
tongue size, angulation of external oblique ridge, cheek
flexibility, width of the root, curvature of roots. This suggests that the additional clinical factors are equally
important for the prediction of the surgical difficulty. Thus
both clinical and radiographic factors when assessed

J. Maxillofac. Oral Surg.

together enables in accurate prediction of the surgical
difficulty. Our New Index includes both clinical and
radiologic factors, as a result of which there is a significant
association between our index and the operation time.
In our opinion, this New Index is an accurate and
valuable tool for the prediction of the surgical difficulty in
the removal of mandibular third molar. This index is easy
to calculate and can be used by general dental practitioners,
residents and experienced oral and maxillofacial surgeons
alike.
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ABSTRACT
Background: To study the rarity of mandibular coronoid
process fractures and treatment strategies based on the
displacement of these fractures.
Materials and methods: A retrospective study of 11 cases of
coronoid process fractures among 307 treated cases from 2008
to 2013 was conducted. Six patients were treated conservatively
and 5 underwent ORIF with associated fractures. A statistical
analysis of the data obtained after subjective and objective
evaluation was done.
Results: The incidence of coronoid process fractures was
3.58% of all mandibular fractures analyzed. There was no
statistically significant difference found between two treatment
modalities, but differences in maximum interincisal opening
(MIO) and pain in the postoperative period were significant.
Conclusion: We recommend that linear coronoid fractures
with minimal displacement can be managed with conservative
treatment. For patients with significant displacement of coronoid
process, limited mouth opening or concomitant mid-face or
lower-face fractures, rigid internal fixation is recommended.
Keywords: Coronoid fracture, Mandibular fracture, Open
reduction, Internal fixation.
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INTRODUCTION
Mandibular fractures are common injuries seen in
the maxillofacial setting, but fracture of the coronoid
process is a relatively rare entity.1 Coronoid fractures
are the result of high velocity road traffic accidents, falls,
interpersonal violence, and explosions. Clinical situations
like mandibular third molar extraction and sagittal split
osteotomy of mandibular ramus may lead to iatrogenic
coronoid process fracture, but are rare.2
These fractures frequently present with restricted
mouth opening and pain, which may be attributed to

associated fractures or inappropriate management,
eventually leading to adherence between the fracture
segment and surrounding tissues.3,4
Although conservative management has been
advocated for such fractures, surgery may be needed in
cases with significant displacement of fragment, restriction
of movement, poor candidates of maxillomandibular
fixation (MMF) and those undergoing open reduction
and internal fixation (ORIF) of associated fractures.
The traditional surgical approaches include both
intraoral and extraoral incisions. In the present study
we report follow-up results of 11 patients with coronoid
fractures being treated from 2008 to 2013 at our oral and
maxillofacial unit.

Materials and methods
A total of 307 patients with mandibular fractures were
treated between 2008 and 2013. Among these, 11 patients
had coronoid process fractures of which 6 patients
(7 coronoid processes) were treated conservatively
(Figs 1 and 2) and 5 patients (6 coronoid processes)
underwent open reduction and internal fixation (ORIF)
using extraoral and intraoral approaches according to
concomitant injuries. (Table 1).
Detailed information regarding medical history,
treatment method and follow-up results were obtained.
Patients who were lost to follow-up were excluded.
Written informed consent was obtained from the patients.
Ethical committee and institutional review board
approval was taken.
Patients were provided the standard visual analog
scale (VAS) for pain assessment on preoperative,
postoperative day 1, 4 weeks and 6 months. Objective
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Fig. 1: Three-dimensional reconstruction of mandibular left
coronoid fracture
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Table 1: Distribution of patients by gender and coronoid # side
Factors
ORIF
%
Conservative
Gender
Male
4
80.0
5
Female
1
20.0
1
Age
Mean age
36.80
42.00
SD age
6.98
10.04
Coronoid # side
Left
3
60.0
2
Right
1
20.0
3
Bilateral
1
20.0
1
Total
5
100.0
6
ORIF: Open reduction internal fixation, SD: Standard deviation

%

Total

%

100.0
20.0

9
2

81.8
18.2

39.64
8.79
40.0
60.0
20.0
120.0

5
4
2
11

45.5
36.4
18.2
100.0

Table 2: Distribution of patients in two groups by associated fractures
Associated #
Lefort II
Left body + b/l condylar
Left ramus + angle
Left ramus + body
Left ramus + left angle + right parasymphysis
Left ramus + right parasymphysis
Left zygomatic arch
Right condyle
Right condyle + symphysis
Right zygomatic arch
Total

ORIF
0
0
1
1
1
1
0
0
0
1
5

%
0.0
0.0
20.0
20.0
20.0
20.0
0.0
0.0
0.0
20.0
100.0

data was collected by directly measuring the maximum
interincisal opening (MIO) preoperatively, immediate
postoperative and at 6 months follow-up.

Conservative Management
A total of 6 patients presenting with coronoid fracture
were managed conservatively using MMF for 3 to
4 weeks. Three had associated fractures in mandible
and three had concomitant fractures of midface and
zygomatic arch (Table 2).

Conservative
1
1
0
0
0
0
1
1
1
1
6

%
20.0
20.0
0.0
0.0
0.0
0.0
20.0
20.0
20.0
20.0
120.0

Total
1
1
1
1
1
1
1
1
1
2
11

%
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
9.1
18.2
100.0

(Figs 3 and 4). Four patients (5 coronoid processes) had
associated ramus and condyle fractures, which were
reduced and fixed at the same time. One patient had
coronoid fracture and zygomatic arch fracture on the
same side with limited mouth opening and no associated
fractures of mandible, and underwent ORIF via intraoral
approach (Table 2). Fractured fragments were reduced
and fixed using miniplates based on the stress trajectory
of the mandible under physiologic conditions.

Statistical Analysis

Five patients underwent ORIF for the coronoid fractures
via intraoral and extraoral retromandibular approach

Analysis of the data was performed using Mann-Whitney
U Test and Wilcoxon Matched Pairs test to compare the
preoperative and postoperative data. A p-value of < 0.05
was considered significant.

Fig. 2: Conservative management of mandibular
left coronoid fracture

Fig. 3: Orthopantomograph of associated mandibular left
coronoid fracture

Operative Management
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significant improvement in mouth opening and pain
scores in all the patients (Graphs 1 and 2).
Postoperative maximum intercuspation was achieved
and maintained even at 4 weeks follow-up. No complications like facial nerve injury, sialocele associated with
retromandibular approach, malocclusion or deviation
of the mandible were noted in either of the groups at 6
months follow-up. Maximal interincisal opening was 46
mm in conservative group and 48 mm in ORIF group
after 6 months follow-up.

Discussion
Fig. 4: Open reduction and internal fixation of associated
mandibular left coronoid fracture

Results
Coronoid fractures accounted for 3.58 % of all mandibular
fractures (n = 11). Average age of patient in our study was
39.63 years (Range = 28-55 years). There were 9 males
and 2 females. All the patients presented within 4 weeks
of injury and all the injury occurred due to road traffic
accident. Two patients had bilateral coronoid fractures
while 9 had unilateral. Seven patients had associated
fractures of mandible and four had associated midface
fractures. Patients were followed up for 6 months.
Conservative management was employed in a total of
6 patients. There was significant improvement in mouth
opening from preoperative to postoperative 6 months
with p < 0.05 (Table 3). All patients showed improved
results on pain assessment with reduced pain (Table 4).
Five patients underwent surgery, four of them had
other associated mandibular fractures and one had
zygomatic arch fracture on the same side. Open reduction
and internal fixation was done for these fractures
along with coronoid fixation. Follow-up results showed

Fractures of coronoid process of mandible, because of
direct trauma, are very uncommon due to their protected
position under the zygomatic complex. Fracture may
be caused due to the reflex contraction of temporalis
muscle consequent to the fall and hit on the face. Similar
mechanism has been proposed for the fracture of genial
tubercle of the mandible.1
The coronoid process may also sometimes fracture
during the procedures like third molar extractions and
sagittal split osteotomy.2
The frequency of coronoid process fracture is reported
to be 1 to 3% of all mandibular fractures and 0.6 to 4.7% of
all maxillofacial fractures.2-5 Coronoid fractures usually
occur concomitantly with other fractures, such as neck
of the condyle or zygomatic bone. Our study found
incidence of coronoid fractures as 3.58% of all mandibular
fractures, whereas incidence of isolated coronoid fracture
(without associated mandibular fracture) was noted to
be 0.01%.
The temporalis muscle is large and fan shaped, arising
from a broad base and inserting into the medial and
anterior aspect of the coronoid process. The function of
temporalis is to elevate the mandible while the posterior

Table 3: Comparison of preoperative, postoperative and 6 months with respect to maximum incisal opening in open reduction
internal fixation and conservative groups by Wilcoxon matched pairs test
Groups
ORIF

Time
Mean
SD
Mean diff
Preoperative
21.60
3.91
–23.00
Postoperative
44.60
2.30
Preoperative
21.60
3.91
–20.20
Six months
41.80
3.42
Postoperative
44.60
2.30
2.80
Six months
41.80
3.42
Conservative Preoperative
31.33
5.96
–10.50
Postoperative
41.83
3.06
Preoperative
31.33
5.96
–9.33
Six months
40.67
2.73
Postoperative
41.83
3.06
1.17
Six months
40.67
2.73
*p < 0.05, ORIF: Open reduction internal fixation, SD: Standard deviation
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SD diff
4.00

Change (%)
–106.48

z-value
2.0226

p-value
0.0431*

3.96

–93.52

2.0226

0.0431*

1.30

6.28

2.0226

0.0431*

5.05

–33.5

2.2014

0.0277*

5.16

–29.8

2.2014

0.0277*

1.33

2.8

1.6773

0.0935
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Table 4: Comparison of preoperative, postoperative and 6 months with respect to pain scores in open reduction internal fixation and
conservative groups by Wilcoxon matched pairs test
Groups

Time

Mean

SD

Mean diff

Preoperative
8.60
0.89
Day 1
8.00
1.00
0.60
Preoperative
8.60
0.89
Four weeks
2.40
0.55
6.20
Preoperative
8.60
0.89
Six months
0.00
0.00
8.60
Day 1
8.00
1.00
Four weeks
2.40
0.55
5.60
Day 1
8.00
1.00
Six months
0.00
0.00
8.00
Four weeks
2.40
0.55
Six months
0.00
0.00
2.40
Conservative
Preoperative
8.17
0.41
Day 1
5.00
0.89
3.17
Preoperative
8.17
0.41
Four weeks
1.33
0.52
6.83
Preoperative
8.17
0.41
Six months
0.50
0.55
7.67
Day 1
5.00
0.89
Four weeks
1.33
0.52
3.67
Day 1
5.00
0.89
Six months
0.50
0.55
4.50
Four weeks
1.33
0.52
Six months
0.50
0.55
0.83
*p < 0.05, ORIF: Open reduction internal fixation, SD: Standard deviation

SD diff

Change
(%)

z-value

p-value

1.67

7.0

0.7303

0.4652

0.84

72.1

2.0226

0.0431*

0.89

100.0

2.0226

0.0431*

1.52

70.0

2.0226

0.0431*

1.00

100.0

2.0226

0.0431*

0.55

100.0

2.0226

0.0431*

0.75

38.8

2.2014

0.0277*

0.41

83.7

2.2014

0.0277*

0.82

93.9

2.2014

0.0277*

1.03

73.3

2.2014

0.0277*

1.05

90.0

2.2014

0.0277*

0.75

62.5

1.8257

0.0679

ORIF

fibers help in mandibular retrusion. It is also known
that, when a muscle is stretched, the myotactic reflex can
lead to sudden excitation of muscle spindles and reflex
contraction of the large skeletal muscle.6 The symptoms
of coronoid fracture vary according to the extent of injury.
Isolated episodes can cause limitation of mouth opening,
lateral cross-bite and mild to moderate swelling in the
zygomatic arch region.7

Traditionally, coronoid fractures are managed conservatively but surgery may be indicated in a few exceptions, especially those who are not good candidates for
prolonged MMF. Treatment is controversial and is based
on the amount of displacement of the coronoid segment
and associated symptoms.2 Kruger and other authors
advocate conservative treatment when there is no displacement and some have advised no treatment.8 Rapidis

Graph 1: Comparison of open reduction internal fixation and
conservative groups with respect to maximum incisal opening at
preoperative, postoperative and 6 months

Graph 2: Comparison of open reduction internal fixation and
conservative groups with respect to pain scores at preoperative,
postoperative and 6 months
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et al in their analysis of 52 cases of coronoid process
fracture discussed about conservative treatment of such
fractures.3 Takenoshita et al in their report of five cases
of fracture of coronoid process advocated nonsurgical
modalities.5 Other case report by Philip et al9 presented
bilateral reflex fracture of coronoid process of mandible,
treated conservatively and showed no complication and
adequate healing of the fragments. Shen et al10 in their
retrospective study of 39 cases advocated conservative
treatment for minimal displacement coronoid fracture
cases and open reduction for fractures with significant
displacement and other concomitant fractures via modified retromandibular approach.
Our study is in agreement with the previous authors
for the choice of treatment modality and fixation of
coronoid. The splinting by the temporalis muscle is
mostly adequate to hold the coronoid in position until
it heals.6,11,12 Fractures with minimal displacement or
restricted mouth opening can be managed conservatively
with MMF for 3 to 4 weeks followed by soft diet and active
physiotherapy. Fractures with significant displacement
that limits mandibular movement can be treated with
internal fixation via intraoral incision, pre-ramus approach
or a retromandibular approach. Johnson recommended
removal of coronoid process in the presence of temporalis
fibrosis.4 Walker,13 however, has warned that any active
movement undoubtedly increases the displacement and
delays union. Furthermore, nonunion in fractures of the
coronoid process may be more common than generally
suppotred.13 MMF for 3 weeks relieves discomfort and
prompts healing.11
Although Shen et al10 has provided a treatment
algorithm for management, only two cases could be done
according to it, because of lack of unified classification
systems for coronoid fractures in the literature. According
to the classification proposed, six patients had fracture of
coronoid process and the ramus, three had fracture of the
coronoid base, and two had fracture of upper coronoid
process.
By comparing the data between the two-treatment
options, we found no significant difference between
the two treatment modalities. But within the group
there were some difference for example, mouth opening
improved significantly from preoperative to immediate
postoperative day in open reduction as compared to
closed reduction. After follow-up of 6 months, patients in
both the groups showed no significant difference in the
mouth opening. Pain in immediate postoperative period
was significantly reduced in conservative treatment as
compared to open reduction, but showing no difference
in postoperative 6 months period.
Therefore, we recommend that linear coronoid
fractures with minimal displacement or restricted mouth
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opening can be managed with conservative treatment,
provided no osseous adhesion to surrounding soft tissues
take place. If progressive trismus develops due to osseous
adhesion between coronoid process and the zygomatic
arch, (which was not encountered in our study) it should
be managed surgically.
For patients with significant displacement, limited
mouth opening, concomitant mid-face or lower-face
fractures, rigid internal fixation is recommended.
Rationale for open reduction and internal fixation
of coronoid process in our study was to improve the
functioning of the temporalis muscle, as it is solely
attached to the coronoid process. Moreover, open
reduction and internal fixation provided primary
stabilization and improved mouth opening within few
weeks reducing the recovery time.

Conclusion
the choice of treatment plan should be based on the type
of fracture pattern, time of the fracture, the presence or
absence of other concomitant fractures and the severity
of clinical symptoms.
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Infraorbital nerve transpositioning into orbital floor:
a modified technique to minimize nerve injury following
zygomaticomaxillary complex fractures
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Abstract (J Korean Assoc Oral Maxillofac Surg 2015;41:74-77)
Objectives: Transpositioning of the inferior alveolar nerve to prevent injury in lower jaw has been advocated for orthognathic, pre-prosthetic and for
implant placement procedures. However, the concept of infra-orbital nerve repositioning in cases of mid-face fractures remains unexplored. The infraorbital nerve may be involved in trauma to the zygomatic complex which often results in sensory disturbance of the area innervated by it. Ten patients
with infraorbital nerve entrapment were treated in similar way at our maxillofacial surgery centre.
Materials and Methods: In this article we are reporting three cases of zygomatico-maxillary complex fracture in which intra-operative repositioning
of infra-orbital nerve into the orbital floor was done. This was done to release the nerve from fractured segments and to reduce the postoperative neural
complications, to gain better access to fracture site and ease in plate fixation. This procedure also decompresses the nerve which releases it off the soft
tissue entrapment caused due to trauma and the organized clot at the fractured site.
Results: There was no evidence of sensory disturbance during their three month follow-up in any of the patient.
Conclusion: Infraorbital nerve transposition is very effective in preventing paresthesia in patients which fracture line involving the infraorbital nerve.
Key words: Infraorbital nerve transposition, Paresthesia, Zygomaticomaxillary complex fractures
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I. Introduction
Acute loss of sensory function of the infraorbital nerve
following orbitozygomatic complex fractures is often seen
because of their close proximity as the nerve passes through
the infraorbital sulcus in the ﬂoor of the orbit to exit through
the infraorbital foramen1. Traumatic injury to the infraorbital
nerve may be due to compression, edema, ischemia, or laceration2.
Persistent hypoesthesia following correction of mid-face
and zygomatic complex fractures indicates injury to the infraorbital nerve. Although hyperesthesia along the distribution
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of the infraorbital nerve has been documented, it is comparatively rare in occurrence3,4. The incidence of long-term
neurosensory deficits in different studies varies from 10% to
50%1,5.
The incidence of mid-face and zygomatic complex fractures presenting with fracture lines running through the
inferior orbital foramen resulting in post-traumatic sensory
disturbance has been well studied and documented through
the years1,6-9. The most commonly documented cause for such
sensory disturbance is nerve impingement by fractured segments which have been reduced or fixed inadequately2. This
inaccessibility is compounded by the impeding course of the
infraorbital nerve. The other cause is formation of fibrous or
calcified tissue around the infraorbital nerve postoperatively,
leading to nerve compression.
A review of literature provides strong evidence and varied
methods for nerve decompression10,11. However the documented successful outcomes are not reported with individual
techniques, which could result in temporary or permanent
sensory loss.
To overcome this, we describe a new technique of reposi-
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tioning the infraorbital nerve into the orbital ﬂoor before reduction and stabilization of the fractured zygomatic complex.

II. Materials and Methods
Two male and one female patients with history of road traffic accidents reported to the hospital emergency room. Clinical and radiological examination (Fig. 1) revealed a displaced
zygomaticomaxillary complex fracture on the left side for
one of the patients and on the right for another.(Fig. 2, 3) The
third patient had a LeFort III fracture on the left and LeFort II

on the right side. Open reduction and internal fixation under
general anesthesia was planned for all the patients.
Surgical procedure
An intraoral approach was used to expose the zygomatic
complex. Two percent lignocaine hydrochloride with adrenaline (1 : 80,000) was infiltrated at the site of incision. The
incision was made in the buccal vestibule in the high mucobuccal fold area extending from canine to second molar region.

Fig. 3. Dissection of the nerve to free it from fracture line.
Fig. 1. Para-nasal sinus view.
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Supraorbital rim

Fracture line
Infraorbital nerve

Fig. 2. Fracture line running through infraorbital canal.

Fig. 4. Line diagram showing fracture line running through the infraorbital foramen.
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Transposed nerve
Nerve hook

Fig. 5. Nerve repositioned into orbital floor.

Fig. 6. Line diagram showing nerve transposed using nerve hook.

Sharadindu Mahadevappa Kotrashetti et al: Infraorbital nerve transpositioning into orbital floor: a modified technique to minimize nerve injury following zygomaticomaxillary
complex fractures. J Korean Assoc Oral Maxillofac Surg 2015

Sharadindu Mahadevappa Kotrashetti et al: Infraorbital nerve transpositioning into orbital floor: a modified technique to minimize nerve injury following zygomaticomaxillary
complex fractures. J Korean Assoc Oral Maxillofac Surg 2015

Sharp dissection was carried out subperiosteally to expose
fractured segments in the infraorbital and zygomatic buttress
region. The fracture line was seen running through the infraorbital foramen, and the neurovascular bundle was found entrapped between the fracture lines in the described cases.(Fig.
2-4)
With great care taken to minimize direct trauma to the infraorbital nerve, it was freed from the remnants of fractured
foramen.(Fig. 5) Sharp bony spicules of the fractured segment impinging on the nerve were removed, and the nerve
was dissected off the surrounding soft tissue along its long
axis with the help of a nerve hook.(Fig. 6)
Then the nerve was mobilized sufficiently to check for any
adhesions and was transpositioned to a higher level in the
orbit at the ﬂoor level. This was done to gain access to the
fracture lines for the placement of a fixation device near the
infraorbital margin.
Rigid fixation of the zygomatic complex was achieved
with titanium plates and screws.(Fig. 7) The surgical site was
closed with continuous suturing using 3-0 vicryl suture material (Johnson & Johnson, Aurangabad, India), and patients
were reversed and extubated uneventfully. Postoperatively,
patients’ eyes were examined using an orbital chart for signs
of visual and sensory impairment.
The patients recovered uneventfully and had no evidence
of sensory disturbance during their three-month follow-up.
Two-point discrimination testing was performed in the
extraoral area of the infraorbital nerve distribution both pre76

Fig. 7. Plating after transposition of nerve.
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operatively and postoperatively, and on both the affected and
contralateral sides as a control.
The test was done separately on the lip and paranasal area
using a caliper.

III. Results
There was no evidence of sensory disturbance during their
three month follow-up in any of the patient.

IV. Discussion
Chronic sensory disturbance in the form of hypo- or hyper-
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esthesia is a common postoperative symptom in patients with
surgically repaired mid-face fractures1,4. In isolated posterior
fractures, the infraorbital nerve may block the surgical field,
preventing visualization of the fracture site. Rough dissection
of this area may cause unexpected bleeding due to rupture of
the orbital branch of the infraorbital artery12. These complications may cause surgeons to avoid manipulation around the
nerve, which can lead to incomplete reduction of orbital ﬂoor
fractures11. This, in turn, leads to restriction of ocular movement due to remnant entrapped periorbital tissue, and also
postoperative enophthalmos due to undercorrection of the
intraorbital volume11.
Although various operative alternatives have been tested
to avoid these residual symptoms, satisfactory or definitive
results have not been achieved8. Some studies advocate a secondary corrective surgery in such patients4.
We report three cases of mid-face trauma in which reduction of the fracture segment was performed after nerve transposition. This approach defers the need for a second surgery
to correct post-traumatic sensory loss. Avoiding re-entry not
only saves the patient’s time and money, but also limits the
edema and inflammatory response that may worsen nerve
compression after a second surgery.
This approach also helps avoid additional transconjuctival
incisions for approaching orbital fractures.
Moreover the placement and fixation of a miniplate after
transposition is easy.
There was no difficulty in reducing the fracture after transposition of the nerve.
Hence, we recommend intraoperative transpositioning of
the infraorbital nerve to the orbital floor in every mid-face
fracture with fracture line running through the facial course
of the nerve.

V. Conclusion
Infraorbital nerve transposition is very effective in prevent-

ing paresthesia in patients which fracture line involving the
infraorbital nerve.
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Sublingual piroxicam for management of postoperative pain,
trismus and swelling after extraction of lower third molars: an
overview
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Abstract: Extraction of third molars occupies a major portion of the clinical practice in oral and maxillofacial
surgery. Post surgery sequelae are a part and parcel of this branch and this applies to minor oral surgical
procedure as well. It is an indispensable part of healing and also responsible for the temporary discomfort
caused to the patients. These postoperative sequelae include pain, trismus and swelling. Nonsteroidal antiinflammatory drugs have been largely used postoperatively to decrease the amount of discomfort. Piroxicam is
a non-selective, oxicam derivative available in oral as well as sublingual formulations. This article reviews its
use in the postoperative management of pain, trismus and swelling after third molar extraction.
Key words: impaction, piroxicam, sublingual and third molars

I.
Introduction:
The surgical removal of impacted third molars is one of the most common minor oral surgery
procedures widely carried out in general practice and also occupies an appreciable amount of clinical time in
many hospitals in oral and maxillofacial departments 1. It is often difficult for a patient to decide whether to
remove a third molar,because of its post surgery complications, which are unavoidable. Patients complain of
pain, swelling and limitation of mouth opening2.
The pain is due to release of histamine, inflammatory mediator, from the injured tissues. Histamine,
being a vasodilator, causes edema from the extravasation of fluids. This sensitizes the peripheral noci-receptors
resulting in hyperalgesia. These inflammatory mediators are released immediately after the surgery (trauma
caused to the tissues) but the symptoms are not experienced immediately. It is a gradual and slow process. The
pain is typically brief and will increase in its intensity in the early postoperative period. The facial swelling and
restriction of mouth opening will reach its maximum in 48 to 72 hours after surgery. These symptoms are major
disadvantages and affect the patient’s quality of life temporarily.3, 4.
Various factors contribute to determine the intensity of post-operative complications such as host
defense mechanism, type of healing, duration of the procedure, 5 extent of reflection of the mucoperiosteal flap,
types of flaps, bone removal, need for tooth sectioning, and experience of the surgeon. 6,7 To increase patients
satisfaction after third molar surgery it is necessary to minimize the subsequent postoperative sequelae.8,9
The treatment for these outcomes of surgery are many and most commonly includes administration of
nonsteroidal anti-inflammatory drugs (NSAIDS) 2,10-13.
Most NSAIDs function by inhibiting cyclooxygenase (COX) enzyme and thus along with other actions,
eventually result in inhibition of production of prostaglandin14. There are three isoforms of COX.15 COX-1 is
constitutive enzyme in most cells. COX-2 normally presents in insignificant amounts, is inducible by cytokines,
growth factors and other stimuli during the inflammatory response16. COX-3, a COX-1 derived protein, is found
in abundance in cerebral cortex and heart15. According to their actions, they have been classified as nonselective and COX-2 preferential or COX-2 selective.
Piroxicam is a non-selective, oxicam derivative, long-acting potent NSAID. It is a reversible inhibitor
of COX with good analgesic-antipyretic action. Piroxicam also inhibits synthesis of thromboxane in platelets,
thus inhibiting the secondary phase of platelet aggregation. It takes more than 30 minutes to produce appreciable
relief of pain when administered orally. A formulation that could increase the absorption of the active
ingredient, and therefore the onset of analgesia, would benefit in the postoperative pain management 17.
NSAIDs can be administered sublingually. Sublingual administration of the drug avoids the first
passage of drug in liver, unlike oral administration. Also orally administered NSAIDs pass through the
gastrointestinal tract causing disturbances whereas sublingual administration avoids that15.
There have been very few studies on the use of sublingual piroxicam in the management of
postoperative sequelae after extraction of lower third molars.

DOI: 10.9790/0853-141088082

www.iosrjournals.org

80 | Page

Sublingual piroxicam for management of postoperative pain, trismus and swelling after extraction…
II.

Mechanism Of Action:

Piroxicam is a well-established NSAID with anti-inflammatory, analgesic and antipyretic properties. It
is widely used in rheumatic diseases because of its potent anti-inflammatory properties and long half-life. Its
elimination half-life is 38 hours, and hepatic metabolism to inactive metabolites is the primary route of
elimination. Less than 10% of a dose appears unchanged in the urine. Published studies indicate that piroxicam
20mg daily is comparable with aspirin 3 to 6g, indomethacin 75 to 150mg, phenylbutazone 400mg, naproxen
500mg, ibuprofen 1200 to 2400mg and diclofenac 75mg in rheumatoid arthritis.18
Piroxicam, like many other NSAIDs, inhibits the secondary phase of platelet aggregation and synthesis
of prostaglandins, but unlike indomethacin and aspirin, it is a selective reversible inhibitor of the COX step of
arachidonic acid metabolism. Following administration of single doses, the pharmacokinetics of piroxicam is
linear. Maximum plasma concentrations are usually attained in about 2 hours, but may vary between 1 and 6
hours in different subjects. Piroxicam is eliminated largely by biotransformation, the metabolites having little or
no anti-inflammatory activity. The elimination half-life is extended due to a low systemic clearance rate and
often ranges from 30 to 60 hours in healthy subjects. Pharmacokinetics are not age related and renal function has
a limited influence on elimination of piroxicam, but plasma concentrations are increased in patients with severe
liver insufficiency.19
The oral mucosal lining offers a preferable route for the local and systemic administration of certain
drugs and for the treatment of some diseases. This route has several distinct advantages over the enteral and
parenteral routes of drug delivery due to its rich blood supply, rapid onset of action, enhanced bioavailability,
avoidance of the first pass and food effects, increased patient compliance, and ease of self-medication. Over the
years, a number of products taking advantage of oral mucosal drug delivery have been introduced in the
market.20
The oral cavity has four distinct regions that can absorb drugs—the sublingual, buccal, gingival, and
palatal regions. These regions differ from each other in histological structure and biochemical composition of
the mucosal membrane, and their ability to retain the dosage form long enough to allow complete drug
absorption. 20
The mucosal lining consists of three distinct layers. The outermost layer is the epithelial membrane,
which consists of stratified squamous epithelial cells and has a protective barrier function. The innermost layer
of the epithelial membrane is called the basement membrane that replenishes the epithelium. Below the
epithelium lies the lamina propria followed by the submucosa. The lamina propria is a hydrated and less dense
layer of connective tissue containing collagen and elastic fibers. The oral submucosa is also richly supplied with
blood vessels.
Following absorption through the mucous membrane in the sublingual region, the drug instantly
diffuses into venous blood. The venous blood from the sublingual region of the oral cavity drains into a common
trunk, which then drains via the internal jugular vein, the subclavian vein, and the brachiocephalic vein directly
into the superior vena cava. Thus, venous return from these regions enters the systemic circulation, bypassing
the pre-systemic drug elimination, unlike in oral administration. Direct drainage into systemic circulation results
in immediate systemic availability of the drug and rapid onset of action. It should be noted that smoking, which
causes vasoconstriction, may affect drug absorption.20

III.

Discussion:

The use of sublingual piroxicam in oral and maxillofacial surgery when searched on Pubmed gave 3
articles.
P.A.K. Trinade , F.P. M. Giglio et al17 have conducted a study with 53 patients receiving piroxicam
either orally or sublingually after undergoing an extraction of the symmetrically positioned lower third molars.
Surgical trauma on either side of the jaw was similar without significant difference. The patients were randomly
given piroxicam either orally or sublingually for postoperative pain relief. Subjective postoperative pain was
documented with the help of 100mm VAS. The amount and the time when rescue analgesic was noted. Mouth
opening was measured before the surgery, 2nd and 7th postoperative day, and expressed as a percentage of the
preoperative value. Facial swelling was measured similarly on the 2nd and 7th postoperative day. No significant
differences were found in the management of pain, trismus and swelling with respect to the routes of drug
delivery. Six patients had gastric discomfort when oral piroxicam was used and one patient complained of the
when on administration of sublingual piroxicam.
Mohammad S, Singh V, Wadhwani P et al21 conducted a study to assess the therapeutic effect of a
single dose of 40 mg sublingual piroxicam (study group) vs 150 mg oral diclofenac (50 mg thrice a day) (control
group) in patients undergoing surgical removal of impacted mandibular third molar. A total of 100 patients with
asymptomatic impacted mandibular third molars were randomized into two groups. One group received two 20mg tablets of piroxicam once daily on the first and second postoperative days, followed by one 20-mg tablet on
the third post-operative day. The other group received one tablet of diclofenac 50 mg orally thrice daily on the
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first, second, and third post-operative days. Repeated extra oral examinations were done for continuous
assessment of swelling, trismus, and reduction in pain. In the piroxicam group there was >50% reduction in pain
on all three days postoperatively. The incidence of swelling and trismus was found to be higher in the control
group as compared to the study group. Adverse events, such as gastrointestinal (GI) disturbances, were
significantly higher in the diclofenac group (11%) as compared to the piroxicam group (0%). They concluded
that two sublingual piroxicam 20 mg tablets once daily has better efficacy and tolerability profile than
diclofenac 50 mg one tablet thrice daily in the management of pain after surgical removal of impacted
mandibular third molar.
A study conducted by Alpaslan C, Alpaslan G and Uğar D22, comparing single doses of sublingually
administered piroxicam and aspirin for the postoperative pain management after extraction of the lower third
molars. The aim of this study was to assess and compare the efficacy of the two drug formulations and also a
placebo. A total of 100 patients were included in this study. Patients received piroxicam fast dissolving dosage
formulations (FDDF) (40 mg) either preoperatively or post-surgery, sublingually or aspirin (500 mg) or a
placebo. Six hours postoperatively, pain was recorded every hour. Significant difference (p<0.05) was found
with respect to piroxicam as compared to aspirin or placebo. Also amount of rescue analgesic were recorded and
were found to be considerably less for piroxicam FDDF. No adverse reactions were reported with piroxicam
usage. They concluded that piroxicam FDDF, administered either preoperatively or postoperatively, can be
effectively used after a third molar surgery.
Thus sublingual piroxicam is effective for management of postoperative pain in oral and maxillofacial
surgery but to conclude further studies with larger sample sizes are needed.
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ABSTRACT:
Background: Periodontitis has a multifactorial etiology, with primary etiologic agents being pathogenic bacteria that reside in

the subgingival area. Recent advances in the field of alternative medicine introduced various herbal products for the treatment
of periodontitis. Aim: To assess and compare the antimicrobial activity of Morus alba sol–gel with chlorhexidine sol–gel
against ATCC standard strains of Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, and Tannerella
forsythia. Materials and Methods: Crude extract of Morus alba leaves was prepared by Soxhlet method by using ethanol as a
solvent. Phytochemical screening of the crude extract of M. alba was performed to check the various chemical constituents. M. alba
sol–gel and chlorhexidine sol–gel were formulated using Pluronic f127 and Pluronic f108 and compared for their antimicrobial
activity. The minimum inhibitory concentration of both the gels was performed using agar well diffusion technique. Results: The
minimum inhibitory concentration of M. alba sol–gel and chlorhexidine sol–gel against A. actinomycetemcomitans is 19 and
17 mm, T. forsythia is 12 and 21 mm, and P. gingivalis is 16 and 18 mm, respectively. Conclusion: Both M. alba and chlorhexidine
sol–gel exhibited potent antimicrobial activity against periodontal pathogens.

Key words:

Antibacterial activity, Morus alba, periodontal microorganisms, thermoreversible sol–gel

INTRODUCTION
Chronic periodontitis is an infectious disease resulting
in inflammation within the supporting tissues of the
teeth, progressive attachment loss, and bone loss
and is characterized by periodontal pocket formation
and/or recession of the gingiva.[1] Periodontitis has a
multifactorial etiology, with the primary etiologic agents
being pathogenic bacteria residing in the subgingival
area. More than 700 different bacterial species colonize
the oral cavity, but only a few of these are thought to
be potential periodontal pathogens.[2] Aggregatibacter
actinomycetemcomitans, Porphyromonas gingivalis, and
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Tannerella forsythia are known as the main pathogens
of periodontal disease, and treatment of periodontal
disease is associated with success in removing and
reducing these microorganisms. [3‑5] Treatment of
periodontal pocket is based on mechanical debridement
of the tooth surface followed by proper maintenance of
oral hygiene. Limitations of mechanical debridement
are inability to access the periodontal pockets which
leads to early microbial re‑colonization and recurrence
of the periodontal pocket.[6,7] Thus, local drug delivery
systems (gels, microchip, fiber, etc.,) emerged into the
market.
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Local delivery devices are system designed to deliver
agents into the periodontal pocket to retain therapeutic
levels for a prolonged period of time. One such local drug
delivery system which has controlled release property,
less time consumption, and noninvasive is a gel. Gels
are formulated using poloxamers (polyoxyethylene and
polyoxypropylene units). These high‑molecular‑weight
poloxamers have the ability to form a thermoreversible
gel.[8] The advantage of thermoreversible sol–gel/hydrogel
system is that they are shear thinning systems which
show the temperature‑dependent gelation. The addition
of poloxamers results in the formation of gel system.
Poloxamers exhibit temperature‑dependent sol to gel phase
transition. The aqueous solutions of these polymers are
liquid at room temperature but gel at body temperature.
Once injected, it is retained in the periodontal pocket for a
long time, thus reducing the frequency of administration.[8]
For centuries, plants have been used throughout the
world as drugs and remedies for various diseases,
including infectious diseases.[9,10] These drugs serve as
prototypes to develop the more effective and less toxic
medicines.[11,12] According to WHO, medicinal plants
would be the best source for obtaining a large variety of
drugs.[13,14] Many plants have been used as remedies for
diseases and offer biologically active compounds that
possess antimicrobial properties.[15,16]
Of the many herbal derivatives, Morus alba is one such
plant which has garnered great attention because of its
antioxidative, antidiabetic, antibacterial, antiviral, and
anti‑inflammatory properties.[17‑19] M. alba also known
as white mulberry is cultivated throughout the world,
wherever silkworms are raised. The leaves of the white
mulberry are the main food source for the silkworms.
It is a popular medicinal plant that belongs to family
Moraceae, and has long been used commonly in Ayurvedic
and many of traditional systems of medicine. To the best
of our knowledge, M. alba has been investigated for its
use in dentistry only against pathogens causing dental
caries. Hence, through this in vitro study, an attempt is
made to explore the use of crude extract of M. alba in a
sol–gel formulation against periodontal pathogens. Thus,
the aim of the present study is to formulate and compare
the thermosensitive sol–gel of M. alba with chlorhexidine
against the periodontal microorganisms.

MATERIALS AND METHODS
Prior to the start of the study, ethical approval was
obtained from recognized KLE University (Ref. no. KLEU/
Ethic/14‑15/D‑79). This study is a part of the ongoing
clinical trial.

Chemicals

The chemicals used in the gel preparation are Pluronic
f127, Pluronic f108, chlorhexidine gluconate solution,
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and methyl paraben. The entire chemicals were of IP
grade.

Plant collection and crude extraction

Leaves of M. alba were collected from Belgaum,
Karnataka, India. The plant was authenticated from
the taxonomist, Regional Medical Research Centre,
ICMR (Voucher specimen is RMRC‑988). The leaves
were washed thoroughly in water and shade‑dried. The
dried leaves were coarsely ground. The coarse powder
was extracted with solvent 99.9% of ethanol at room
temperature using Soxhlet method of extraction.[20] The
extract was stored at 4°C until further use.

Phytochemical screening

Freshly prepared crude extract of M. alba leaves using
ethanol as a solvent was qualitatively tested for the
presence of chemical constituents. Phytochemical
screening of the crude extract was performed using the
following chemicals and reagents.

Alkaloids
Wagner’s reagent
A fraction of the extract was treated with 3–5 drops of
Wagner’s reagent (1.27 g of iodine and 2 g of potassium
iodide in 100 ml of water) and observed for the formation
of reddish‑brown precipitate (or coloration).

Phenols
Ferric chloride test
A fraction of the extract was treated with aqueous 5%
ferric chloride and observed for the formation of deep
blue or black color.

Tannins
Braymer’s test
2 ml of the extract was treated with 10% alcoholic ferric
chloride solution and observed for the formation of blue
or greenish color solution.

Flavonoids
Alkaline reagent test
To the test solution (0.5–1 ml), few drops of sodium
hydroxide solution (10%) were added. Formation of an
intense yellow color, which turns colorless on the addition
of few drops of dilute sulfuric acid, indicates the presence
of flavonoids.

Proteins and amino acids
Ninhydrin test
About 0.5–1 ml of the sample was taken in a test tube and
it was boiled with 0.2% solution of ninhydrin. Appearance
of violet color confirms the presence of proteins in the
sample.
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Few drops of Molisch’s reagent were added to 2 ml of the
various extracts. This was followed by a slow addition
of 0.2 ml of concentrated sulfuric acid along the sides
of the test tube. The mixture was then allowed to stand
for 2–3 min. Appearance of a red or a dull violet color at
the interphase of the two layers indicated a positive test.

18 g of Pluronic F 127 (18%, w/v) was slowly dissolved
in 100 ml of distilled water (maintaining ice bath
at 4°C) with continuous stirring using a magnetic
stirrer. It is followed by the addition of 6 g of Pluronic
F 108 (6%, w/v) to the above solution and stirred at
a low speed (300–400 rpm) in order to avoid frothing.
The above solution was stored in a container, sealed
with aluminum foil, and refrigerated overnight at 4°C
until clear solution was obtained. The above steps
are common for both the gels. For M. alba gel, 16 g of
M. alba extract (16%, w/v), and for chlorhexidine gel
1 ml of chlorhexidine gluconate (1%, w/v) were added
slowly to the above solutions with continuous stirring
using a magnetic stirrer followed by the addition of a
preservative, 100 mg of (0.1% w/v) of methyl paraben.
The final volume of the gel was 100 ml. The chlorhexidine
and M. alba sol–gel were stored in a refrigerator at 4°C
until further investigations are carried out.[23,24]

Saponins

Antimicrobial activity

Sterols and triterpenoids
Liebermann–Burchard test
About 5 ml of test solution was boiled with few drops
of acetic anhydride, cooled, and then concentrated
sulfuric acid was added along the sides of the test tube.
Appearance of red color in the lower layer indicates the
presence of sterols, whereas yellow color in the lower
layer indicates the presence of triterpenoids.

Carbohydrates
Molisch’s test

Froth test

The standard strains of A. actinomycetemcomitans
(ATCC 29523), P. gingivalis (ATCC 33277), and
T. forsythia (ATCC 43037) were procured from Promochem,
Bengaluru.

The antimicrobial assay was determined by the agar well
diffusion method. Antibacterial activity of the gels was
determined on brucella agar medium. In a conical flask,
4.3 g of brucella agar base was suspended in 100 ml of
distilled water. The conical flask was heated to boil to
dissolve the medium completely. Later it was sterilized
by autoclaving at 15 lbs pressure (121°C) for 15 min. It
was cooled to 50°C (for T. forsythia, 100 µl of 0.001% of
n‑acetyl muramic acid was added) and then aseptically
added 5% (v/v) sterile defibrinated sheep blood. It was
mixed well before pouring into sterile Petri plates. The
medium was poured into sterile disposable Petri plates.
After the medium was solidified, plates were kept in
a refrigerator until further use. The Petri plates were
removed from the refrigerator and dried in an incubator
at 37°C. A. actinomycetemcomitans, P. gingivalis, and
T. forsythia were grown in thioglycollate broth mixed
with horse serum, incubated for 48 h under anaerobic
conditions. With the help of a micropipette, 50 µl of
bacteria as per 0.5 McFarland standards were taken,
spread on the agar plate, and lawn cultured with the
help of a sterile swab. Two wells were made in the
nutrient agar plate using a sterile cork borer measuring
4 mm depth and 6 mm diameter. In one well, 70 µl of
chlorhexidine gel and in another well 70 µl of M. alba
gel were filled with the help of micropipette. The plates
were then incubated for 48 h in an anaerobic jar within
20–30 min of agar well diffusion. After incubation, the
plates were observed for the zone of inhibition around
the well and the diameters of the inhibition zones were
measured in mm using a Hi antibiotic zone scale.[25] The
assay was carried out in triplicates and the result thus
obtained is taken as the mean of the three readings.

Sol–gel preparation

RESULTS

1 g of the extract was dissolved in 10 ml of distilled water in
a test tube and vigorously shaken for 1–2 min. Formation of
honeycomb froth 1cm in height and lasting for a minimum
of 30 minutes indicates the presence of saponins.

Cardiac glycosides
Keller‑Kelliani’s test
5 ml of each extract was treated with 2 ml of glacial acetic
acid in a test tube and a drop of ferric chloride solution
and 1 ml of concentrated sulfuric acid were added along
the sides of the test tube. A brown ring at the interface
indicated the presence of deoxysugar characteristic of
cardiac glycosides. A violet ring may appear below the
ring, while in the acetic acid layer, a greenish ring may
form.

Fixed oil and fats
Filter paper test
A small quantity of extract was pressed between the filter
paper. Appearance of oil stain on the paper indicated the
presence of fixed oils.
The chemical constituents were identified by the
characteristic color changes and precipitation reactions
using standard protocol.[21,22]

Test organisms

The chemicals used for gel preparation were of IP
grade. Both the gels were prepared using the same
chemicals except for the active ingredients. Initially,
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Table 1 shows the qualitative phytochemical investigation
of M. alba that showed the presence of alkaloids,
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carbohydrates, glycosides, saponins, sterols, triterpenes,
fats and oils, phenols, tannins, flavonoids, proteins, and
amino acids in ethanolic extract.
Table 2 shows the antimicrobial activity of sol–gels
determined by agar well diffusion method. The
sol–gel prepared by using M. alba and chlorhexidine
exhibited potent antimicrobial activity toward all
the periodontal pathogens. M. alba gel showed wider zone
of inhibition (19 mm) against A. actinomycetemcomitans
when compared to chlorhexidine gel (17 mm). Whereas
chlorhexidine gel had a wider zone of inhibition (21 mm)
compared to M. alba gel (12 mm) against T. forsythia.

DISCUSSION
In the present in vitro study, thermosensitive/
thermoreversible gels were formulated and antimicrobial
activities of gels have been assessed for periodontal
pathogens using agar well diffusion method.
Gels are the polymeric network which increases the
contact time of the drug at the administration sites,
thereby increasing the absorption of the drug due to its
mucoadhesive property. However, due to its semisolid
nature, there is difficulty in application. To ease the
application procedure, the sol–gel has been formulated
in such a way that it is liquid during application, but
turns out into a gel when it comes into contact with

Table 1: Phytochemical analysis of crude extract of
M. alba using ethanol solvent
Chemical constituents obtained by ethanol solvent

M. alba – Morus alba

Table 2: Antimicrobial activity of M. alba and
chlorhexidine gel against periodontal microorganisms
(zone of inhibition) by Agar well diffusion method*
A. actinomycetemcomitans
P. gingivalis
T. forsythia

M. alba gel (mm) Chlorhexidine gel (mm)
19
16
12

17
18
21

*Test done in triplicates. A. actinomycetemcomitans – Aggregatibacter
actinomycetemcomitans, P. gingivalis – Porphyromonas gingivalis,
T. forsythia – Tannerella forsythia
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In the present study, the antibacterial activity of
M. alba gel was found to be 19 mm, 16 mm, and 12 mm
against standard strains of A. actinomycetemcomitans,
P. gingivalis, and T. forsythia, respectively. Chlorhexidine
gel was used as a positive control which is accepted
as gold standard in dentistry. It has a broad spectrum
of antimicrobial activity against a wide variety of
bacteria (both Gram‑positive and Gram‑negative) and
fungi. Its mechanism of action being decreasing the
pellicle formation, alteration of bacterial adhesion to
the tooth surface, and alteration of bacterial cell wall,
ultimately leading to cell death.[27] The most widely used
concentration of chlorhexidine gel formulations available
in the market is 1%. Hence, in the present study, the
same concentration was used in the formulation of the
gel.
Antimicrobial activity revealed that a zone of inhibition
of both the gels against A. actinomycetemcomitans and
P. gingivalis was almost similar. Whereas the diameter
of the inhibition zone was greater for chlorhexidine gel
than M. alba gel against T. forsythia. Even though the
M. alba gel demonstrates less antimicrobial activity
against T. forsythia compared to chlorhexidine gel, it has
an added advantage over adverse effects.[28]
Antimicrobial activity of mucoadhesive gel prepared from
the extract of Quercus brantii and Coriandrum sativum
showed 17.23 ± 0.2 mm zone of inhibition against
P. gingivalis, while M. alba sol–gel showed 16 mm.[29]
Literature reveals few studies of in vitro antibacterial
activity of gel, as most of the studies of the gels have been
in vivo. The antimicrobial activity of M. alba sol–gel could
not be compared with other sol–gel as most of the gels
have not been assessed for their antimicrobial activity
against periodontal pathogens.

Alkaloids
Carbohydrates
Proteins and amino acids
Glycosides
Saponins
Tannins
Flavonoids
Fixed oils and fat
Sterols
Triterpenes
Phenols

Microorganisms

the oral mucosa.[8] The ideal gel formulation for the
treatment of periodontitis should exhibit a high value of
mucoadhesion and retention within the pocket for the
desired period of time, show controlled release of the
drug, and be easily delivered into the periodontal pocket
preferably using a syringe.[26]

In the present study, leaves of the M. alba plant have
been assessed for its antibacterial activity and thus
found to be effective against periodontal microorganisms.
In another study, root bark of M. alba was found to
possess antibacterial activity against periodontal
pathogens like Actinobacillus actinomycetemcomitans
and P. gingivalis with minimum inhibitory concentration
of 1000 µg/ml and 8 µg/ml, respectively.[30] Kuwanon C,
Mulberrofuran G, and Albanol B present in the M. alba
leaves showed strong antibacterial activity with minimum
inhibitory concentrations ranging from 5 to 30 mg/ml.[31]
Therefore, all the parts of the M. alba plant were found
to possess antibacterial activity.
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Phytochemical analysis of M. alba extract revealed the
presence of all major bioactive compounds like tannins,
flavonoids, saponins, and alkaloids. These bioactive
compounds are known to act by a different mechanism
and exert antimicrobial action. Tannins, belonging to
polyphenol family, have been reported to possess the
antibacterial activity against periodontal pathogens.[32]
Tannins precipitate microbial proteins and prevent the
development of microorganisms.[32] Polyphenols increase
the antioxidant ability of oral fluids and prevent
periodontal disease. [33] Therefore, tannins present
in M. alba extract might be responsible for exerting
antimicrobial activity against periodontal pathogens.
This promising gel might lead to a new avenue in the
prevention and treatment of periodontitis.
Although the antibacterial activity of sol–gel was assessed
against periodontal pathogens, the concentration of each
phytoconstituent and the chemical constituent that
might be responsible for the activity was not determined.
Further, in vivo studies should be conducted to know the
effectiveness of M. alba sol–gel.

CONCLUSION
The present study throws light on the formulation
of thermoreversible gel using M. alba and assessing
its antimicrobial activity against the most common
periodontal pathogens A. actinomycetemcomitans,
P. gingivalis, and T. forsythia. The study also concludes
that M. alba leaves contain pharmaceutically important
phytochemicals like tannins, flavonoids, triterpenes,
alkaloids, saponins, phytosterols, carbohydrates, fats,
and oils.
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Abstract
Residual ridge resorption is a rapid, progressive, irreversible, and inevitable process
of bone resorption. Long-standing teeth and implants have been shown to have maintained the bone around them without resorption. Thus, overdenture therapy has been
proven to be beneficial in situations where few remaining teeth are present. In addition
to the various advantages seen with tooth-supported telescopic overdentures, a few
shortcomings can also be expected, including unseating of the overdenture, increased
bulk of the prosthesis, secondary caries, etc. The precise transfer of the secondary
telescopic copings to maintain the spatial relationship, without any micromovement,
remains the most critical step in ensuring the success of the tooth-supported telescopic
prosthesis. Thus, a simple and innovative technique of splinting the secondary copings was devised to prevent distortion and micromovement and maintain its spatial
relationship.

Telescopic crowns or double crowns or crown and sleeve copings were used as retainers in the early 20th century. They
consist of an inner primary telescopic coping cemented to the
abutment and a harmonious secondary coping embedded into a
removable prosthesis. The secondary coping forms a telescopic
unit over the primary copings and aids in the anchorage of
the remaining dentition.1-3 Telescopic crowns are considered
to be a more effective option for missing teeth in comparison
to conventional fixed dental prosthesis as they are well tolerated by the patient psychologically. Various benefits have been
seen with the crown and sleeve retained prosthesis over the
years:4-7
1. Preservation of the residual alveolar ridges for a longer
duration due to counteracting action of the remaining
natural teeth, in comparison to conventional complete
dentures.
2. Direction of vertical forces along the long axes of the
teeth, favorable for the abutment teeth.
3. Maintenance of oral hygiene and periodontal health
around the abutment teeth, due to the easily accessible
and cleansable areas after removal of prosthesis from the
mouth.
4. The splinting effect of a telescopic overdenture has a
favorable stabilizing effect on the remaining dentition.

5. Can be removed and repaired in case of failure of the
abutment teeth, without reconstructing the entire prosthesis.
6. Greater psychological benefit to the patient on assurance
of retaining the natural teeth.
That said, one of the most common problems associated
with the tooth-supported telescopic prosthesis during clinical
and laboratory procedures is the unseating of the denture. This
mainly occurs during the transfer of the secondary copings to
the prosthesis using the direct or indirect technique. Thus, a
simple technique has been devised to maintain the spatial relationship of the secondary copings to each other and in relation to
the primary copings intraorally, in a tooth-supported telescopic
denture.

Technique
1. Prepare the selected abutments and make impressions
using heavy- and light-body elastomeric impression material (Aquasil; Dentsply, Konstanz, Germany) to receive
primary copings (Fig 1).
2. Cement the primary copings to the prepared teeth
(Fig 2) using a permanent cement (GC Fuji I; GC Corp.,
Tokyo, Japan) and make an impression using heavy- and
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Figure 1 Primary metal copings.

Figure 4 Pickup impression made of the secondary telescopic copings
seated over the primary metal copings intraorally.

Figure 2 Primary metal copings cemented over the abutments intraorally.

Figure 5 Final impression made using light-body elastomeric impression
material.

Figure 3 Impression of primary metal copings made to fabricate secondary telescopic copings.

light-body elastomeric impression material (Aquasil) for
fabrication of the secondary telescopic copings (Fig 3).
3. Fabricate the secondary copings using the conventional
technique and seat them over the primary copings intraorally to make a pickup impression using irreversible
hydrocolloid impression material (Algitex; DPI, Mumbai, India), so that a primary cast can be recovered for
making an special tray, for the final impression (Fig 4).
2

4. Pour the pickup impression using Type III dental stone
(Kalstone; Kalabhai Karson Pvt Ltd, Mumbai, India) and
recover the cast.
5. Secure the secondary copings on the cast, fabricate a
special tray, and make the final impression using lightbody elastomeric impression material (Aquasil), with
the secondary copings secured on the primary copings
intraorally (Fig 5).
6. Pour the secondary impression using Type III dental
stone (Kalstone) and recover the cast.
7. Section appropriate lengths of plastic toothpicks and
secure them between the secondary copings using
cyanoacrylate, maintaining a 1 mm distance from the
residual ridge and box the area surrounding the secondary
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Figure 8 Splinted secondary telescopic copings tried introrally over the
primary metal copings.

Figure 6 Appropriate lengths of plastic toothpicks secured between
secondary telescopic copings with modeling wax boxed around it.

Figure 9 Temporary record base fabricated over splinted secondary telescopic copings.

Figure 7 Self-cure acrylic resin poured into the boxed area.

8.

9.
10.

11.

12.

13.

copings using modeling wax (Modelling Wax No.2;
Hindustan Dental Products, Hyderabad, India) (Fig 6).
Make a thin mix of self-cure acrylic resin (Self Cure
Tooth Moulding Powder/Liquid; DPI) and pour it into
the boxed area and leave it to set (Fig 7).
Once set, recover the splinted secondary copings from
the secondary cast and check for fit intraorally (Fig 8).
On confirmation of passive fit intraorally, trim the inner
coping resin to facilitate the accommodation of artificial
teeth on the temporary record base.
Place the splinted copings onto the cast and adapt autopolymerizing acrylic resin (RR Cold Cure; DPI) to
fabricate a temporary record base (Fig 9).
Fabricate occlusal rims and record maxillomandibular
relation, arrange artificial teeth, and try in the trial denture
accordingly.
Invest the trial denture and dewax it using conventional
technique.

14. On removal of the flask, recover the secondary copings
from the record base and secure it to the cast using temporary luting cement (Zinc oxide eugenol Type I, DPI)
on the inner borders of the copings to prevent micromovement during the acrylization process.
15. Pack the appropriate permanent denture base material,
curing, finishing, and polishing the permanent denture
accordingly.

Discussion
The accuracy of the fit of the tooth-supported telescopic
prosthesis is greatly affected by the transfer of the spatial
relationship of the secondary copings intraorally to the master
cast. Unseating of the tooth-supported telescopic overdenture
is mainly attributed to the misfit of the secondary copings. It
occurs as a result of dimensional changes of the impression
material and denture base material and micromovement of
the secondary copings within the denture base material used
for fabrication of record bases. To prevent the aforementioned
problem, a reliable and accurate method will be achieved by
a rigid connection between secondary copings to preserve
the spatial relationship independent of denture base material
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used. Thus, a simple procedure involving the splinting of the
secondary coping using self-cure acrylic resin was developed.

4. Increased cost compared to conventional complete
dentures.
5. Laboratory procedures are complex and time consuming.

Advantages

1. Ease of fabrication and transfer intraorally.
2. Maintenance of spatial relationship of the secondary copings during the denture fabrication procedures.
3. Maintenance of passive fit of the secondary copings.
4. Reduced distortion and movement of the secondary copings during clinical and laboratory procedures of denture
fabrication.
5. Good psychological benefit to patients, as they experience similar fit as would be seen in the definitive
prosthesis.
Limitations

1. The technique used to fabricate the copings provided
clinically acceptable results; however, electroplating and
milling remain the gold standard for fabrication of copings with enhanced precision and accuracy.
2. Distortion can occur during the splinting procedure due
to the polymerization shrinkage of the self-cure acrylic
resin. Thus, alternative substitutes with less polymerization shrinkage can be considered.
3. Distortion may also result from dimensional changes of
the impression material, as well as movement of secondary copings within the impression during the pickup.
So splinting/stabilizing the secondary copings rigidly to
the primary copings, by some means, before the pickup
impression can be considered.

4

Conclusion
Splinting of the secondary copings with self-cure acrylic
resin can be used as a fitting alternative for maintenance of
the spatial relationship and prevention of micromovement in
tooth-supported telescopic overdenture fabrication; however,
alternative strategies using different materials and techniques
of splinting can be explored and discovered accordingly.
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Prosthetic Management Of An Ocular Defect
Using Digital Photography: A Case Report
Abstract
The eye is a vital organ not only in terms of vision, but also esthetics. When the loss of an eye is
restored at an early age, it improves the physical and psychological behavior of an individual as
well as acceptance from society. The prime goal or objective of the maxillofacial prosthodontist is
to fabricate an ocular prosthesis which mimics the natural eye. The custom fabricated ocular
prosthesis has many advantages when compared to the prefabricated ocular prosthesis such as
improved iris matching, contour and movements of the natural eye. This article describes the
fabrication of an ocular prosthesis using digital photography which is simple, requiring less
artistic skill and provides excellent esthetics.
Key Words
Ocular prosthesis, digital photography, ocular defect

Introduction
Orbital defects or loss of an eye could be
because of congenital reasons, trauma or
infection[1],[2]. It hampers the day to day
activities, and also compromises the
physical and emotional well being of a
patient[3],[4],[5]. Depending on the
severity, there are different surgical
modalities which cause orbital defects
such as evisceration or enucleation.
Evisceration involves the removal of
contents of the globe leaving in place the
sclera and sometimes the cornea.
Enucleation involves removal of the
entire globe after the extraocular muscles
and the optic nerve have been transected.
The surgeon should preserve as much
intact orbital content as possible[1],[5].
Various techniques are used in
fabricating ocular prostheses but the
main disadvantages of these techniques is
that it is difficult to adequately match the
iris to make it esthetically
pleasing[3],[4].
Case Report
A 22 year old female patient reported to
the department of Prosthodontics,
College of Dental Sciences, Davangere
with a loss of left eye. She gave a history
of trauma due to an accident. Surgery was
performed and a conformer was given
soon after the surgery.
On examination, the socket was healthy
and with adequate depth for proper
retention of the prosthesis. Mobility was
also observed with the movement of the
natural eye (Fig. 1 & 2).
Technique
The first step involved making an
impression of the anophthalmic socket

using light bodied elastomeric
impression material (Aquasil, Dentsply)
under the eyelids to completely fill the
socket. A 5ml disposable syringe was
incorporated into the impression for
retention and the patient was instructed to
perform eye movements before the
impression material set. The ocular
impression was retrieved from the socket
and evaluated (Fig. 3). The impression
was poured till the height of contour with
Type III dental stone (Kalstone-Karson
Pvt Ltd Mumbai,India) . Then holes were
created in the first layer of dental stone,
separating media was applied and a
second layer of dental stone was poured
to obtain a three piece dental cast .
The wax pattern was obtained by pouring
molten modeling wax into the mold
(Modelling wax, Hindustan Pvt Ltd). The
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wax pattern was retrieved, sharp ridges
and irregularities were removed. The wax
pattern was then placed in the socket and
the fit was evaluated by lifting the eyelids
and even extensions into the medial and
lateral fornices were evaluated (Fig. 4).
Wax pattern sculpting was performed
until it resembled the natural eye and the
pattern was processed using white heat
cure acrylic resin (DPI tooth moulding
powder) to obtain the scleral portion of a
similar shade as that of the natural eye.
The acrylic resin sclera was inserted in
the socket; eye support, tissue extensions
and eye movements were checked (Fig.

Fig. 1 : Preoperative View

Fig. 2 : Anophthalmic Socket
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Fig. 3 : Impression Using Light Body Polyvinyl Siloxane
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Fig. 4 : Trial Of Scleral Wax Pattern

Fig. 5 : Trial Of The Acrylic Scleral Blank

Fig. 6 : Iris Images Of Different Sizes And Shades Printed On
Photopaper

Fig. 7 : Custom Ocular Prosthesis In Place

5). The patient was made to sit upright in
a relaxed position and to look straight
ahead. Measurements were made
between the medial and lateral canthus to
pupil of the natural eye and marked on the
scleral acrylic resin.
A digital photograph of the patient’s iris
using a digital camera was made and the
photo print of the iris was compared with
the natural eye in relation to brightness,
colour and contrast.

The image was printed on a white photo
paper of different sizes that matched with
the natural eye (Fig. 6). An iris sized
circle was created on the acrylic sclera
the same as the natural eye. The anterior
scleral surface was reduced by 1mm, the
photographic iris was cut and transferred
to the scleral surface at a distance the
same as the natural eye. Characterization
of the prosthesis was done using
professional quality colour pencils. Red
nylon threads were added for
characterization and permanent markers
were also added to replicate the natural
eye. The prosthesis was covered with
clear self cure acrylic resin and finishing
and polishing was done to retain the
characterization.
The patient was instructed to wear the
prosthesis day and night and to clean it
with mild soap and warm water and to
visit at regular intervals for follow up and
adjustment if necessary (Fig. 7).
Discussion
The loss of facial structures compromises
individual esthetic outcomes and in some
cases also leads to social
exclusion[4],[6]. During removal of an
eye, the surgeon should preserve as much
of the remaining structures as possible.
Prosthetic rehabilitation with implants
and eye prosthesis are the treatment of
choice as they also simulate eye
movements. If implants are considered,
the size of implants plays a vital role larger implants lead to an exophthalmic
appearance and extrusion and too small
implants cause shrinkage of the contents
of eye. But due to economical factors, all
patients cannot afford
implants[1],[2],[6]. A custom made
ocular prosthesis is hence a good
option[2],[7]. The main disadvantage of
using a prefabricated iris is that it is
difficult to replicate or match the iris of
the natural eye[3]. Most clinicians
believe that selection of pigments and the
iris painting procedure requires an artistic
skill and knowledge of colour and if
unsuccessful, can impair esthetics
[8],[9],[10]. The use of the digital
photography technique provides an
esthetically pleasing result
[5],[8],[9],[10]. It is simple and less
artistic skills are required in this
technique [5]. A special digital camera for
photography and computer software are
the only requirements for matching the
size and colour of the iris. According to
literature many techniques and materials
have been used to fabricate an ocular
prosthesis using a prefabricated and
custom made ocular prosthesis, however
digital photography is simple, less time
consuming and provides an optimum

esthetic result[5],[8],[9].
Conclusion
Fabricating a custom ocular prosthesis is
the best option for a patient with an ocular
defect and there are several options of
reproduction of the iris. The technique
described here, using digital
photography, is simple, easy and less
time consuming. The artistic skills
required are also minimal. Advanced
research is required on the durability of
the paper and colours used in
modification of the iris for
characterization. The ultimate goal is to
restore the natural appearance of the
healthy eye as well as to restore the
patient’s emotional and psychological
well-being.
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Abstract
As oral physicians, we come across many oral mucosal lesions that usually require a supplementary biopsy with histopathologic examination to
establish a definite diagnosis. The selection of the site for biopsy is the most important criteria to arrive at a correct diagnosis. As biopsy site is a
subjective choice, it is possible that the biopsy specimens are taken from unrepresentative areas of the lesion. At present, though there are simple
chair side methods to aid the diagnosis of such changes, there is a high risk of false positives. Hence, there is a need of a simple and reliable
method for selecting the most appropriate area for biopsy. One such method is colposcopy that may be beneficial as compared to routine clinical
examination. Hence, this article stresses on the colposcopic method that can be used to select biopsy sites which should be evaluated in further
clinical studies.
Key Words: Biopsy, colposcopy, direct oral microscopy, epithelial lesions, oral malignancy, potentially malignant

Introduction
Surprisingly change is the only thing that is constant, so
to keep pace with the shifting trends and the world ahead,
oral physicians need to endeavor the advances taking place
in dentistry. One such advancement is colposcopy that offers
advantages in selecting more representative sites for biopsy
than routine clinical examination alone which is also simple
and painless chair side diagnostic method.
The incidence of potentially malignant epithelial
lesions (PMELs) is steadily increasing globally.[1] Clinical
diagnosis of oral cancer is not difficult when the lesion is
obviously invasive or when the patient experiences pain,
functional limitation, or regional lymphadenopathy. [2]
Conventional visual examination using normal (incandescent)
light, has traditionally been the mainstay of oral malignancy
screenings for decades, anyhow its utility remains
controversial.[3] Conversely, the diagnosis of PMELs of the
oral mucosa cannot be based solely on clinical findings.
An early detection and prompt treatment enables an
improvement in the prognosis of malignancy. In spite
of advancement in the early detection, there is increased
mortality and morbidity related to oral malignancies. [1]
Therefore, biopsy with a histopathologic examination of the
lesion is necessary to establish a definitive diagnosis.
Though, biopsy with histopathologic examination is
still considered as gold standard in the diagnosis of
PMELs and oral malignancy, but the selection of the
site for biopsy is still critical. The selection of biopsy
site is a subjective choice, and it is possible that the
biopsy specimens are taken from unrepresentative areas
of the lesion or before the morphologic changes could
be detected in PMELs. At present, though there are
simple chair side methods including staining with toluidine
blue, light based detection systems, and exfoliative
cytology or brush biopsy to aid the diagnosis of such
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changes, there are related disadvantages with these
methods.[4]
Toluidine blue may be used to identify a suitable site for
biopsy, but studies have shown that the risk of false‑positive
staining may be as high as 30%.[4] Questions have also been
raised regarding the risks of developing malignancies associated
with the use of toluidine blue because it shows an affinity for
DNA.[5] A study conducted in India (2008) concluded that
the use of ViziLite or VELscope along with a conventional
screening examination for lesions deemed clinically innocuous
was not beneficial in identifying dysplasia or malignancy.[6]
The use of oral exfoliative cytology in clinical practice
had been declined due to the subjective nature of its
interpretation and only a small number of abnormal cells
identifiable in a smear.[7]
Therefore, a technique for non‑invasively detected choosing
the appropriate site for biopsy can save patients from
multiple biopsies and allow a broader range of diagnoses
which can aid in early detection of oral potentially
malignant lesions. [8] With the aim of improving the
efficiency of these diagnoses, techniques are being developed
to complement clinical examination and to facilitate the
identification of PMELs.
One such technique is colposcopy, also known as direct
oral microscopy that offers advantages in selecting more
representative sites for biopsy than routine clinical
examination and other available chair side diagnostic
methods.[9]
About colposcope

Colposcopic examination is an established technique for
diagnosis in gynecology which is used to observe the
mucosa of cervix for premalignant and malignant changes.
Various authors have tried to adapt gynecologic methods of
examination to the oral cavity as there is similarity between
both the mucosae.[10] The word “colposcope” is derived from
the Greek words kolpo meaning fold or hollow and skope meaning
examine.[11] In 1925, Hinselmann reported the construction of
the first colposcope. Colposcopic evaluation of the cervix and
vagina is based on the finding that premalignant and malignant
epithelium have specific macroscopic characteristics related to
the vascular pattern, intercapillary distance, surface contour,
color tone, and clarity of demarcation.[9]
Indian Journal of Cancer | July-September 2015 | Volume 52 | Issue 3
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Colposcope functions as a lighted binocular microscope and
connected to a video monitor that magnifies the area of
interest 6‑40 times its normal size, using an external white
light for illumination. Low power (2× to 6×) may be used
to obtain a general impression of the surface architecture.
Medium (8× to 15×) and high (15× to 25×) powers are
utilized to evaluate the vagina and cervix. The higher powers
are often necessary to identify certain vascular patterns that
may indicate the presence of more advanced precancerous
and cancerous lesions. Various light filters are available to
highlight different aspects of the surface of the cervix.[12]
Acetic acid solution and iodine solution (Lugol’s or Schiller’s)
are applied to the surface to improve visualization of abnormal
areas. Acetic acid dissolves mucous and accentuates atypical
areas by inducing intracellular dehydration and coagulation of
protein,[13,14] that is believed to be due to a reversible osmolar
change resulting in cytoplasmic dehydration and cytoplasmic
membrane collapse.[15] The degree to which the epithelium
takes up the acetic acid stain is correlated with the color tone
or intensity, the surface shine, and the duration of the effect,
and, in turn, with the degree of neoplastic change in the
lesion. Higher grade lesions and invasive malignancies are more
likely to turn dense white rapidly.[16]
Macroscopic characteristics seen under colposcope
Vascular changes

The colposcopic image is the result of the reciprocal
relationship between the epithelium and the stroma. The
intensity of color represents the ratio of reflected and
absorbed light and is related to:[15,17,18]
• The number of layers of epithelium
• The optical density of the epithelium
• The vascularity and the nature of the underlying stroma
• Tissue chromophores
• The amount of hemoglobin.
A study conducted in United Kingdom (1997) on the
association between tumor progression and vascularity
in the oral mucosa highlighted that tumorogenesis is
associated with the formation of new blood vessels. This
tumorogenesis activity may be inferred in the histologic
sections by measuring the density of vasculature. It
was concluded that there is a close association between
vascularity and tumor progression in the oral mucosa.[19]
The vascular changes described in colposcopic literature seen
in the normal uterine cervix mucosa are:[9]
• Network capillaries [Figure 1a], and
• Hair pin capillaries [Figure 1b].
In areas of dysplasia and carcinoma in situ of the uterine
cervix, specific vascular pattern seen are:[20]
• Punctation‑ It is characterized by dilated, often twisted,
irregular, hairpin‑type vessels. It is also called ground
appearance and is common [Figure 1c]
• Mosaic‑ Another pattern of the vessels in dysplasia is
called mosaic. Like punctation vessels, true mosaic vessels
are usually seen in sharply demarcated areas [Figure 1d]
• Atypical vessels‑ When it is difficult to describe the
pattern of the vessels, the term atypical vessels is
used [Figure 1e].
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Capillary punctation, mosaic, or atypical patterns are
encountered in malignant lesions. Therefore, if one of
them is present, this is an indication for biopsy and
histopathologic examination.[9]
Intercapillary distance

Intercapillary distance more than 50‑200 µm indicates
malignancy.[21]
Surface contour

A smooth, regular surface contour is normal in mature,
squamous epithelium and squamous metaplasia. When cervical
intraepithelial neoplasia (CIN) occurs, as it progresses in
severity, the surface may become rougher and more irregular.
In areas of invasive carcinoma, the surface contour may be
grossly uneven, having a cauliflower‑like appearance.[21]
Clarity of demarcation

Areas with significant CIN demonstrate a sharp border
with the surrounding pale pink normal tissue. A sharply
contrasting border around a geographic area of white
epithelium signifies an area of epithelial abnormality. Areas
of squamous metaplasia or human papilloma virus (HPV)
demonstrate a diffuse, poorly defined border with normal
tissue.[21]
Therefore, colposcopic features suggestive of invasive
carcinoma could be:[20]
• Irregular surface contour, erosion, or ulcer
• Dense acetowhite change
• Wide irregular and coarse punctation and mosaic
• Atypical vessels.
Applications of colposcopy in gynecology

• As an integral part of every gynecologic examination in
concert with cytology
• To display and localize lesions suspected cytologically
• To clarify the nature of clinically suspicious lesions
• As a part of a sexual assault in forensic examination
• To diagnose lesions caused due to HPV infections[22]
• To diagnose lesions that occurs due to
immunosuppression such as HIV infection, or an organ
transplant.[23,24]
Suggested applications of colposcopy in oral cavity with
review of literature

Colposcopy allows non‑invasive examination of the oral
tissues in situ at high magnification and at the same time
has good resolution. Surface topography and the degree of
keratinization of the epithelium may be readily observed and
documented. Three‑dimensional observation of such surface
structures as the papillae of the tongue is possible because
of the depth of field combined with good resolution. Direct
observation of living structures could offer an alternative
to replica models. As the instrument allows simultaneous
viewing of surface cells of submucosal vessels, it is hoped
that techniques will be developed for documentation without
the need for vital staining. Erythrocytes have a diameter of
7 µm and the resolution of the colposcopic instrument is
2 µm, allowing ready and detailed observation of flow in
the larger blood vessels. It is considered that this feature
could be of advantageous in the monitoring of grafting
procedures in the oral cavity. Examination of the occlusal
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Figure 1a: Network capillaries

Figure 1b: Heparin capillaries

Figure 1c: Punctate vessels

Figure 1d: Mosaic vessels

in the vascular picture which can be easily appreciated
well by direct oral microscopy.[10] Many patients with oral
malignancy have a marked inflammatory infiltrate. This
inflammation interferes with the evaluation of dysplastic
changes. In comparison, a biopsy specimen selected by
colposcopy rarely shows a severe inflammatory infiltrate,[25]
hence is of more advantage in diagnosing dysplasia.

Figure 1e: Atypical vessels

surfaces of the teeth by colposcopic method reveals such
details as wear facets and the margins of restorations.[10]
An important area of application may be in the diagnostic
evaluation and monitoring of treatment of oral malignancy.
The comparative effects of different treatment modalities,
such as radiation and chemotherapy on the junction between
the normal tissue and tumor could also be studied. Areas of
surface dysplasia could be mapped to indicate the full extent
of epithelial change before biopsy and surgery. Most patients
with premalignant and malignant conditions show changes
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Various authors have tried to adapt gynecologic methods of
examination to the oral cavity, but with limited success.[10]
A pilot study was conducted in Sweden (2000) on direct
intraoral microscopy and its value in diagnosing mucosal
lesions. Direct oral microscopy was performed in 35 patients
with various clinical diagnoses, such as leucoplakia, oral
lichenoid lesions, or suspected malignancy. First, the oral
mucosa was examined with direct microscopy, and the most
representative site, according to colposcopic criteria, was
selected. Then, the mucosa was clinically inspected by an
independent examiner. The best site for biopsy according
to clinical criteria was noted, and any difference in biopsy
sites was recorded. Biopsy specimens were taken from two
of these sites. Twenty‑nine patients showed changes in the
vascular picture on microscopy, according to the colposcopy
criteria. In fourteen patients the biopsy sites identified by
direct oral microscopy showed more advanced histologic
signs than those selected by routine clinical examination. It
was concluded that direct oral microscopy of mucosal lesions
Indian Journal of Cancer | July-September 2015 | Volume 52 | Issue 3
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seems to offer advantages in selecting more representative
sites for biopsy than routine clinical examination alone.[25]
A study conducted in India (2011) on fifty oral mucosal
lesions had concluded that colposcopy would aid in
early and better diagnosis and treatment planning of oral
premalignant and malignant lesions by assessing the various
vascular patterns in the mucosa.[26]
Microcolpohysteroscope

A recently developed optical instrument which
is a modification of colposcope is the contact
microcolpohysteroscope which allows one to observe the
cervix and endocervix at magnifications of 1:1‑1:150. More
important, it permits examination of the squamocolumnar
junction when it is obscured within the endocervix. A study
conducted in Sweden (1989) compared standard colposcopy
with a microcolpohysteroscopy technique in 65 patients with
abnormal papnicolaou smears, and concluded that using
contact microcolpohysteroscopy, the clinician can map out
geographically entire cervical intraepithelial neoplastic lesions;
locate correctly the epicenter of most lesions; and in cases of
inadequate colposcopy, visualize the squamocolumnar junction
within the cervix. The results of this study suggested that
microcolpohysteroscopy is a diagnostic tool that can precisely
qualify and localize a cervical lesion.[27]
A study conducted regarding the application of contact
microcolpohysteroscopy for examination and recording of
surface topography of hard and soft tissues of the oral cavity
concluded that this is a promising non‑invasive method of
observation of tissue surface at higher magnification. The
authors considered that microcolpohysteroscope techniques,
with minor modifications for oral conditions, offer a simple,
non‑invasive approach to detailed observation of the surface
topography of the oral tissues. Modifications of contact
microcolpohysteroscope for oral use are described, and
potential applications for diagnosis and research in dentistry
are proposed.[10]
Future scope of colposcope

It is considered that colposcopy may bridge a gap between
microscopic examination of the surface morphology of
the oral tissues and histological examination for teaching
purposes. The instrument could be combined with video
techniques with appropriate video recording equipment;
quality photographic records may be obtained from
individual frames. [10] It is not possible to determine the
progression from dysplasia to carcinoma on the basis of the
clinical findings. Similarly, such a progression of mucosal
changes cannot be detected because these areas may contain
foci of varying degrees of dysplasia, reversible or irreversible.
Regular follow‑up examinations are therefore essential for
precancerous lesions, such as non‑homogeneous leukoplakias.
Hopefully, direct oral microscopy will be used in future to
follow mucosal lesions and detect signs of progression as,
at present this seems to be the only way to non‑invasively
evaluate vascular changes in the oral mucosa.[28]

•
•
•
•
•

Demerits of colposcopy

The chief disadvantages are the complexity and cost.
Conclusion
As oral physicians we know “screening is the key to
early detection,” especially in cases of PMELs and oral
malignancies and colposcopy with its enhanced appearance
ability makes it possible to see what a naked eye cannot
see, allowing early screening and detection of oral mucosal
lesions as every tiny bit of tissue is precious and with these
recent measures like colposcopy we can attempt to preserve
them even better.
However, further research with clear objectives, well defined
population cohort, and sound methodology is strongly
required, and also studies on use of various staining
methods compared with colposcopic examination are
recommended for selecting representative sites for biopsy
so as to verify whether colposcopy compared to various
staining methods is “an illusion or a realistic possibility?”
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Letter to the Editor
Leiomyosarcoma of penis
Sir,
Sarcomas represent about 1% of all malignant tumors.[1]
Primary mesenchymal tumors of penis are rare. Most of
them are of vascular origin. In the present study, the authors
report two cases of primary leiomyosarcoma of penis.
A 26‑year‑old male patient presented with progressively
increasing painless swelling at the base of penis since 3 months.
On examination, it was a 3cm × 3cm firm swelling at the
penoscrotal junction, free from underlying pubic bone and no
groin lymphadenopathy. Magnetic resonance imaging revealed
a 4.7 cm × 3.7 cm × 5.4 cm lobulated soft‑tissue mass
involving left corpus cavernosum without lymphadenopathy.
Fine needle aspiration cytology suggested a spindle cell tumor.
Mass was excised through an inguinoscrotal incision taking
margin of left corpus cavernosum. No lymphadenectomy was
done due to N‑0 status. The histopathology report was high
grade leiomyosarcoma with immunohisochemistry positive
for (Desmin, smooth muscle antibody [SMA]), Calponin and
negative for myoglobin and Myo‑D1 [Figure 1]. Margins
of the resections were free, closest being 2 cm. No adjuvant
therapy was given. Patient is disease free at present after
2 years of follow‑up.
A 38‑year‑old male patient presented with multiple lesions
over penis since 8 months. On examination, he had
fungating mass over the glans of 3 cm × 4 cm size
involving urethral meatus with three separate mobile
nodules over proximal shaft of penis [Figure 2]. There
were no groin nodes. Punch biopsy revealed high grade
leiomyosarcoma with immunohistochemistry positive
for SMA and desmin and negative for S‑100, CD34,
Myogenin. Patient underwent total penectomy with perineal
urethrostomy. No lymphnode dissection was done in view of
N‑0 status. Patient is disease free at 9 months of follow‑up.
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Soft‑tissue sarcomas (STS) of the genitourinary (GU) tract
are relatively rare, accounting for of 2.1% of STS’s and
1‑2% of all malignant GU tumors.[2‑4] Leiomyosarcomas
occur more frequently as compared with liposarcomas and
rhabdomyosarcoma.[4]
Penile sarcomas represent less than 5% of penile
malignancies. They comprise of endothelial cell sarcomas
(Kaposi’s sarcoma, epithelioid hemangioendothelioma,
angiosarcoma) and less frequently rhabdomyosarcoma and
leiomyosarcoma. Leiomyosarcoma represents approximately
5‑6% of penile sarcomas.[5]
First case was described by Levi in 1930.[6] The age range at
diagnosis for penile leiomyosarcoma is from 6 years to the
late 80s with the highest incidence in fourth and fifth decade.
Pratt and Ross classified penile leiomyosarcomas as superficial
and deep depending upon invasion of the tunica albuginea.[7]
Histologically the two types are identical.
Superficial lesions arise from the dartos muscle layer, the
piloerector complex and the muscular walls of superficial
vessels situated outside the albuginea. They present as a
small tumor in the distal shaft or the penile prepuce, often
in middle‑aged men. These are slow growing tumors that are
likely to recur locally with fewer propensities for metastases.
Deep lesions arise from the proximal portions of the corpora
cavernosa or corpus spongiosum and occur at a relatively
later age. Clinically they are poorly circumscribed, firm,
non‑tender masses that infiltrate surrounding tissues and can
also cause urinary obstruction. Deep lesions show a greater
propensity to metastasize and have a poorer prognosis.[8]
Sarcomas usually spread by hematogenous route. Lymph node
metastases is rare and seen in disseminated disease.[8]
On gross section leiomyosarcomas are well‑circumscribed
with rubbery consistency. Microscopically, spindle shaped
Indian Journal of Cancer | July-September 2015 | Volume 52 | Issue 3
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Introduction

Tobacco has been variously hailed as a gift from the gods, a
miraculous cure-all for life’s physical illness, a solace to the
lonely soldier or sailor, a filthy habit, a corrupting addiction
and the greatest disease producing product known to man.1
Tobacco smoking is one of the most common deleterious
habits worldwide. It is considered as a psychologically
motivated and socially conditioned habit rather than addiction.2 The death toll from tobacco consumption is now 5
million people a year; if present consumption patterns
continue, the number of deaths will nearly double, reaching
close to 10 million by the year 2020. This higher burden is
rapidly shifting to developing countries. In the developing
world, tobacco consumption is rising by 3–4% per year.
Tobacco leaf is the main source which is used in various
forms like smoking, chewing, snuffing etc. A burning cigarette
is a chemical cocktail containing more than 4000 harmful
chemicals such as carbon monoxide, polycyclic hydrocarbons,
beta naphthylamine, nitrosamine, nicotine etc. which have
adverse effects on the human body. Smoking has been directly
linked to diseases of cardiovascular, pulmonary and gastrointestinal system.3 Tobacco use has been identified as a
potential risk factor for gingival, periodontal disease, acute
necrotizing ulcerative gingivitis, candidiasis, caries, halitosis,
pre-cancerous lesion, oral cancer etc.
PMNs constitute the first line of defence against all forms
of injury and microbial challenge throughout the body. In the
resting uninfected host, production and elimination of PMNs
are balanced resulting in fairly constant concentration of
these cells in blood. When infection occurs, chemotactic
agents are generated, that result in migration of PMNs to the
site of infection and activation of their defensive function.
Salivary PMNs contribute to a major part in the local
immunologic mechanism in the oral cavity involved in
defence against periodontal and oral diseases.4 PMNs in
saliva are derived from gingival crevicular fluid or secreted in
whole saliva. On an average 1 million PMNs per minute enter
the oral cavity. These cells protect the gingiva against
microbial invasion via processes like chemotaxis, phagocytosis, bacterial killing etc.5 Any impairment in these functions
would predispose an individual to various oral diseases. An
increased prevalence of gingival, periodontal disease and
other oral diseases have been noted in chronic smokers. This
would probably suggest the role of tobacco and its water
soluble compounds in the pathogenesis of various oral
diseases. An alteration in defensive property of PMNs by
agents like nicotine affects the phagocytic function and
promotes bacterial colonization in the oral cavity. The
negative effect of smoking on PMNs was first described by
Eichel and Sharick who reported reduced function and
mobility of these cells in smokers. But these proposals are
still inconclusive.6
In view of these facts, the present study was undertaken to
assess and compare the phagocytic function and cell viability
of salivary PMNs in smokers and non-smokers.
The objectives of this study were assessment of phagocytic
function of PMNs in smokers and in non-smokers, assessment
of cell viability of PMNs in smokers and in non-smokers and

comparison of the phagocytic function and cell viability of
PMNs between smokers with that of non smokers.

2.

Materials and methods

Patients reporting to the outpatient Department of Oral
Medicine, Diagnosis and Radiology at KLE’s VK Institute of
Dental Sciences, Belgaum, India were included in this study.
The study was independently reviewed and approved by the
ethical board of the university.

2.1.

Subjects

70 males between the age group of 19–35 years were included
and divide into 2 groups –
Group I: 35 smokers and Group II: 35 non-smokers.
Group I comprised of subjects with a history of smoking at
least 1 pack of cigarette/day since at least one year. Subjects
with any systemic diseases like diabetes, hypertension,
asthma, epilepsy, Down’s syndrome, oral diseases like
leukoplakia, oral submucous fibrosis etc., subjects on any
systemic or topical medications like steroids, sulfonamides,
quinidine etc. and subjects with habit of chewing tobacco or
betel nut were excluded. Group II comprised of subjects with
no history of smoking.
The study was conducted with an understanding and
written consent of each subject. Saliva samples were collected
from each subject in both the groups.

2.2.
Method of salivary sample collection and separation
of PMNs
Unstimulated whole saliva was collected. Subjects rinsed their
mouth with water 5 min before the collection of the sample
and then with 5 ml of Hank’s balanced salt solution (HBSS) for
30 s. This was collected into a sterile container. The procedure
was repeated once again for each subject. The samples were
processed immediately. The consecutive rinses were combined and collected saliva sample was centrifuged for 10 min
at 200 rpm. The sediment was washed once by resuspension
in HBSS and recentrifugated. The resulting sample consisted
of PMNs, epithelial cells and bacteria.

2.3.

Phagocytic function

PMNs phagocytic function was assessed using latex spheres of
0.81 mm. The source of latex spheres were from Sigma–Aldrich
Chemicals Private Limited, Bangalore. The sample consisting
of PMNs, epithelial cells and oral bacteria were suspended
using a vortex mixer in 1 ml mixture of a pooled human serum
with 1 mg/ml dextrose and latex spheres of 0.81 mm diameter.
The mixture of PMNs and latex spheres were incubated in 3 ml
open test tubes at 37 8C and high humidity for 45 min. Samples
were taken from the mixture before and after incubation to
make small preparations stained with Giemsa. The final
preparations were studied under optical microscope at 1000
magnification. Latex spheres within the boundaries of 100
PMNs in each preparation were counted. The number of
spheres taken up per cell was calculated as the difference in
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Figure 1 – A preparation of salivary PMNs of non-smokers
and latex spheres stained with Giemsa, under oil
immersion at 1000 magnification shows latex spheres
within the cell indicating their ingestion by the PMNs.

Figure 3 – A preparation of salivary PMNs of smokers and
latex spheres stained with Giemsa under oil immersion at
1000 magnification shows latex spheres outside the cell
indicating them not being ingested by the PMNs.

the mean number of spheres per cell in the smear preparation
before and after incubation, was noted as mean phagocytic
index (Figs. 1 and 3)

2.5.

2.4.

Cell Viability

PMNs cell viability was assessed by trypan blue staining.
Samples from the suspensions before incubation were stained
with 0.1% trypan blue to provide a wet cover slip preparation.
The final preparation was studied under optical microscope at
400 magnification. One hundred cells were counted in each
preparation and the percentage of cells excluding trypan blue
was counted as a measure of cell viability expressed in
percentage. (Figs. 2 and 4).

Figure 2 – Preparation of salivary PMNs of non-smokers
treated with Trypan blue stain under oil immersion at 400
magnification shows that the cells have not taken up the
blue stain.

Statistical analyses

Frequencies were calculated. Unpaired t-test was done to
analyse the age distribution. The phagocytic function and the
cell viability of salivary PMNs were assessed by MANN
WHITNEY ‘U’ TEST of the two groups. The collected data
was tabulated and analysed using MEDCAL version 8.2.03
software. Descriptive statistics were calculated.

3.

Results

The present study comprised of a total of 70 male subjects
ranging from 19 to 35 years, 35 smokers in the group I and 35
age matched non-smokers in the group II.

Figure 4 – Preparation of salivary PMNs of smokers with
Trypan blue stain under oil immersion at 400
magnifications shows that the cells have taken up the blue
stain.
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Table 1 – Comparison of phagocytic activity of salivary PMN’s in group I and group II using MANN WHITNEY U TEST.

Group II
Group I

Mean  S.D

Median

Mean rank

Mann Whitney U

8.14  1.98
3.11  1.43

8
3

18.60
52.40

21.000

Z value
7.007

p value
.000

Table 2 – Comparison of cell viability of salivary PMN’s in group I and group II using MANN WHITNEY U TEST.

Group II
Group I

Mean  S.D

Median

Mean rank

Mann Whitney U

58.43  8.5
43.23  12.9

58
40

22.61
48.39

161.500

Graph 1 – Mean values of Phagocytic function and cell
viability of salivary PMNs in group 1 and Group 2.

The mean age of subjects in group I was 28.74  4.43 years
and group II was 27.34  2.84 years.
The phagocytic activity in group I ranged from 1 to 7 with a
mean value of 3.11  1.43, while in group II it ranged 5–12 with
a mean value of 8.14  1.99. The median for group I was 3 and
for group II was 8. MANN WHITNEY ‘U’ value obtained was 21.
This difference was statistically highly significant ( p
value < 0.0001). (Table 1, Graph 1).
The cell viability ranged from 26 to 80% in group I and 45–
72% in the group II. The mean value for cell viability for group I
and group II was 42.23  12.91% and 58.43  8.46% respectively. The median for group I was 40 and group II was 58. MANN
WHITNEY ‘U value obtained was 161.500. This exhibited
statistically highly significant difference ( p value < 0.0001).
(Table 2, Graph 1).

4.

Discussion

Global consumption of tobacco has been rising steadily since
manufactured cigarettes were introduced at the beginning of
the 20th century. According to WHO about one-third of the
world’s male population use smoked tobacco.7 Tobacco
addiction is directly related to incidence and prevalence of
variety of problems including cancer, pulmonary, cardiovascular and gastrointestinal disorders. It is also a potential risk
factor for various oral diseases.8 There is enormous evidence
that smoking alters various aspects of innate immune
response.9 PMNs, a major part of WBC, constitute a fundamental component of immunity and plays a vital role not only

Z value
5.302

p value
.000

in inflammation via phagocytosis but also in adaptive immune
response. Gingival crevice is the main source of these cells in
the oral cavity.10 PMNs in the gingival crevice provides the first
cellular host mechanism to control the bacteria. Their action is
by processes like chemotaxis, phagocytosis etc.11 Smoking is
thought to impair these functions of PMNs both in peripheral
blood and saliva which predisposes to various diseases. There
are very few studies which actually relate the effect of tobacco
smoke on salivary PMNs in the pathogenesis of oral diseases.
The function of PMNs present in saliva remains unexplained
in these patients. Hence our study was aimed to evaluate and
compare the phagocytic function and cell viability of salivary
PMNs in smokers and non-smokers.
70 male subjects categorized as 35 smokers and 35 nonsmokers between age group of 19–35 years were taken for the
study. Subjects who smoked at least 10 cigarettes per day since
at least one year were considered as smokers.12 The mean age
of group I was 28.74 years and group II was 27.34 years. Similar
findings were reported by Fumarulo et al. who quoted that
smoking habit was most prevalent in the younger ages.13 A gap
of 5 min was given after rinsing and before collection of the
sample. This was because the PMNs would be washed off
while rinsing and it takes time before these cells again enter
the oral cavity through gingival crevice. The salivary samples
were obtained by rinsing the mouth with 5 ml of HBSS for 30 s
and this was expectorated into a sterile container. Scully while
determining the phagocytic and killing activity of blood,
crevicular and salivary neutrophils for oral streptococcus used
HBSS to collect the unstimulated saliva.14 Numabe et al. in his
study about determining the function of salivary PMNs after
smoking used 15 ml of HBSS free of calcium and magnesium
which was swished in the mouth for 30 s.15 HBSS used for
rinsing acts as a medium to collect PMNs and it also dilutes the
saliva. Ludwick et al. stated that saliva exhibits a concentration dependent effect on PMNs function. A marked impairment was noted by whole saliva, where as lower
salivary concentration primed PMNs for a functional enhancement.16 The method to assess the phagocytic activity
employed in our study, in which the number of latex spheres
seen within the boundary of PMNs before and after incubation
in a smear preparation is subtracted from the number seen
after incubation, gives precise information on the rate of
phagocytosis. The count reflects latex spheres adhering to cell
surface rather than those within the cell. Adherence is thought
to be an important and necessary event preceding engulfment
and even if the latex spheres are only adhering, it would still
have biological significance.12 The phagocytic activity of
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salivary PMNs in terms of mean phagocytic index in the group
I ranged from 1 to 7 and in group II, it ranged from 5 to 12. The
phagocytic activity in group I was reduced, with a statistically
significant ‘p’ value of <0.0001.A similar study conducted to
analyse the effect of cigarette smoking on salivary neutrophils
by Kenny et al. showed statistically significant reduced values
in the phagocytic activity of salivary PMNs in smokers
compared to non-smokers.12 Guntsch et al. studied the effect
of smoking on crevicular PMN function. The findings in his
study were consistent with our study stating that cigarette
smoking adversely affects the PMNs function mainly the
phagocytic activity. Impairment of phagocytic activity of
salivary PMNs by smoking tobacco reduces the defence
mechanism of gingiva against oral bacteria. This would result
in accumulation of plaque and bacteria in the oral cavity.6 Dye
exclusion tests used to assess the cell viability of salivary
PMNs are based on the observation that damage to the cell
membrane would result in the permeability for such substances as trypan blue which is not present in undamaged
cells. Such tests are common methods for study of cell
viability. However this does not mean that other parameters
of cell function may not be impaired as a result of presence of
a noxious factor long before the damage to the cell
membrane is noted. Hence trypan blue exclusion could be
regarded as a rather crude method of measuring cell
viability.12 The cell viability of salivary PMNs in group I
ranged from 26% to 80% and in group II from 45% to 72%.
There was only one subject in the group I where the extreme
value of 80%. The cell viability in group I was reduced with a
statistically significant ‘p’ value of <0.0001. These findings
are similar to the report made by Kenny et al. who found a
significant difference in the cell viability of salivary PMNs in
smokers and non-smokers.12 A similar study done by
Guntsch et al. stated that there was statistically significant
difference in the cell viability of salivary PMNs in smokers as
compared to non-smokers.6 Diminished viability of PMNs
emanating from the gingival crevice could result in degranulation of these cells and the release of more lysosomal
enzymes which would directly contribute to the severity of
inflammation.12 Thus the findings in our study show close
association between smoking and reduction in the phagocytic function and cell viability of salivary PMNs which
would predispose to the development of gingival, periodontal and other oral diseases.

5.

Conclusions

The current study revealed reduced phagocytic function of
salivary PMNs in smokers as compared to the non-smokers.
The cell viability of salivary PMNs was also decreased in
smokers in comparison to non-smokers. Thus providing an
impact that, impaired phagocytic function and viability could
be a predisposing factor for periodontitis, gingivitis and
various other oral diseases.
However the exact role of salivary PMNs in the pathogenesis of various oral diseases among smokers is not completely
understood. Hence further studies are required to postulate
the exact role of PMNs and all their functions in the
pathogenesis of smoking associated oral diseases.
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Need for paradigm shift in Indian dental education:
A case for change toward competency-based
education
Vasanti Lagali-Jirge
Department of Oral Medicine and Radiology, KLE Vishwanath Katti Institute of Dental Sciences, Belgaum, Karnataka, India

ABSTRACT
Dental education came into existence in the early 20th century in India and is at a critical juncture at present. Dental
education, as we know it today, evolved from the Gies Report in 1926, i.e., university-housed and scientifically based
shortly after Flexner made his landmark report on the existing and proposed medical education system. Present-day
education system is exam driven. This is compounded by compartmentalized approach to patient management as the
present curriculum is not designed for either horizontal or vertical integration. Although graduates perform exceedingly
well in the academic environment, it has been observed that they are not ready for practice. Many dental schools in the
west are gradually undergoing a paradigm shift and transitioning to a competency-based education curriculum. Schools
must become unburdened from departmental courses and move toward interdisciplinary integration. This paper highlights
the need for shift in paradigm of dental education in the Indian context.
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Introduction

ental education came into existence in the early
20th century in India and is at a critical juncture
at present. Dental education, as we know
it today, evolved from the Gies Report in 1926, i.e.,
university-housed and scientifically based[1] shortly
after Flexner made his landmark report on the existing
and proposed medical education system.[2] Ultimately,
the goal of Gies evaluation of dental education was
to elevate dentistry to the rank of a medical specialty,
to become an independent partner in the health care
system. Despite the required course work and high test
Access this article online
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scores, new graduates generally do not understand
human biology because basic science is not made
practically relevant to them. The significance of learning
basic sciences is not understood by the learners. What
is learned in the classroom is not always reinforced in
the dental clinic for oral tissues or medical problems.
Exposure to medical problems is clearly not serving
the purpose as students are not able to integrate
this experience in handling medically compromised
patients in dental clinics.
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The present-day education system is exam driven.
Content of instruction is driven by assessment. This
is compounded by compartmentalized approach to
patient management as the present curriculum is not
designed for either horizontal or vertical integration.
Although graduates perform exceedingly well in the
academic environment, it has been observed that they
are not ready for practice. They are not able to apply
theory in practice. Many graduates have to work as
an “apprentice” during or after internship with dental
practitioners to understand and acquire patient and
practice management skills. [3] The quality of health
care services is dependent on the quality of health care
education. In addition to this, assessment practices are
flawed. To correctly determine a student’s learning,
the assessment should be appropriate for the learning
outcome and method of instruction.
Interest in competencies and measuring specific
learning is accelerating throughout the world.[4] Many
dental schools in the west are gradually undergoing
a paradigm shift and transitioning to a competencybased education (CBE) curriculum.[5,6] Schools must be
released from departmental courses, a fixed 4-year time
course, technical requirements, and classical lecture
formats; i.e., schools must move from a teacher-centered
curriculum to a student-centered one. To accomplish this
change, dental school faculty members need to become
educational professionals, learning how to educate
adults for a professional career.[7]

What is CBE?
The Oxford dictionary defines competence as the ability
to do something successfully or efficiently.[8] Competence
(or competency) is the ability of an individual to perform
a job properly. CBE emerged in the United States in the
1960s after the Russians launched Sputnik in 1957. The
Americans prided in being technologically advanced
and wanted to be the first to go into space. However,
the launch of Sputnik put a huge dent in their pride.
This led to major overhaul in the education system as
the Americans felt that the very foundation upon which
American technological superiority rested was on its
education system. The first official step in this process
occurred in 1958 when the United States Congress passed
the National Defense Education Act.[9] This was followed
by transformation of the education system from the
lowest rung and upward.
In health professions education, “competency” means
the behavior expected of beginning independent
practitioners. This behavior incorporates understanding,
skills, and values in an integrated response to the
full range of circumstances encountered in general
professional practice.[10] CBE focuses on outcomes of

learning. CBE addresses what the learners are expected
to do rather than on what they are expected to learn
about.

Rationale for Change
Bruce J. Baum suggested that dental schools should aim
to produce a graduate who:
1. Is a lifelong learner, capable of being able to grow
and adapt as change occurs in our science base and
health care systems;
2. Has a sense of community responsibility;
3. Is technically competent at dental surgical
procedures;
4. Is competent at managing oral medical
(stomatological) disorders; and
5. Is competent treating ambulatory, medically
compromised individuals.
Such a graduate will be able to function in a health care
system in which oral health truly is integrated with total
health.[7]
In novices, information is compartmentalized; therefore,
they apply knowledge to solve problems by trial and
error to integrate bits of pre-existing knowledge. Hence,
knowledge presented to students should be structured
and sequenced, so that they are ready to perform on
the job.[8] Thus, an education system is required that
stimulates critical thinking, self-directed learning,
integration among disciplines, and competency-based
curriculum. Dentists are expected to contribute to
the achievement of the general health of patients by
implementing and promoting appropriate oral health
management. A dentist must have acquired this
ability through the achievement of a set of generic and
subject-specific competencies — abilities which are
essential to begin independent, unsupervised dental
practice. Entry-level and exit-level competencies have
to be defined for undergraduate and graduate dental
education, which the student must demonstrate before
graduating.[11]
To achieve this, the competency statement must include
clinical skills and lay emphasis on acquiring managerial
skills as well. All these competencies should be achieved
by the time he or she obtains the first professional degree.
Reforms in dental education in India are an ongoing
debate. Hence, the time is suitable to bring the winds of
change. Kadagad et al. in their paper have explained how
Indian dental education can also be restructured on the
lines of the Profile and Competencies for the graduating
Dentist (PCD) in the European Union.[12] In the process
of restructuring, we can implement competency-based
dental education in India and move toward global
convergence of dental education.[13,14]
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Components of CBE[11]
In order to introduce CBE, Hendricson and Smith have
described three questions:
1. What knowledge, skills, and values must the student
possess at the time of graduation, so that he/she is
ready for the next level (PG/practice)?
2. What learning experience will enable the student to
acquire these competencies?
3. What proof or evidence is needed to establish that
the student has attained these competencies?
Knowledge, skills, and values the student must
possess at the time of graduation, so that he/she is
ready for the next level (PG/practice)
The first question requires us to identify the expected
outcomes.
What learning experience will enable the student to
acquire these competencies?
Three models of competency-based curricula have been
described in literature: Top down planning, readiness
model, and horizontal curriculum structure. The top
down planning is a need-based approach in which
the needs of the community drive the curriculum
and learning. The readiness model moves away from
the traditional calendar-based system; in this system,
no fixed time is allotted to attain competencies. The
students remain in training until he/she demonstrates
the skills required for patient care without assistance.
The horizontal curriculum incorporates integration
across disciplines.[11]
The present curriculum revolves around calendarbased and quota-based deadlines. The system of
requirement chasing fosters an environment in which
learners give priority to their needs and then to patient
needs. So, there is a possibility that students coax
patients into undergoing procedures because they need
to show it in their records, and the patient probably
does not require it. This is in opposition to the basic
tenets of professionalism and ethics. Therefore, if we
are to evolve as professionals, we need a curriculum
that enables learners to go beyond chasing requirement
(or quota).
We have a discipline-based approach — meaning each
discipline has a well-structured syllabus, but if we
look at the daily timetable, there is no link between the
classes. For example, the regular timetable in the first
year consists of lectures in anatomy, biochemistry, and
physiology on any given day. The syllabus for each
subject is well organized, but between the disciplines,
there is very little connection. Horizontal and/or vertical
integration of disciplines would make the learning
experience more fruitful.
232

Proof or evidence required to establish attainment of
these competencies — assessment
A major challenge in implementing competencybased curriculum is assessment. Assessment has been
defined by standards for educational and psychological
testing as “Any systematic method of obtaining
information from tests or other sources, used to draw
inferences about characteristics of people, objects, or
programs.”[15] Instruction (learning) drives assessment
and vice-versa. Instruction and assessment are
inseparable and dependent on each other. Both should
fit like lock and key. Only the right key (assessment
method) will unlock the learning outcome. The main
method of assessment of students has been by written
tests (constructed response tests and selected response
tests) and by observation for the laboratory/clinical/
preclinical assessments. Both are seen as highly
subjective unless a structured rubric is employed to
score performance in any type of assessment. For
clinical skills, the observed assessments focus on the
end product.
The routine of “requirement chasing” or “quota
chasing” to complete a specified number of repetitions
of clinical procedures has been criticized. This
is a cause of great anxiety to students and their
performance and behavior are driven by availability
of patients.[15] To assess learning outcome, we need to
stop assessing competency based on quota and assess
the quality of work done. The purpose of observed
assessment is to rate performance of activities that
cannot be assessed by written assessments. Observed
assessment can be made formative and summative.
Formative assessment occurs during regular clinical
work on a daily basis and can be used for feedback
and in the final internal assessment. Summative
assessment is the final exam where there is no scope
for feedback.
To do justice to CBE, assessments have to be structured.
Miller’s pyramid of learning [Figure 1] has been used
to design assessment methods in health professions

Figure 1: Miller’s pyramid of learning with corresponding assessment
methods
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education.[16] The different levels of learning require
different methods of assessment. To minimize bias
and make student assessment fair and impartial,
assessments have to be structured and objective.
Rubrics are supposed to support student self-reflection
and self-assessment, as well as communication
between an assessor and those being assessed. In this
new sense, a rubric is a set of criteria and standards
typically linked to learning objectives. It is used to
assess or communicate about performance or process
tasks. O’Donnell et al. have outlined the procedure for
development of rubrics in dental education.[17] The oral
diagnosis department at University of Pittsburg, USA
has developed a rubric to grade students in the 3 rd
and 4th year for daily clinical evaluation. Students are
aware of the content of this rubric. Faculty members
complete the assessment on a daily basis. At the
end of 4 th year, the total grades are summed up to
give the final score for each student. Students are
considered competent in oral diagnosis if they score
in the honors level. This rubric covers recording
case histories, examination, diagnosis, prescribing
radiographs, treatment planning, follow-up, making
and interpreting radiographs, documentation, and
professionalism. Kramer et al. have described various
assessment methods for dental students. This Dental
Student Assessment Toolbox was created to assist
dental educators with the critical, yet challenging
task of determining the optimal methods for assessing
students’ progression toward and ultimate attainment
of the competencies designated as necessary for the
entry-level practice of general dentistry.[18,19]

such documents provide only a framework based on
which individual institutions develop their own set
of competency documents as in the US and Canada,
while the European Union document is more elaborate
and has defined six broad clinical competencies with
supporting competencies. The Dental Council of
India (DCI) has described a syllabus for BDS course
with objectives and competencies under knowledge,
skills, and attitudes which are broad and open to
interpretation. We require specific competency
statements, learning outcomes, and an overhaul in the
curriculum — instruction, assessment, and content of
instruction.[20]

CBE in Oral Medicine and Radiology

Be competent at: A dentist should on graduation
demonstrate a sound theoretical knowledge and
understanding of the subject, together with an adequate
clinical experience to be able to resolve clinical problems
encountered independently or without assistance.

Competency statements describe the knowledge,
skills, attitudes, and values that a dental graduate
must have, i.e., the requisite competence to enter
into the safe, independent practice of dentistry. [1]
Competence statements are a dynamic document that
should be periodically revised based on feedback from
the outcomes of student assessment and program
evaluation. Competency documents are organized in
different formats, and usually have an introductory
rationale and explanation. Some are a sequential
listing of statements without groupings. The most
common approach, however, is to identify first
broad groupings, general categories, or “domains.”
Within these domains are “major” competencies and
“supporting” competencies. Major competencies
are an integration of basic biomedical, clinical, and
behavioral sciences, and are therefore broad and
multidisciplinary in nature. Supporting competencies
are more specific in their description, particularly
in terms of foundation knowledge and skills. Some

The Association for Dental Education in Europe
(ADEE) has prepared a document with competency
statements for the graduating dentist. This document
was prepared to promote convergence of standards of
dental education in Europe. This report titled Profile
and Competencies for the Graduating European
Dentist (PCD) — update 2009 [2] has defined seven
domains which are:
1. Professionalism.
2. Interpersonal, communication, and social skills.
3. Knowledge base, information and information
literacy.
4. Clinical information gathering.
5. Diagnosis and treatment planning.
6. Therapy: Establishing and maintaining oral health.
7. Prevention and health promotion.
The competencies to be achieved under these are
categorized as:

Have knowledge of: A dentist should on graduation
demonstrate a sound theoretical knowledge and
understanding of the subject, but needs/has only a
limited clinical/practical experience.
Be familiar with: A dentist should on graduation
demonstrate a basic understanding of the subject, but
need not have clinical experience or be expected to carry
out procedures independently.
During the process of preparing a document, we also
require a glossary of terms to prevent confusion. For
example “examination,” “evaluation,” and “assessment”
have been used to determine the learning outcomes.
However, examination is more appropriate for patient
examination, evaluation for determining the outcome of
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a program, and assessment is more suitable to describe
the learning outcome.

3.
4.

It is important to note that these are the competencies
to be achieved in all the disciplines of undergraduate
dental education and are not confined to one particular
department. Professionalism has been given priority in
this list, as being a dentist is not only about giving good
treatment or getting good grades. It is about the human
touch. It is about the behavior expected of a professional.
To achieve competencies in each of the seven domains,
it is evident that the curriculum requires horizontal
and vertical integration of disciplines. Similarly, the
American Dental Education Association (ADEA) has
also framed competencies for the new general dentist
in which competencies have been classified under the
following domains.[21]
1. Critical thinking.
2. Professionalism.
3. Communication and interpersonal skills.
4. Health promotion.
5. Practice management and informatics.
6. Patient care.
a. Assessment, diagnosis, and treatment planning.
b. Establishment and maintenance of oral health.

Under each of these domains are the major
competencies, supporting competency and foundation
ability. Domains are the broad categories of activities.
Major competencies under each domain relate to the
domain’s activity or concern. Major competency is the
ability to perform or provide a particular but complex
task. Supporting competencies are more specific
abilities and are subdivisions of a major competency.
To achieve a major competency, all supporting
competencies have to be mastered. Foundation ability
is the result of didactic and laboratory instructions
which impart information and experiences that are
pre-requisite for satisfactory attainment of supporting
competencies and cover knowledge, attitude, and
skills. By preparing detailed outlined of competency
statements, the learning objectives and outcomes are
made clear and unambiguous. Similar approach can
to be used in preparing the competency statement for
Oral Medicine.

Dental schools in these regions follow the respective
guidelines. A search of electronic literature for
competency statements in Oral Medicine did not turn
up with useful results for undergraduate training in
Oral Medicine. Competencies for specialty training in
Oral Medicine have been defined by the General Dental
Council in the UK, [22] Australia, [23] and many more
countries. Based on the recommendations made in the
5th World Workshop in Oral Medicine, Oral Medicine
curriculum was made one of the areas for discussion
in the subsequent meeting. [24] During the 6 th World
Workshop in Oral Medicine in the year 2014, a survey
on international consensus for the validation of clinical
competencies for specialist training was presented. This
survey had been conducted in more than 30 countries.
The details of this survey will shortly be published in the
OOO journal.[25] However, the International Association
of Dental and Maxillofacial Radiology (IADMFR) has
defined competencies for dental undergraduates in
dental radiology.[26]
Each statement has been outlined as follows:
1. Domain.
1.1. Major competency
1.1.1. Supporting competency
1.1.1.1. Foundation ability
The major domains identified by IADMFR are:
1. Clinical domain,
2. Communication domain,
234

Professionalism domain, and
Management domain.

Implications of Implementing CBE[7]
The process of introducing any change will have
its implications on the stakeholders, particularly
those involved in the education process, including
the institution, faculty, students, and committees of
instruction, curriculum, and assessment. All these
people will need to be involved in the planning and
implementation. For teachers, faculty development is
required to prepare them to understand and deliver
the learning objectives. The assessment committee
will have to ensure that assessment methods are
introduced that will suitably measure the learning
outcome. Performance assessment (e.g., OSCE) and
portfolios are recommended. [18,19] The competency
statements must be made known to the students for
them to understand the essence of CBE curriculum
without any ambiguity and the assessment criteria.
Course handbooks and study guides should highlight
the curriculum outcomes relevant to that part of the
course. This will help the students understand the
expected outcomes and they will be able to gauge
their learning. Changes are often met with resistance
and when poorly planned without a holistic approach,
they can become a failure and hinder future attempts
at change. What is most necessary is that the DCI usher
in reforms and ensure that all dental schools adopt
the reforms and maintain uniformity in curriculum.
Using Kotter’s eight-step process as a conceptual
framework to lead change is an effective method of
seeing the change through and can be adapted to
introduce change.[12]
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The PCD designed for European dental schools may
not be usable as it is in the Indian context. Therefore,
we have to address certain key issues that are faced in
our country. Our CBE model should address the need
for preventive care and motivate people to practice
healthy habits and quit deleterious habits such as use
of tobacco, and generate awareness of oral health and
availability of treatment and ethical practices. Our
graduates should also adopt the practice of universal
precautions for infection control, as prevalence of
iatrogenic infections is higher in the subcontinent.
Another important issue is the curriculum content;
most of the diseases that have been extensively
studied in the west may not be routinely encountered
in our country. Therefore, curricular content should
address community needs. Although majority of
the institutions have vision and mission statements,
the outcomes are not congruent to stated objectives.
Somewhere in the process of educating students, the
vision and mission statements are left in a vanishing
trail.

Conclusion
Development of competency statement for any
curriculum requires focused and concerted efforts.
Vague competence statements lead to ambiguity
and misguided assessment approaches. Such efforts
require: Involvement of all stakeholders; time;
thorough preparation; in-depth knowledge of
curriculum design, methods of instruction, and
assessment; and visionary leadership. CBE system
may not be the panacea for Indian dental education,
but it definitely does address the need for change and
uniformity across the country.
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ABSTRACT
Background and Objective: Periodontitis is a major public health problem in India with a prevalence of 60–80%. If
untreated it acts as a risk factor for systemic diseases. Data on anaerobic periodontal microflora in the Indian population
is very scarce. Hence, this study was undertaken to know the nature of oral microbiota in chronic periodontitis in
this region of India and also the semiquantitative study in pre‑ and post‑treatment group and to determine antibiotic
susceptibility pattern for aerobic isolates.
Materials and Methods: The present study was conducted on 60 cases. Material was collected from the subgingival
pockets in patients with chronic periodontitis attending the Periodontology, Outpatient Department. Clinical samples
were transported to the laboratory in fluid thioglycollate medium. Initially Gram’s stain and Fontana stains were done.
Aerobic, anaerobic, and microaerophilic culture were put up. Antibiotic sensitivity test was done for aerobic isolates.
Results: Sixty samples yielded 121 isolates of which 78.34% were polymicrobial, 11.66% were monomicrobial and oral
commensals were grown in 10% cases. Out of 121 isolates 91.74% were anaerobic, 7.43% were aerobic and 0.83%
were microaerophilic. Fusobacterium species was the most common isolate among anaerobes. Using “paired t‑test”
“P” value was significant indicating significant reduction in colony count after phase‑I periodontal therapy.
Conclusion: This study has shown that anaerobic bacteria are important cause of chronic periodontitis, along with
aerobes and microaerophilic organisms. Fusobacterium spp, Bacteroides fragilis, Porphyromonas spp and Prevotella
intermedia are the most common anaerobic pathogens. Bacterial culture methods are still economical and gold standard.
Key words: Aerobe, anaerobe, oral microbial flora, periodontitis, subgingival plaque

INTRODUCTION

S

ymbiosis is an intimate association between
the host and one or more colonizing bacteria.
Human beings are colonized with an enormous number
of bacteria; by‑and‑large skin, gut, urogenital tract and
oral cavity are the typical sites. However, oral cavity is
the one body site where co‑operativity between the
bacteria and host breaks down. If proper care is not
Access this article online

taken to remove the plaque bacteria, mouth is prone to
very common diseases like caries and periodontitis.[1]
Periodontitis is defined as an inflammatory disease of
the supporting tissues of the teeth caused by specific
microorganisms or group of specific microorganisms
resulting in progressive destruction of periodontal
ligament and alveolar bone with pocket formation,
recession or both.[2] The disease prevalence is 13–57%
worldwide and 65–80% in India accounting to a major
health problem.[3,4]
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Bacterial DNA sequencing study has suggested that
nearly 19,000 bacterial phylotypes exist in the oral
cavity. Nearly, 500 bacterial strains have been recovered
from subgingival plaque, but only a small number are
potential pathogens.[5]
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Immunological, DNA probe assessment, bacterial enzyme
detection and culture are the methods available for isolation
of oral bacteria, among which culture remains economical
and gold standard.[6]
There are good number of studies available from western
world regarding the microbiota of oral cavity both
in normal and in periodontitis condition, but data on
anaerobic periodontal microflora in the Indian population
is very scarce. Hence, the study was undertaken to isolate
and identify the predominant aerobic and anaerobic
microflora associated with adult generalized periodontitis,
semiquantitative study of isolated microflora of adult
generalized periodontitis in pretreatment and posttreatment
groups and to study the antibiotic sensitivity pattern of
aerobic isolates in pretreatment group.
MATERIALS AND METHODS

This study was conducted in the Department of
Microbiology at a Tertiary Care Teaching Hospital. Samples
were collected from subgingival pockets in patients with
chronic periodontitis attending the Periodontology
Outpatient Department at our Institute of Dental Sciences,
over a period of 1‑year from January to December
2010. The study comprised of 60 cases (Sample size was
calculated using formula 4pq/d2 where p is prevalence,
q is 100‑p and d is 10% of the error).
Clinically diagnosed all new cases of chronic periodontitis
were included in the study and patients with history of
systemic conditions such as diabetes mellitus, nutritional
deficiencies, pregnant woman, antibiotic usage in the last
3 months and patients with history of undergoing any dental
procedures in the last 3 months were excluded. Samples were
collected twice that is, in pretreatment and post‑treatment
periods after phase I therapy (scaling and root planning [SRP]
along with amoxicillin and metronidazole for 1‑week).
Sample collection
Tooth surfaces were dried with sterile gauze to avoid
contamination by saliva. Sub gingival plaque sample was
collected from most pathological site using sterile periodontal
Gracy curette and placed in fluid thioglycollate medium in
a test tube and brought to the microbiology laboratory and
processed immediately.
Laboratory methods
In the laboratory sample in fluid thioglycollate medium was
transferred to 1 ml of trypticase soya broth and vortexing
50

was done for 1 min. Direct smears were prepared from
the samples and Hucker’s modification of Gram stain for
anaerobes and modified Fontana staining methods were
followed.[7,8] With a standard loop, a loopful of sample
was taken from vortexed solution and inoculated onto 5%
sheep blood agar (SBA), Macconkey agar (MA), brain heart
infusion agar and blood agar supplemented with haemin
and Vitamin K, Kanamycin Vancomycin laked blood
agar (KVLB) and Bacteroid Bile Esculin Agar (BBE). Lawn
culture was done and the plates were incubated at 37°C for
24 h aerobically (MA, SBA), under 5% CO2 (BA and BHI)
and anaerobically (BBA supplemented with Vitamin K and
hemin, KVLB, BBE). All aerobic isolates were identified
and characterized biochemically by standard procedures
as described by Mackie and McCartney practical medical
microbiology.[9]
Anaerobic organism isolation
Semi‑quantitative estimation of organisms was done
by counting the number of colonies and taking into
consideration of significant number of colonies (>50
colonies) and then subculturing on BBA. From the
purity BA plate colony morphology, pigment, hemolysis,
fluorescence and pitting were recorded and Gram
stain (modified for anaerobic), spot indole test and catalase
tests were performed. Further identification was made
using sodium polynethenol sulfonate disc, nitrate disc,
kanamycin (1 mg), vancomycin (5 µg) and colistin (10 µg)
discs. The method used for obtaining anaerobiosis in the
jar was “internal gas generating system” described by
Vaidhyalingam and Laxminarayana.[10]
Antibiotic sensitivity testing
The antimicrobial susceptibility testing was done for
aerobic isolates by disc diffusion method as described by
Kirby and Bauer on Mueller‑Hinton agar.[9]
Statistical analysis
Statistical analysis was performed using “paired t‑test”
comparing two groups.
RESULTS

A total of 120 samples (60 pre‑treatment and 60
post‑treatment) were collected from 60 patients. Our cases
ranged between 22 and 70 years, maximum number of
cases (22) were in the age group of 38–47 years and least (1)
in the age group of 68–77 years. Of 60 cases, 33 (55%)
were female and 27 (45%) were male. Sixty samples yielded
Journal of Laboratory Physicians / Jan-Jun 2015 / Vol-7 / Issue-1

Benachinmardi, et al.: Microbial flora in chronic periodontitis

121 isolates of which 47 (78.34%) were polymicrobial,
7 (11.66%) were monomicrobial and oral commensals were
grown in 6 (10%) cases.
Out of 47 polymicrobial isolates 27 (57.45%) were
combination of 2 isolates and 20 (42.55%) were
combination of 3 isolates. Out of 121 isolates 111 (91.74%)
were anaerobic, 9 (7.43%) were aerobic and 01 (0.83%)
was microaerophilic.
Out of 111 anaerobic isolates 87 (78.4%) were Gram‑negative
bacilli (GNB) and 24 (21.6%) were Gram‑positive
cocci (GPC). Among GNB Fusobacterium species was the
most common isolate [Figure 1]. Out of 24 GPC, Micromonas
micros were the most common isolate 17 (70.83%), followed
by Peptostreptococcus anaerobius 4 (16.67%), Schleiferella
asaccharolytica 2 (8.33) and Streptococcus mutans 1 (4.17%).
Aerobic isolates were Staphylococcus aureus, Streptococcus
pneumoniae and Klebsiella pneumoniae three each. The
antibiotic susceptibility pattern of aerobic isolates is
shown in Table 1. The only microaerophilic organism
isolated was Aggregatibacter actinomycetemcomitans [Figure 2].
Spirochetes (Treponema denticola) were observed in
19 (31.66%) cases by modified Fontana staining from direct
plaque sample smears. The result of semiquantitative study
is shown in Table 2.
Using “paired t‑test,” “p” value was significant indicating
significant reduction in colony count after phase‑I
periodontal therapy. Paired t = 3.555, P = 0.001.
DISCUSSION

The search for the periodontal pathogens has been
underway for more than 100 years and continues up today.

Figure 1: Anaerobic Gram-negative bacilli
Journal of Laboratory Physicians / Jan-Jun 2015 / Vol-7 / Issue-1

The three factors which will determine the occurrence of
active periodontal disease are a susceptible host, presence
of pathogenic species and absence of so‑called beneficial
bacteria.[11] The goal of the present study was to attempt
to understand the nature of microbial complexes that exist
in subgingival plaque.
In the present study, the cases ranged from 20 to 70 years
with a maximum number of cases in the age group
of 38–47 years. In contrast, Sixou et al.[12] observed
periodontitis cases in age group of 18–52 years, Antony
et al.[13] in the age group of 30–60 years, Kamma et al.[14]
in the age group of 14–35 years. It is a good old concept
in the literature that the prevalence of periodontitis
increases as age increases because of loss of periodontal
tissue support, however maximum number of cases in
our study were in adult group as observed by the previous
authors.[15]
The male to female ratio in our study was 0.8:1. That
is, females were more affected than males as observed
in studies by Sixou et al., [12] Salari and Kadkhoda [16]
Daniluk et al.,[5] Nonnenmacher et al.[17] and Socransky
et al.[6] In contrast in a study conducted by Sixou et al.[18]
the ratio was M:F::1.3:1. However, there is no established,
inherent difference between men versus women in their
susceptibility to periodontitis.[15] 78.34% of our isolates
were polymicrobial in nature in comparison to 11.06% of
monomicrobial isolates. Our observations are consistent
with the literature. [4,12,16,17,19] Polymicrobial nature of
periodontal plaque has been well established. In the
studies conducted by Sixou et al.[12] Nonenmacher et al.[17]
Saini et al.[4] and Mane et al.[19] 97.14%, 100%, 72.28% and
97.3% of their isolates were polymicrobial, respectively. In
contrast Salari and Kadkhoda[16] observed 18.28% of their
isolates were polymicrobial.

Figure 2: Low power microscopic picture of Aggregatibacter
actinomycetemcomitans showing central star shaped colony
51

Benachinmardi, et al.: Microbial flora in chronic periodontitis

Table 1: Antibiotic susceptibility pattern of aerobic isolates
Isolates

Number
of isolates

Antibiotic sensitivity
Cf

E

Ac

Ce

Ak

Ox

S

R

S

R

S

R

S

R

S

R

S

R
0

Staphylococcus aureus

03

3

0

3

0

3

0

3

0

NT

NT

3

Streptococcus pneumoniae

03

2

1

3

0

3

0

3

0

NT

NT

3

0

Klebsiella pneumoniae

03

2

1

NT

NT

3

0

3

0

3

0

NT

NT

S: Sensitive, R: Resistant, NT: Not tested, Cf: Ciprofloxacin, E: Erythromycin, Ac: Amoxiclav, Ak: Amikacin, Ox: Oxacillin, Ce: Cefotaxime

Table 2: Results of semiquantitative study
Pre‑treatment
(n=121)
750, 160±2, 267,
760=7.5×105±2.2×106

Post‑treatment
(n=110)

Mean reduction
(n=110)

123.4±233.76

802, 530±2, 367,
570=8×105±2.3×106

Paired t=3.555, P=0.001

Out of 78.34% of polymicrobial isolates 57.44% were
a combination of two isolates, and 42.55% were a
combination of three isolates. In a study conducted by
Saini et al.[4] in India, they observed two isolates in 91.66%
and three in 8.2%. In an another study conducted by Mane
et al.[19] in India observed two isolates in 8%, three and four
isolates 40% each and five isolates in 12%.
The results of the present study show the diversity of
anaerobic bacteria in chronic periodontitis. Anaerobic
bacteria were isolated in 91.74% of periodontitis cases.
Various studies from India and other countries showed
an isolation rate of strict anaerobes ranging from 42% to
100% in periodontitis cases.[4,16,19,20] In the two different
studies conducted in France, detected 91.42% and 80.77%
of anaerobic isolates. In a study by Mane et al.[19] 83%
were anaerobes. Whereas studies conducted by Salari
and Kadkhoda,[16] Daniluk et al.,[5] Nonnenmacher et al.[17]
and Saini et al.[4] detected comparatively lower number of
anaerobes that is, 41.22%, 57.1%, 53.84% and 64.25%,
respectively. The varying recovery rates of isolation can
be due to varying criteria of patient selection, culture
method employed, geographical differences, and molecular
technique used for identification.[4,19]
In the present study, Gram‑negative anaerobes (78.4%) were
predominantly isolated than the Gram‑positive (21.6%) in
the periodontitis cases. And our observations are comparable
to the literature.[4‑6,16,19] Fusobacterium spp (27.60%), Bacteroides
fragilis (21.84%), Porphyromonas spp (24.48%), Prevotella
intermedia (9.20%) [Figure 3], Fusobacterium nucleatum (4.60%)
and Prevotella spp (9.20%) were the most common organisms
isolated in our study. Other workers have isolated similar
anaerobes, but in varying proportions. In an Indian study
by Saini et al.[4] reported a much higher number of these
isolates Porphyromonas spp 40%, P. intermedia 12%, Prevotella
species 14%, Fusobactrium nucleatum 24% and Bacteroides
52

Figure 3: Prevotella intermedia

5%. Another Indian study by Mane et al.[19] reported
higher number of P. intermedia (17.6%), F. nucleatum (41%),
Fusobacterium spp (29.41%) were in accordance with
our results. Sixou et al.[18] reported higher number of P.
intermedia (15.78%) and F. nucleatum (7.01%). While Salari
and Kadkhoda[16] and Nonnenmacher et al.[17] reported
much lower number of these isolates. Comparison of
spectrum of anaerobes in different studies is shown in
Table 3. Beena et al.[21] concluded from their study on
periodontal pathogen that, as the infection progress the
proportion of anaerobes especially GNB like Prevotella,
Porphyromonas and Fusobacterium increases.
The Gram‑positive anaerobic cocci constituted 21.6%
of total anaerobic isolates in our study. Out of which
M. micros (70.83%) were the most common isolates.Other
GPC isolated in our study were P. anaerobius (16.67%),
S. asachrolytica (8.33%) and S. mutans (4.17%).
Saini et al.[4] and Nonnenmacher et al.[17] reported M. micros
in 23% and 51% respectively, which is much lower than our
study. Sixou et al.[12] observed 52.94% of M. micros, 5.88%
of P. anaerobius. In another study by Sixou et al.,[18] there
were 14.28% each of M. micros and P. anaerobius. Salari and
Kadkhoda[16] reported 2.9% and van Winkelhoff et al.[20]
reported 70%, which is in accordance with our study.
M. micros is considered to be a pathogen in the etiology of
Journal of Laboratory Physicians / Jan-Jun 2015 / Vol-7 / Issue-1
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Table 3: Comparison of spectrum of gram negative anaerobes in the literature
Mane et al.[19]

Salari and Kadkhoda[16]

Saini et al.[4]

Socransky et al.[6]

Nonnenmacher et al.[17]

Fusobacterium spp.

Gram‑negative anaerobes

‑

‑

29.4

7

‑

Present study %
27.60

Bacteroides fragilis

‑

‑

‑

‑

‑

21.84
24.48

Porphyromonas spp.

48

24.5

14

5.26

6.4

Prevotella intermedia

12

7

17.4

15.78

10.2

9.2

Prevotella species

14

5

6

‑

‑

9.2

Fusobacterium nucleatum

24

‑

41

7.01

1.3

4.6

‑

‑

‑

‑

‑

1.14

Prevotella loeschii
Bacteroides ureolyticus
Eikenella corrodens
Veillonella spp.

05

‑

‑

3.10

‑

1.14

‑

22

‑

‑

‑

1.14

09

‑

‑

‑

‑

‑

mixed anaerobic infections more often and in increased
percentage from patients with periodontitis, especially
in subjects with active disease.[22‑26] Our results are in
accordance with the previous observation suggesting that
M. micros may be associated with periodontitis.
In the present study group, aerobes constituted 7.43%,
while Daniluk et al.[5] and Mane et al.[19] isolated 42.9%
and 14% of aerobes, respectively. The aerobes isolated
were S. aureus (33.33%), S. pneumoniae (33.33%) and
K. pneumoniae (33.33%) and our results are in accordance
with studies of Daniluk et al.[5] who reported Staphylococcus
species (16.66%) and Streptococcus species (38.88%). Saini
et al.[4] reported 42.85% of S. aureus and 44.44% of
Klebsiella spp. They also reported Escherichia coli, Pseudomonas
spp (14.28%) and nonfermenters (28.5%), which are not
observed in our study.[4,5]
The only microaerophilic bacteria isolated in the
present study is A. actinomycetemcomitans which accounts
for 0.83% of total bacterial isolates. The isolation rate
of A. actinomycetemcomitans from adult periodontitis
was reported to be 53% by Antony et al., [13] 9% by
Nonnenmacher et al.,[17] 20.6% by Salari and Kadkhoda[16]
and 14.6% by Saini et al. [4] These results show that
A. actinomycetemcomitans seems to play a significant role in
periodontitis along with the other anaerobes.
Spirochetes such as T. denticola were observed by modified
Fontana staining in 31.66% of cases. In this study, there
was significant decrease in bacterial count following
SRP with P < 0.001, as observed in the literature. Two
systemic reviews have suggested that adjuvant systemic
antibiotic administration will have a better outcome than
SRP alone.[27,28] The predisposing factors for periodontitis
include increasing age, prior history of periodontitis,
smoking, stress, few drugs such as anticonvulsants, calcium
channel blockers and oral contraceptive pills, systemic
factors like HIV, Diabetes mellitus and hematological
factors.[29‑31]
Journal of Laboratory Physicians / Jan-Jun 2015 / Vol-7 / Issue-1

Periodontitis if untreated thought to act as a risk factor for
systemic diseases like atherosclerosis, cardiovascular and
cerebrovascular diseases, pregnancy complications, diabetes
mellitus and others.[31,32]
Since the concept of dental infection has been
bacteriologically nonspecific and offers no rationale for
antimicrobial treatment, careful assessment and isolation
of both aerobes and anaerobes is the utmost importance
in the treatment of orodental infection.[4]
CONCLUSION

This study has shown that anaerobic bacteria are important
cause of chronic periodontitis, along with aerobes and
microaerophilic organisms. Cultural methods are still
economical and gold standard. Considering the scarce data
on microbial flora in the Indian population, further studies
for assessment of microbial profile in various forms of
periodontitis should be carried out.
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Abstract—Tobaccospecific nitrosamines, viz. N'nitrosonornicotine (NNN) and 4methylnitrosamino1
3pyridyl1butanone (NNK) were determined by using a modified ultra flow liquid chromatographyphoto
diode array (UFLCPDA) technique using C18 100A Phenomenex column (Luna, 5 µm, 4.6 × 150 mm) with
10% acetonitrile (ACN) in 1 mM ammonium acetate buffer pH 8 by ammonium hydroxide; ACN and water
with 0.75% glacial acetic acid (pH 2.82) solvent system. It was feasible to compute accurate calibration curve
for both compounds using the solvent system by determining the peak area as a function of the concentration.
Limits of detection of 0.12 µg/mL for NNN and 0.02 µg/mL for NNK were found. This technique allows a
reasonably accurate detection of NNN and NNK with the solvent system developed. The study finds an op
timum mobile phase for detecting NNN and NNK with effective resolution.
Keywords: N'nitrosonornicotine (NNN), 4methylnitrosamino13pyridyl1butanone (NNK), ultra flow
liquid chromatographyphoto diode array (UFLCPDA) technique, method development
DOI: 10.1134/S1061934815090142
1

Tobacco and its smoke contain more than 2500 and
3800 compounds, respectively [1], which include tu
mor initiators such as the polynuclear aromatic hydro
carbons [2], tumor promoters, cocarcinogens, and
organspecific carcinogens [2, 3]. The large number of
tobacco and its smoke make it unlikely that the total
carcinogenic activities of tobacco products can be ex
plained by individual compound or group of com
pounds. Thus, research has focused on major groups
of tumorigenic agents, especially those carcinogens
that are unique for tobacco and its smoke. Tobacco
specific nitrosamines (TSNA) are a group of carcino
gens found only in tobacco products. They are formed
from nicotine and related alkaloids during the produc
tion and processing of tobacco [4]. TSNA are derived
from the addiction taking nicotine in high concentra
tions and exhibit as powerful carcinogens. However,
despite our everincreasing knowledge on the carcino
genic effects of TSNA, we can only assume that these
agents play an important role for the increasing cancer
risk in tobacco chewers and smokers [5]. Nicotine, the
precursor for the highly carcinogenic N'nitrosonor
nicotine and 4methylnitrosamino13pyridyl1bu
tanone (Scheme 1) is considered to be the leading fac
tor for the tobacco addiction [6]. The carcinogenic
properties of NNN and NNK are partially due to their
1 The article is published in the original.

metabolic conversion to electrophilic intermediates.
Among these, methyldiazohydroxide formed from
NNK leads to O6methylguanine in DNA.
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Scheme 1. Structures of N'nitrosonornicotine (I) and
4(methylnitrosamino)1(3pyridyl)1butanone (II).

The metabolic activation of NNN and NNK occurs in
tissues of laboratory animals and humans [4].
Virtually all commercial tobacco products contain
NNN and NNK which are formed during processing
of tobacco [7]. Since the first reports on NNN and
NNK in tobacco [8, 9], many studies have quantified
their level in various tobacco products. The level of
NNN and NNK are quantified in smoke of research
cigarettes made from different tobacco varieties, using
the International Standards Organization method
[10]. The tobaccospecific NNK is a highly effective
lung carcinogen in rats that induces lung tumors in
mice and hamsters [11]. It also causes tumor of the
pancreas, liver, and nasal mucosa in rats, and tumor of
the oral cavity when administered together with Nni
trosonornicotine. Two of the nicotine derived nitro
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samines, NNN and NNK, are strong carcinogens to
lung and pancreatic cancer in smokers, oral cancer in
smokeless tobacco users, and lung cancer in people
exposed to environmental tobacco smoke.
Very few studies have been reported for quantifica
tion of NNN and NNK by using HPLCPDA meth
od. Most of the times chiral structures of the com
pounds and their affinity towards solvents have pre
vented from clear separation in HPLC system.
Therefore, use of gradient solvent system, column in
series [12] and sophisticated instrumentation like liq
uid chromatography (LC) coupled with massspec
trometry [13] detectors results in longer retention time
(RT) and cost of experiment respectively. Hence, the
present study demonstrates and validates an easy
method for separation and quantification of NNN and
NNK with better resolution.
EXPERIMENTAL
Materials. The solvents ammonium acetate
(NH4OAc), ammonia (NH3), acetronitrle (ACN), water
(H2O) and glacial acetic acid (GAA) of HPLC grade
(Fischer Scientific, Mumbai, India) were used for the
study. HPLC grade NNN [3(1nitroso2pyrrolidinyl)
pyridine] and NNK [4(methylnitrosamino)1(3py
ridyl)1butanone], (98% pure), were procured from
SigmaAldrich, USA and dissolved in ACN at working
concentration of 0.125, 1, 10, 50, and 100 µg/mL for
NNN and 1, 3, 10, 50, and 100 µg/mL for NNK.
Instrumentation. The reversed phase ultra flow liq
uid chromatography of Shimadzu chromatographic sys
tem (Model no. LC20AD) was used for the determina
tion of NNN and NNK. The equipment includes a qua
ternary pump, manual injector, degasser (DGU20A5),
PDA detector SPDM20A and LCSolution software.
Chromatographic separation was achieved on a C18
100A Phenomenex column (Luna, 5 µm, 4.6 ×
150 mm) at ambient temperature 25 ± 2°C. The column
was selected on its wide pH stability (1.5–10), method
flexibility and fast LC results.
Chromatographic conditions. Mobile phase con
sisting of the following ingredients: A – 10% ACN in
1 mM NH4OAc buffer pH 8 adjusted by NH3; B –
ACN; C – H2O with 1% GAA was used for separation
in a low pressure gradient mode with injection volume
20 µL. The flow rate was 0.4 and 1.0 mL/min and the
detection wavelength of PDA detector beam were set
at 229 nm. The analysis time was 13 min for both ana
lytes.
Limits of detection (LOD) and quantification (LOQ)
were determined with the signal/noise ratios of 3.3 and
10, respectively [14]. The calibration curve was obtained
for NNN and NNK at 5 concentrations ranging of
0.125–100 µg/mL. Linear calibration was applied for
calculation of the calibration function as slope.
System suitability. The system suitability test was
assessed by three replicate injections of the standard

solutions at a particular concentration. The peak areas
were used to evaluate repeatability of the proposed
method, and their peaks were analyzed for resolution.
Parameters such as linearity, precision and resolution
were also studied for the proposed method.
RESULTS AND DISCUSSION
Determination of NNN and NNK together by us
ing UFLCPDA system can sometimes be difficult,
not only because it represents a wide range of applica
tions, but sometimes analytes tend to retain in column
and may also have great affinity towards polar solvents.
Chemically, the basic structure of the studied analytes
consists of a single pyridine ring (Scheme 1). It is well
documented that C18 columns are compatible even
with 100% aqueous mobile phase and have wide pH
stability up to 1.5 for method flexibility. There are very
few eluent systems that are using HPLCPDA to de
tect NNN and NNK by such system with success. One
of them was A: 10% ACN in 1 mM NH4OAc buffer,
pH 8 adjusted by NH3 and B: acetonitrile where, A : B
were in ratio of 90 : 10 [13] and other given by Carmel
la and Hecht [12, 15] with 20 min linear gradient sys
tem using 24 mM aqueous NaOH, pH 6 with acetic
acid for NNN as solvent A and 50% CH3OH in H2O
as solvent B.
In present study, individual injections of 50 µg/mL of
NNN and NNK yielded peak heights of 1195 and
444 mAU, with RT of 4.96 ± 0.05 and 5.07 ± 0.05 min,
respectively, at a flow rate of 0.4 mL/min on 50 : 50 (A : B)
solvent system (Figs. a and b). Interestingly in this solvent
system the difference of the RT for both the compounds
was only 0.117 min. Equal amounts (50 µg/mL) of NNN
and NNK gave no separation and were detected as a sin
gle peak at RT 4.97 min (Table, Fig. c). At the ratios of
60 : 40 and 70 : 30 of solvent A and B with flow rate of
0.4 mL/min, no separation of NNN and NNK was ob
served. A slight shift in RT appeared from 5.59 to
6.61 min (Table). A ratio of 80 : 20 (A : B) gave no def
inite peak separation of NNN from NNK at RT 9.05
and 10.13 min respectively (Table). Moreover, a ratio
of 90 : 10 (A : B) at flow rate of 0.4 mL/min showed
better separation (Table, Fig. d) than previous, but was
evident with increase in RT and peak tailing (NNN
15.46 and NNK 19.28 min). Similarly, increase in flow
rate from 0.4 to 1.0 mL/min decreased RT which ap
peared at 6.38 and 7.96 min with slight peak broaden
ing at base (Table). Still increase in flow rate up to
1.2 mL/min in the same solvent system, further de
creased RT by about 1 min compared to previous for
both compounds (NNN 5.33 and NNK 6.65 min)
with peak broadening (Table). Flow rate of
1.0 mL/min of 100% solvent A gave better separation
than all previous solvent systems in gradient, but elut
ed late with detection at 19.63 and 32.47 min for NNN
and NNK, respectively (Table). Thus, to reduce the
RT we added water (solvent C) to make the system
concentration 85 : 10 : 5 (A : B : C). This reduced RT
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UFLC profiles of NNN and NNK at different combinations and concentrations of solvents and at varied retention time. (a) Pro
file of NNN at 50% A to 50% B with flow rate 0.4 mL/min; (b) profile of NNK at 50% A to 50% B with flow rate 0.4 mL/min;
(c) profile of NNN and NNK mix at 50% A to 50% B with flow rate 0.4 mL/min; (d) profile of NNN and NNK mix at 90% A to
10% B with flow rate 0.4 mL/min; (e) profile of NNN and NNK mix at 70% A : 20% B : 10% C with flow rate 1.0 mL/min.

of NNN and NNK (6.51 and 8.02 min) with peak
broadening (Table). To reduce peak broadening, in
crease absorbance and decrease retention time, 0.50%
of GAA was added in solvent C, which gave pH 2.92.
At a flow rate of 1.0 mL/min and ratio of 70 : 20 : 10
(0.50% GAA) (A : B : C), NNN and NNK were de
tected at 3.27 and 4.21 min, respectively, with good
separation and resolution (Table). Again, further in
crease of GAA (0.75%) in solvent C gave better sepa
ration and resolution of NNN and NNK at RT of 3.33
JOURNAL OF ANALYTICAL CHEMISTRY
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and 4.21 min (Table, Fig. e), respectively, while other
parameters were same as previous. Despite this still
further increase in GAA (1.0%) decreases RT of NNN
and NNK (3.16 and 4.15 min), but reduces resolution
and absorbance of the analytes (Table). Therefore,
peaks achieved with the solvent system containing
0.75% GAA were confirmed by measuring width at
50% height of peak. Both sides at 50% height were
more or less equal indicating a pure peak. No peak
tailing was observed (Fig. e). There was no peak shoul
No. 9

2015

1156

SUGANDHA SHARMA et al.

Optimization of solvent system and pH to allow separation of NNN and NNK
A
50
50
50
60
70
80
90
90
90
100
85
70
70
70

B
50
50
50
40
30
20
10
10
10
0
10
20
20
20

C
0
0
0
0
0
0
0
0
0
0
5
10
10
10

GAA
in C, %

pH of C

–
–
–
–
–
–
–
–
–
–
–
0.50
0.75
1.00

–
–
–
–
–
–
–
–
–
–
–
2.92
2.82
2.76

RT (min) ± SD

Peak height (mAU) ± SD

Flow rate,
mL/min

NNN

NNK

NNN

NNK

0.4
0.4
0.4
0.4
0.4
0.4
0.4
1.0
1.2
1.0
1.0
1.0
1.0
1.0

–
4.96 ± 0.05
4.97 ± 0.05*
5.59 ± 0.05*
6.61 ± 0.06*
9.05 ± 0.09
15.46 ± 0.15
6.38 ± 0.06
5.33 ± 0.05
19.63 ± 0.19
6.51 ± 0.06
3.27 ± 0.03
3.33 ± 0.03
3.16 ± 0.03

5.07 ± 0.05
–
4.97 ± 0.05*
5.59 ± 0.05*
6.61 ± 0.06*
10.13 ± 0.10
19.28 ± 0.19
7.96 ± 0.08
6.65 ± 0.06
32.47 ± 0.32
8.02 ± 0.08
4.21 ± 0.04
4.21 ± 0.04
4.15 ± 0.04

–
1195 ± 24
796 ± 15
587 ± 11
386 ± 7
218 ± 4
116 ± 2
130 ± 2
121 ± 2
59 ± 1
132 ± 2
293 ± 5
300 ± 6
279 ± 5

444 ± 8
–
796 ± 15
587 ± 11
386 ± 7
80 ± 1
40 ± 1
44 ± 1
42 ± 1
13 ± 0.2
47 ± 1
81 ± 2
84 ± 2
77 ± 1

Figure
(a)
(b)
(c)
–
–
–
(d)
–
–
–
–
–
(e)
–

* Retention times for both were same, as peaks were overlapping.

dering as evident from the profile obtained using mod
ified solvent system considering wavelength, time and
peak intensity (Fig. e). Though the compounds are
present in low concentrations and/or sample size is
small (e.g. blood, saliva etc.), selection of solvents
should be optimized taking parameter of quality sepa
ration and better resolution for compound of interest.
Mere using of buffer and solvents sometimes does
not perform good resolution if small sample size ob
tained and compound are present in very low concen
tration. Results of Table revealed that selection of buff
er and solvent however gave separation of compounds
but increased the LOD of NNN and NNK. For sol
vent system 80 : 20 (A : B) at flow rate 0.4 mL/min
peak height of NNN and NNK was 218 and 80 mAU,
respectively, while 90 : 10 (A : B) peak height was de
creased for NNN and NNK to 116 and 40 mAU. In
creasing of flow rate (1.0 mL/min) in this ratio slightly
increased peak height (NNN 130 and NNK 44 mAU)
but in significantly. Whereas, at 100% of solvent A, re
duced peak height with poor resolution was observed
(Table). Changing of gradient system of solvent A, B
and C at a ratio of 85 : 10 : 5 has improved the peak
height of NNN and NNK then using 100% of buffer.
Addition of GAA improves separation and resolution
of NNN and NNK. Hence, in this modified method
solvent system A : B : C at a ratio of 85 : 10 : 5 with
0.75% GAA and 1.0 mL/min flow rate achieves better
separation, resolution and reproducibility. Moreover,
improvement of resolution of the compound can be
supportive substantiation for trace level detection of
carcinogenic constituents.

The linearity and sensitivity of the method was an
alyzed using above set chromatographic conditions.
Three independent calibration curves for each analyte
were plotted correlating the detector signals with con
centrations of the compound of interest. Regression
equation was obtained using leastsquare method, and
the standard deviation did not exceed 2%. The results
revealed good linear calibration fit in the range of 1–
100 µg/mL for NNN and 0.125–100 µg/mL for
NNK. The calibration plots were described by the
equations y = 6.92 × 104 c(µg/mL) + 1.15 × 104 (n = 5)
and y = 1.99 × 104 c(µg/mL) + 7.62 × 104 (n = 5) and
the corresponding coefficients of determination (R 2)
were 0.995 and 0.999 for NNN and NNK, respective
ly. Here the higher R 2 values indicated good linearity
and the values of standard deviations of the intercept
and the slopes were indicative for the significant valid
ity of the calibration points used for the study.
LOD for NNN and NNK were found to be 0.12 and
0.02 µg/mL, respectively, while LOQ of NNN and NNK
were 0.40 and 0.05 μg/mL, respectively. Five injections,
at three different concentrations of NNN (1, 10, and
50 µg/mL) and NNK (3, 10, and 50 µg/mL), showed ex
cellent interday precision with RSD of retention time
less than 0.11%. Similarly, the intraday precision was de
termined using triplicate readings at same concentra
tion ranges of analytes. Lower RSD (0.16%) of reten
tion time here indicated acceptable reproducibility of
the method [16]. The resolution for the principle
peaks was found to be 1.51, indicating good separation
of the analytes. The theoretical plates number (N) was
found to be 1372 (NNN) and 845 (NNK) for the col
umn used in the study (150 mm × 4.6 mm i.d., particle
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size 5 µm), thus demonstrating acceptable column ef
ficiency. All these results assure the competence of the
proposed UFLC method for routine analysis of NNN
and NNK.
This study emphasized that low cost and good res
olution of the analytes responsible for many diseases
like cancer. The developed method will be supportive
to the researchers working in determination of toxic
compounds in various biological samples.
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ABSTRACT
Context: Antibiotic resistance is a major problem with inadvertent usage. Thus, there is a need
to search for new antimicrobial agents of herbal origin to combat antibiotic resistance. One such
plant is Morus alba which has a long history of medicinal use in traditional Chinese medicine.
Aim: To compare the antibacterial activity of ethanolic extract of M. alba leaves with
chlorhexidine gluconate against Aggregatibacter actinomycetemcomitans, Porphyromonas
gingivalis, and Tannerella forsythia.
Settings and Design: Experimental in vitro study.
Methodology: Crude extract from the leaves of M. alba were prepared by Soxhlet extraction
method by using ethanol as a solvent. Minimum inhibitory concentration (MIC) of the extract
was assessed against A. actinomycetemcomitans, P. gingivalis and T. forsythia, and compared
with that of chlorhexidine gluconate by broth dilution method.
Results: P. gingivalis was the most sensitive organism against the M. alba extract with an MIC
value of 1.95 mg/ml; while T. forsythia and P. gingivalis both were most sensitive organisms
against chlorhexidine gluconate with MIC values of 0.00781 mg/ml.
Conclusion: M. alba possess good antibacterial activity against A. actinomycetemcomitans, P.
gingivalis and T. forsythia and thus would be beneficial for the prevention and treatment of
periodontal disease. However, chlorhexidine gluconate was found to be more effective when
compared to M. alba.
Key words: Antibacterial activity, herbal extract, Morus alba, periodontal pathogens

Periodontal disease is one of the two major dental
diseases that affect human populations worldwide at high
prevalence rates.[1] Periodontitis is a chronic inflammatory
disease of the tooth and supporting tissues with clinical
signs of bone and connective tissue loss and is mediated by
a combination of periodontal pathogens and host defense
systems. [2] More than 700 different bacterial species
colonize the oral cavity, but only a few of these are thought
to be potential periodontal pathogens.[3] Aggregatibacter
actinomycetemcomitans, Porphyromonas gingivalis, and
Tannerella forsythia are known as the main pathogens of
periodontal disease and treatment of periodontal disease
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is associated with success in removing and reducing
these microorganisms.[4‑6] The most common treatment
for periodontal disease is scaling and root planing (SRP)
which has been confirmed as a gold standard treatment of
periodontitis.[7] However, the limitations of SRP are the
inability to access deeper areas of gingival sulcus which
leads to early microbial re‑colonization and recurrence
of periodontitis.[8,9] This has led researchers to investigate
regarding local delivery of drugs which can reach the
inaccessible areas of the gingival sulcus. One such
antimicrobial agent is chlorhexidine.
Chlorhexidine is the most effective antiplaque agent
until date with its mechanism of action being; decreasing
pellicle formation, alteration of bacterial adhesion to
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the tooth surface and alteration of bacterial cell wall,
ultimately leading to cell death.[10] The major advantage of
chlorhexidine over other compounds lies in its substantivity,
as it binds to soft and hard tissues in the mouth, enabling
it to act over an extended period after application of a
formulation. It is safe and has an inherent advantage over
antibiotics by not producing resistant microorganisms. In
the present study, chlorhexidine has been used as a positive
control as it is considered the gold standard in dentistry and
its disadvantages on long‑term usage are staining of teeth
and altered taste sensation. In rare cases, serious adverse
effects like oral mucosal erosion, parotid swelling, enhanced
supragingival calculus has been reported.[11]
Natural flora and fauna are known to play an important
role in human life. India, as a tropical country is rich
in medicinal plants, herbs and is known for its ancient
traditional medicine used in the treatment of various
ailments. The different parts of the plants such as roots,
leaves, bark, and fruits have been used as an important
source of traditional medicine since ages. In the recent
years, most of the researchers’ interest has shifted in
evaluating the antimicrobial properties of different parts
of the plants. A lot of research has been carried out on the
utilization of medicinal plants in the treatment of a variety
of ailments, especially in the last two to three decades.[12‑16]
As a result, the commercial use and exploitation of these
herbal medicines has increased drastically.[17]

Morus alba is one such invaluable member of the plant
kingdom belonging to the family Moraceae and the genus
Morus. M. alba also known as the mulberry is a short‑lived,
fast‑growing, small to medium‑sized tree, native to northern
china, and is widely cultivated elsewhere. It is extensively
cultivated for leaf yield in sericulture.[18] Traditionally,
mulberry fruit has been used as a medicinal agent to nourish
blood, benefit the kidneys and treat weakness, fatigue,
anemia and premature graying of hair.[19] Even the root bark
has been traditionally used in Asian countries for medicinal
purposes due to its anti‑inflammatory, hypoglycemic,
antibacterial activities, etc.[20] On exploration of literature,
no study has been reported on the antibacterial activity
against potential periodontal pathogens. Therefore, an
attempt has been made to compare the antibacterial activity
of ethanolic extract of M. alba leaf with chlorhexidine against
A. actinomycetemcomitans, P. gingivalis and T. forsythia.

METHODOLOGY
Prior to the start of the study, ethical approval was obtained
from recognized ethical board. This study is a part of the
ongoing clinical trial.

Materials

Chlorhexidine gluconate solution BP grade (Unilab
Chemicals and Pharmaceuticals Pvt. Ltd., Mumbai),
534

Gunjal, et al.

dimethyl sulfoxide (DMSO) (Thermo Fisher Scientific India
Pvt. Ltd., Mumbai), brain heart infusion (BHI) broth, horse
serum, ethanol (Hi Media Laboratories Pvt. Ltd., Mumbai)
were procured for the present study.
Collection and identification of plant material
The leaves of M. alba were collected during May (2014)
from Belgaum district, Karnataka state, India. The plant
was authenticated from the taxonomist in Regional Medical
Research Centre, ICMR, Belgaum (Voucher specimen is
RMRC‑988).
Preparation and extraction of plant material
The fresh leaves were cut from the M. alba plant, washed
thoroughly three times in water, shade dried at room
temperature. After complete drying, the leaves were
subjected to size reduction in a grinder and then sieved
through sieve number 40 to get a coarse powder and stored
in airtight glass jar. Coarse powder (70 g) was extracted with
solvent (1000 ml of 99.9% ethanol) at room temperature
using Soxhlet method of extraction. After the completion
of Soxhlet process, the ethanol was evaporated using IKA
Rotavapour evaporator at 40°C, leaving a small yield of
extracted plant material (about 2–3 ml) in the glass bottom
flask. The extract was further dried at room temperature
until the remaining ethanol was completely evaporated.
The yield obtained was 11.4 g. The extract was stored at 4°C
until further microbial tests are carried out.[21]
Source of microorganisms
The standard strains of A. actinomycetemcomitans (ATCC
29523), P. gingivalis (ATCC 33277) and T. forsythia (ATCC
43037) were procured from Promochem, Bangalore.
Antibacterial activity
The lowest concentration of the extract/drug that will
inhibit the growth of test microorganisms is the Minimum
inhibitory concentration (MIC). For the bacteriological
suspension, 1.5 × 108 CFU/ml was prepared by comparing
the growth turbidity with 0.5 McFarland standards. BHI
broth supplemented with horse serum was used as media
for all the 3 microorganisms. For T. forsythia n‑acetyl,
muramic acid was added to the BHI broth supplemented
with horse serum. The stock solution of the M. alba crude
extract used for MIC was 500 mg in 1 ml of DMSO 50%. Nine
dilutions (50%, 25%, 12.5%, 6.25%, 3.125, 1.562%, 0.781%,
0.390%, and 0.195%) were tested against selected organisms
by broth dilution method as per Clinical and Laboratory
Standards Institute guidelines.[22] Chlorhexidine being the
standard in the periodontal regimen, MIC of chlorhexidine
gluconate 2% was also performed to compare with that
of M. alba crude extract. Nine dilutions of chlorhexidine
gluconate were 2%, 1%, 0.5%, 0.25%, 0.125%, 0.0625%,
0.0312%, 0.0156%, and 0.00781%. Then the tubes were
kept for incubation for 48 h at 37°C in the bacteriological
incubator and observed for turbidity (P. gingivalis and
Indian Journal of Dental Research, 26(5), 2015
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T. forsythia being an obligate anaerobe was incubated in
an anaerobic jar while A. actinomycetemcomitans being
a facultative anaerobe was incubated in CO2 dessicator).
Turbidity was taken as an indication of growth, and the
lowest concentration which remained clear was recorded
as the relative MIC.[23] All the tests were performed in
triplicate, and the mean value was taken.

RESULTS
In the present study, the antibacterial activity of ethanolic
extract of M. alba leaves and chlorhexidine gluconate
was determined against three most potential periodontal
pathogens. The results are summarized in Table 1. Among
the tested microorganisms, P. gingivalis was the most
sensitive organism against the M. alba extract with an MIC
value of 1.95 mg/ml; while T. forsythia and P. gingivalis were
the most sensitive organisms against chlorhexidine gluconate
with an MIC value of (0.00781 mg/ml). T. forsythia was least
sensitive against M. alba extract (15.63 mg/ml), while for
chlorhexidine gluconate, A. actinomycetemcomitans was
least sensitive (0.031 mg/ml).

DISCUSSION
M. alba has been used in traditional oriental medicine,
and almost all the parts of this plant like root, bark, stem,
leaves and fruit have been used as medicine. Traditionally,
mulberry is chewed in a toothache to avoid further
destruction and cavitation of the tooth. M. alba has gained
great attention in the recent years for its antioxidative
and antidiabetic effects and is an important ingredient of
herbal tea.[24] Park et al., flavanoid isolated from the root
bark of M. alba has shown antibacterial activity against
Streptococcus mutans,[25] 1‑deoxynojirimycin, isolated from
leaves of M. alba also showed anti‑adherence activity against
S. mutans.[26] The above evidence suggests the antibacterial
activity of M. alba against dental caries. The root bark
of M. alba has also been tested for antibacterial activity
against periodontal microorganisms like P. gingivalis (W50)
and A. actinomycetemcomitans (ATCC 33384) showing
MIC value of 8 µg/ml and 10,008 µg/ml, respectively.[25]
However, the leaves of M. alba has not been tested against
the potential periodontal pathogens. To the best of our
Table 1: MIC values of M. alba extract and chlorhexidine
gluconate against three periodontal pathogens
Periodontal pathogens

A. actinomycetemcomitans (ATCC
29523)
P. gingivalis (ATCC 33277)
T. forsythia (ATCC 43037)

MIC* of test
agents (mg/ml)
M. alba Chlorhexidine
extract
gluconate
3.91
0.031
1.95
15.63

0.0078
0.0078

*Minimum inhibitory concentration. M. alba=Morus alba, A. actinomycetemcom
itans=Aggregatibacter actinomycetemcomitans, P. gingivalis=Porphyromonas
gingivalis, T. forsythia=Tannerella forsythia
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knowledge and thorough review of literature, this is the
first report to provide evidence that the leaf extract of
M. alba has antibacterial activity against potential
periodontal microorganisms.

M. alba plant is reported to contain phytoconstituents such
as tannins, phytosterols, sitosterols, saponins, triterpenes,
flavonoids, benzofuran derivatives, morusimic acid,
anthocyanins, anthraquinones, glycosides, and oleic acid as
the main active principle.[27‑30] While leaves contain tannins,
triterpenes, sterols, bioflavonoids, coumarins, volatile oil,
alkaloids, organic acids and amino acids, glycosides, and
saponins.[31] Plants rich in tannin and phenolic compounds
have shown to possess antimicrobial activity against a
number of microorganisms.[32] It has also been reported
that plants consisting of triterpene compounds effectively
inhibits the growth of periodontopathic bacteria.[33] As
the exact mechanism of action and chemical compounds
responsible for the antibacterial activity are not known, the
antibacterial activity of M. alba can be attributed majorly to
the triterpenes, and also to the tannins present in the leaves.
The results of the present study could not be compared with
that of other studies as this is the first of its kind.
In the present study, the antimicrobial activity of leaves of
M. alba was assessed against ATCC standard strains of potential
periodontal pathogens such as A. actinomycetemcomitans,
P. gingivalis, and T. forsythia, as these three bacteria were
officially designated as etiological agents of periodontitis in
1996.[34] The presence of these bacteria have been shown to
be a useful indicator of active disease and of increased risk
of gingival attachment loss.[35]

CONCLUSION
Periodontal disease is a multifactorial disease, caused by
the interaction of host, agent, and environmental factors.
It is important to remember that in vitro tests do not reflect
the real condition found in periodontal pockets. They do
not consider the above factors into consideration. From
the present study, it can be concluded that M. alba possess
antibacterial activity against periodontal pathogens, but
chlorhexidine gluconate was found to be more effective.
As the antibacterial activity is assessed against single
microorganism, the exact interaction cannot be assessed
by in vitro studies. Further in vivo studies should be
conducted to prove its antibacterial activity against
periodontal microorganisms without causing major local
or systemic adverse effects. Indeed, further work should
be done to elucidate main chemical compounds and their
exact mechanism of action responsible for the antibacterial
activity.
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ABSTRACT
Perforation is an artificial communication between the root canal system and supporting tissues of the teeth. Root perforation
complicates the treatment and deprives the prognosis if not properly managed. A wide variety of materials to seal the perforations
have been suggested in literature. There are many comparative studies showing the efficacy of one material over the other. Literature
shows many reviews on diagnosis, treatment plan and factors affecting prognosis of perforation repair; but none of these articles
elaborated upon various materials available to seal the perforation. The present article aims at describing all the materials used for
perforation repair from the past till date; it also offers a literature review of all the articles published over last four decades referred
to the treatment of perforation with various root repair materials.

Keywords: Hydroxyapatite, Internal matrix, MTA, Perforation

Introduction
Root perforations can occur pathologically as a result of resorption
and caries or iatrogenically during root canal treatment [1]. Such
perforations might compromise the treatment outcome and persist
as a significant complication if not repaired. Perforation might occur
during preparation of access cavities, post space or may occur as
a result of extension of internal resorption into periradicular tissues
[2].
Classification: Classiﬁcation of root perforations, proposed by Fuss
& Trope Coronal perforation–coronal to the level of crestal bone and
epithelial attachment with minimal damage to the supporting tissues
and easy access, Good Prognosis.
Crestal perforation–at the level of the epithelial attachment into
the crestal bone, Questionable Prognosis.
Apical perforation–apical to the crestal bone and the epithelial
attachment, Good Prognosis.
In multi-rooted teeth where the furcation is perforated, the prognosis
differs according to the factors described for single-rooted teeth.
Accidental root perforations do occur in approximately 2–12% of
endodontically treated teeth that might have serious implications
[3-8]. This perforation acts as an open channel encouraging
bacterial entry either from root canal or periodontal tissues or both
eliciting inflammatory response that results in fistulae including bone
resorptive processes may follow. When perforation occurs laterally
or in furcation area there might be over growth of gingival epithelium
towards the perforation site worsening prognosis of the tooth [9].

Ideal Requirements of Root Repair Material [13]
It should provide adequate seal.
It should be biocompatible.
It should have ability to produce osteogenesis and cementogenesis.
It should be bacteriostatic, and radiopaque.
It should also be beneficial to use a resorbable matrix in which a
sealing material can be condensed.
It should be relatively inexpensive.
It should be non-toxic, non-cariogenic and easy to place.
No material offers all of these properties. In search for the ideal
material, numerous sealing materials and techniques have been
tested over the years with varying success. The present article deals
with various perforation repair materials available from the origin till
date.

Various materials used for perforation repair include
1. Indium foil
2. Amalgam
3. Plaster of Paris
4. Zinc Oxide Eugenol
5. Super EBA
6. IRM (Intermediate Restorative Material)
7. Gutta Percha

Sufficient data is available regarding the prognosis of a tooth with
perforation defects. Factors determining the prognosis include
size and location of the defect, time, duration of exposure to
contamination, the material used to repair it, the possibility of sealing
the perforation and the accessibility to the main canal [10-12].

8. Cavit

Always small perforation apical to the crestal bone which is closed
immediately will have a good prognosis. Factor that is under
the control of operator is the choice of material to be used that
enhances treatment outcome. Traditionally Amalgam, EBA, Calcium
phosphate, Cavit were used as root repair material. Information
about the new materials introduced is essential to determine its
advantages and disadvantages. The idea of the present review is to
bring to light about all the perforation repair materials.

12. Dentin chips

Journal of Clinical and Diagnostic Research. 2015 Sep, Vol-9(9): ZE09-ZE13

9. Glass Ionomer Cement
10. Metal-Modified Glass Ionomer Cement
11. Composite
13. Decalcified Freezed Dried Bone
14. Calcium Phosphate Cement
15. Tricalcium Phosphate Cement
16. Hydroxyapatite
17. Calcium hydroxide
18. Portland Cement
9
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19. MTA
20. Biodentine
21. Endosequence
22. Bioaggregate

www.jcdr.net

combination of MTA and Super-EBA provided a more rapid seal
than MTA alone [23]. In a study by Luke G Moloney et al., EBA
cement provided a superior seal in lateral root perforations to silver
glass-ionomer cement while amalgam was intermediate between
the two [24].

23. New Endodontic Cement.

INDIUM FOIL
Historically Indium foil was used as a perforation repair material
mainly to prevent gross overfilling [14]. However, it has been reported
that use of indium foil lead to greater severity of bone resorption as
compared to groups where perforation was repaired without use of
indium foil.
Aguirre R et al., assumed that amalgam and indium foil would
coalesce to provide a satisfactory seal. They condensed amalgam
over indium foil matrices to prevent extrusion of amalgam. But results
of that study showed that amalgam alone provided significantly
better clinical and histological results than indium foil matrices for
the repair of furcation perforations [14].

AMALGAM
One of the multi-purpose materials from the ancient days is
amalgam. Though it is most commonly used as restorative material
but was also experimented to fill endodontic perforations.
In a study by Mahmoud et al.,, Amalgam when used as repair
material for furcation perforation showed superior sealing properties
as compared to cavit and calcium hydroxide [15]. In other study by
Benenati et al.,, Amalgam was found to be a more acceptable repair
material than vertically condensed warm gutta-percha [16].

PLASTER OF PARIS
One of the materials which have a wide range of use in the fields
of medicine and dentistry is plaster of paris (β-calcium sulphate
hemihydrate). Guliford recommended Plaster of Paris for furcation
perforation repair long back in 1901 [17]. Placement of repair material
to provide a perfect seal is a difficult task; this can be overcome with
the provision of a biocompatible matrix [18]. As the matrix material
remains in the periodontal ligament space, it must be biocompatible
and preferably resorbable. Plaster of paris is one such material with
its rate of resorption equaling to rate of new bone growing into the
tissue [19]. It has been used as a bone substitute for filling defects
and also acts as a space filler [19].
In a study, on effect of matrix placement on furcation perforation
repair, plaster of Paris matrix improved the seal with amalgam, but
not with Ketacsilver [20].

Zinc Oxide Eugenol
One of the therapeutic cement used for various purposes in the field
of dentistry is Zinc oxide eugenol.
Bramante et al., reported that perforations repaired with ZOE
showed poor prognosis; they showed that it can cause severe
inflammatory reactions with abscess formation and resorption of
the alveolar crest when used as furcation perforation repair material
[21].

Super Ethoxy Benzoic Acid (Super EBA)
Super EBA is an alumina-reinforced zinc oxide–eugenol cement. It
was used for sealing of perforations of the floor of the pulp chamber
or further down inside the root canal. It has advantageous properties
such as its ease of manipulation and its outstanding biological
compatibility with the periapical tissues [22]; its high adhesiveness
and adaptation to the dentinal walls is an additional advantage
[22].
According to a study by J Kenneth Weldon et al., Super-EBA
allowed significantly less microleakage than MTA at 24 hours; the
10

Intermediate Restorative Material (IRM)
Intermediate Restorative Material is reinforced zinc oxide–eugenol
cement. When used without an internal matrix it showed a significant
leakage, so it should be used only with the aid of a matrix [25]. A study
by Francesco Mannocci et al., showed that IRM leaked significantly
less than amalgam when used for repair of experimentally induced
lateral perforations [26].
When Amalgam, IRM and a mineral trioxide aggregate were tested
for repair of experimentally created root perforations, the results
showed that the mineral trioxide aggregate had significantly less
leakage than IRM or amalgam [27].

GUTTAPERCHA
Introduced by Bowman in 1867. Guttapercha is the most commonly
used core material in endodontics. When used for repair of
perforation Lantz and Persson reported that gutta-percha resulted
in lesser inflammation than zinc phosphate cement or amalgam
[28,29]. However, Benenati et al., concluded that Gutta-percha
repairs failed more often than amalgam repairs [16].

CAVIT
Cavit is a pre-mixed polyvinyl paste that does not contain eugenol
[30]. Due to its properties such as ease of manipulation and adequate
sealing ability, it was preferred to fill endodontic perforation [31].
It was reported that Cavit produced a seal superior to zinc oxide
eugenol cement, zinc phosphate cement, gutta-percha, or temporary
stopping and equal to amalgam [32]. Widerman et al., stated that
Cavit did not inhibit the healing of lesions at the site of a perforation,
nor was there significant likelihood of a lesion developing adjacent
to a perforation filled with Cavit when no lesion was present there
initially [31].

Glassionomer Cement
It is a powder liquid system. Powder is composed of silica, alumina,
aluminium fluoride, calcium fluoride, sodium fluoride, aluminium
phosphate and liquid consisting of polyacrylic acid, tartaric acid and
water. When used as perforation repair material, Alhadainy and Himel
found that light-cured glass ionomer cement exhibited a better seal
than amalgam or Cavit when used for furcation perforations repair
[33]. A subsequent study suggested that light-cured glass ionomer
cement has superior sealing ability compared to chemically cured
glass ionomer cement [34].
In another study, James et al., concluded that there was no
significant difference in the mean extent of dye leakage among
the three groups that is light-cured glass ionomer cement, calcium
phosphate cement, or light-cured glass ionomer cement placed
over a Calcium Phosphate Cement matrix when used for perforation
repair [35]. Overall it is shown that Glass Ionomer Cement exhibits
a greater sealing potential than conventional materials due to its
adhesion property.

METAL-MODIFIED GLASSIONOMER CEMENTS
Silver glass-ionomer cement is a product of sintering pure silver
to aluminosilicate. It has the properties like bonding to dentin,
radiopacity, rapid set and ease of delivery. Due to these properties it
has also been used for perforation repair [24].
Zvi Fuss et al., evaluated the sealing ability of silver glass ionomer
cement (Chelon silver) in treating furcation perforations in vitro and
compared it with amalgam. Results have shown that perforations
repaired with Chelon Silver leaked significantly less than those
Journal of Clinical and Diagnostic Research. 2015 Sep, Vol-9(9): ZE09-ZE13

www.jcdr.net

repaired with amalgam and their leakage was lower than that of the
intact pulp chamber group though this difference was not significant.
[36]. Studies found that resin-modified glass ionomer cement
provided a better seal than amalgam or Cavit [20,26,33] and was
superior to the conventional, chemically set glass ionomer cement
and composite resin when used to seal furcation perforations [17].

COMPOSITE
Bisfil 2B a self-curing hybrid composite had been tried as
perforation repair material. Bisfil had shown better sealing ability
than amalgam and Intermediate Restorative Material when used for
lateral perforation repair. However, the drawback of this material is
it had shown highest rate of overfilling when used to repair lateral
perforations [26].

Dentin Chips
It is used as matrix in repair of perforation defects. Petersson et al.,
used dentin chips as matrices under AH26 for obturating perforation
defects. They reported periodontal pocket formation apical to the
perforation regardless of the technique used [37].

Decalcified Freezed Dried Bone (DFDB)
DFDB chips are biocompatible, relatively nontoxic, easy to obtain,
easy to use, relatively inexpensive, easy to manipulate, completely
degrades during the repair process and acts as an excellent barrier
against which filling material could be placed. When packed into the
bony defect they mix with the blood present and "weld" together
into a solid mass to completely fill the defect [13].
In a study by Hartwell et al., he found both positive and negative
findings associated with the use of DFDB as a perforation repair
material. The positives include the excellent clinical and radiographic
findings at the end of 6 months. All teeth exhibited normal appearing
periodontal soft tissues, absence of any periodontal pockets or
furcation defects and absence of inflammation in 85% of samples.
The negative findings included absence of new bone formation and
epithelial growth in all specimens [13].

CALCIUM PHOSPHATE CEMENT (CPC)
Calcium phosphate cement (CPC) is a mixture of two calcium
phosphate compounds of which one is acidic that may be either
dicalcium phosphate dehydrate {CaHPO4"2H20}, or anhydrous
dicalcium phosphate {CaHPO4}, and the other basic tetra calcium
phosphate {Ca4(PO4)}2 . Water is used as a vehicle for dissolution
of the reactants and precipitation of the product [35]. The setting
reaction is
Ca4(PO4)2 + CaHPO4• 2H20----->Ca5(PO4)3OH+ 2H20
Where the end-product is hydroxyapatite. Calcium phosphate
cement is shown to be highly compatible with hard and soft tissues,
and is replaced by bone via osteoconduction and concurrent
cement absorption.
In a study by James et al., Calcium phosphate cement showed
no significant differences in the percent leakage or perforation
depth when compared with light-cure glass ionomer cement,
however, extrusion of Calcium Phosphate Cement was noted in all
specimens while glass ionomer cement exhibited no extrusion [35].
The tricalcium phosphate was very inert, never being associated
with inflammatory cells or necrotic bone when used subjacent to the
defect in bone marrow spaces [38].

TRICALCIUM PHOSPHATE
Tricalcium phosphate consist of biodegradable ceramic (Synthograft)
and had shown a very promising application in periodontal therapy
because they are compatible with periodontal tissues. When used
as perforation repair material tricalcium phosphate showed evidence
of healing by the presence of layers of epithelium, collagen, and
Journal of Clinical and Diagnostic Research. 2015 Sep, Vol-9(9): ZE09-ZE13
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bone, with few inflammatory cells at the perforation site [38] but
the degree of inflammation it caused was greater than Amalgam,
hydroxyapatite and less than calcium hydroxide [38,39].

HYDROXYAPATITE
It can be used both as an internal matrix and as a direct perforation
repair material. When used as furcation perforation repair material
has shown to reconstruct furcation bone loss due to iatrogenic root
perforation [40]. When used as an internal matrix to prevent the
extrusion of materials such as amalgam or glassionomer acts as
a stable matrix supporting the repair material that is going to be
placed subsequently [18].

CALCIUM HYDROXIDE
Since its introduction by Herman in 1920’s, it was used for a wide
range of purposes in both conservative field and endodontics. It is a
substance that is biologically compatible with pulpal and periodontal
tissues. By composition calcium hydroxide consists of a base paste
and catalyst paste.
Base paste consists of 1-methyl trimethyl enedisalicylate, Calcium
sulphate, Titanium dioxide, Calcium tungstate orbarium sulphate
and Catalyst paste consists of Calcium hydroxide, Zinc oxide, Zinc
stearate, Ethylene toluene, Sulphonamide.
P Bogaerts et al., used calcium hydroxide as matrix and Super EBA
as the material for perforation repair. It lead to good clinical results
with positive outcome [41]. In another study by Clovis Monteiro
Bramante et al., specimens dressed with calcium hydroxide paste
plus iodoform for perforation repair showed necrosis at the site of
perforation and different levels of cementum hyperplasia [21].

PORTLAND CEMENT
Portland cement was invented and patented by Koseph Aspdinin
1824 in England. It is the most common type of cement in use
around the world composed of tricalcium silicate, dicalcium silicate,
tricalcium aluminate, tetra calcium alumino ferrate and hydrated
calcium sulfate [42]. It induces bone and cementum formation when
used as perforation repair material but does not provide a fluid tight
seal [42]. In a study by Shahriar S et al., Portland cement showed
better sealing ability than MTA when used for furcal perforation
repair [43].

Mineral Trioxide Aggregate
Mineral trioxide aggregate is commonly employed material with
wide range of uses. Since its introduction by Mahmoud Torabinejad
in 1992 it gained a wide role and emerged as a widely accepted
material for various purposes.
MTA consists of fine hydrophilic particles of Tricalcium silicate,
Tricalcium aluminate, Tricalcium oxide, Silicate oxide, calcium
sulphate dihydrate, tetracalcium aluminoferrite and small amounts
of mineral oxides (bismuthoxide) [44]. It has a mean setting time
of 165±5 minutes [45]. MTA stimulates cementoblasts to produce
matrix for cementum formation and is biocompatible with the
periradicular tissues thus shows a superior sealing ability when
used for perforation repair [46].
When Amalgam, IRM and mineral trioxide aggregate were tested for
repair of experimentally created root perforations; results showed
that the MTA had significantly less leakage than IRM or amalgam
[27]. According to Weldon JK et al., the combination of MTA and
Super-EBA provided a more rapid seal than MTA alone [23].

BIODENTINE
Biodentine is a calcium silicate-based bioactive material. It is a
powder liquid system, powder composed of Tri-calcium silicate, Dicalcium silicate, Calcium carbonate and oxide, Iron oxide, Zirconium
oxide. Liquid consist of Calcium chloride, Hydro soluble polymer.
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It is easy to handle owing to its ease of manipulation and a short
setting time approximately 12 minutes, has high alkaline pH and is a
biocompatible material makes it a favourable material for perforation
repair [47,48]. In a study by Guneser et al.,, Biodentine showed
considerable performance as a perforation repair material even after
being exposed to various endodontic irrigants as compared to MTA
[49].

ENDOSEQUENCE
EndoSequence is a bioceramic material. Bioceramics refers to
the combination of calcium silicate and calcium phosphate. It is
composed of calcium silicates, zirconium oxide, tantalumoxide,
calcium phosphate monobasic and filler agents. It has a working
time of more than 30 minutes and a setting reaction initiated by
moisture with a final set achieved in approximately 4 hours. It is
produced with nanosphere particles that allow the material to enter
into the dentinal tubules and interact with the moisture present in
the dentin. This creates a mechanical bond on setting and renders
the material with exceptional dimensional stability, along with this
the material has superior biocompatibility characteristics due to its
high pH [50,51].
Endosequence root repair material simulates tissue fluid, phosphate
buffered saline and results in precipitation of apatite crystals that
become larger with increasing immersion times concluding it to be
bioactive [52]. In a study by Jeevani et al., Endosequence showed
better sealing ability when compared to MTA and Biodentine as
furcation repair materials [53].

BIOAGGREGATE
Bioaggregate is a bioceramic material composed of tricalcium
silicate, dicalcium silicate, calcium phosphate monobasic,
amorphous silicon di oxide and tantalumpent oxide [54]. It induces
mineralized tissue formation and precipitation of apatite crystals
that become larger with increasing immersion time ssuggesting it
to be bioactive [52]. It has comparable biocompatibility and sealing
ability to MTA [54]. In a study by Hashem et al., concluded that MTA
is more influenced by acidic pH than Bioaggregate when used as
perforation repair material [55].

NEW ENDODONTIC CEMENT
“New endodontic cement (NEC)” a bioactive material consisting of
different calcium compounds was later termed as Calcium Enriched
Mixture (CEM). It is composed of calcium oxide, calcium phosphate,
calcium carbonate, calcium silicate, calcium sulfate, calcium
hydroxide, and calcium chloride [56]. It has a setting time of less
than 1 hour and sets in aqueous medium [57].
It is composed of different calcium compounds, it produces greater
amount of calcium and phosphate ions which most likely forms
hydroxyapatite in higher concentrations and this would make CEM
cement preferable as a furcal perforation repair material in close
proximity to the exposed periodontium [56]. Asgary et al., observed
cementogenesis and periodontal regeneration when CEM was used
as perforation repair material [58].

CONCLUSION
Perforation repair is a frustrating problem to the dentist. So through
idea regarding its restorability is essential which includes knowledge
of site, size, time of perforation and various materials used.
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ABSTRACT
A 12-year-old girl reported for a routine dental checkup. Radiographic survey disclosed the presence of two developing structures
resembling premolars one on either side of the mandible in premolar region, which were of supplemental type and surgical removal of
supernumerary premolars facilitated eruption of the left second premolar. On six months follow-up, there was radiographic evidence
of another supernumerary premolar in the left side of mandible that is left in situ, patient is on regular follow-up. This emphasizes the
importance of thorough clinical and radiographic examination, early diagnosis and follow-up of the developing dentition in children. The
patient has been followed-up from the age of 12 year to 17 year. This paper describes a case of recurrent supplemental supernumerary
premolars in the mandible along with review of literature.

Keywords: Delayed formation, Failure of eruption, Mandibular supernumeraries, Recurrent supplemental premolars

CASE REPORT
A 12-year-old girl reported for a routine dental checkup to the
Department of Paediatric Dentistry in September 2007. Her family
and medical history were not relevant. General and extra oral
examination did not show any abnormalities. Intraoral examination
revealed mixed dentition with Angle’s class I molar relationship.
The patient had good oral hygiene and retained primary molars in all
four quadrants. Orthopantomograph (OPG) disclosed the presence
of two developing tooth like structures one on either side of the
mandible; on the left side it was located between permanent canine
and the mesial root of mandibular primary first molar whereas on
the right side a crypt was found between the distal root of primary
second molar and mesial root of first permanent molar [Table/
Fig-1]. The patient and her mother were informed about them and
counseled accordingly.
One and half year later in February 2009, the patient returned with
a complaint of unerupted posterior teeth in the left lower side of
the jaw. The patient was in mixed dentition stage, with retained
left mandibular first primary molar [Table/Fig-2]. At this stage,
OPG revealed two distinct calcified structures resembling crowns
of mandibular premolars. On the left side of the mandible the
developing supplemental premolar was present between the first
premolar and canine region which was not only hampering the
eruption of the first premolar but also was in close proximity to
the root of permanent canine. On the right side, it was located in
between the second premolar and the first permanent molar [Table/
Fig-2]. A decision was made to keep the right sided supplemental
premolar under observation after weighing the risk to benefit
ratio as the tooth bud was not sufficiently calcified, the removal
of which could cause damage to the root of the first permanent
molar. After routine hematological investigations, surgical removal of
supplemental premolar on the left side was carried out [Table/Fig-3].
After an 8 months interval, in November 2010 surgical extraction of
supernumerary premolar was performed on the right side [Table/
Fig-4]. The postoperative period remained uneventful.
Six months later in May 2011, on examination premolar on the left
side had erupted to the satisfaction of the patient [Table/Fig-5].
Subsequent OPG taken in December 2013 at 17 years of age showed
all permanent teeth as well as early crown formation of another
4

[Table/Fig-1]: Orthopantomograph (OPG) at age 12 with calcified structure
between 33 & 74 and presence of crypt between 46 & 85

[Table/Fig-2]: OPG at age 14 with supplemental premolars between 33 & 34 and
45 & 46

supernumerary tooth between the lower left first permanent molar
and second premolar [Table/Fig-6]. It was decided to periodically
observe this recurrent supplemental tooth and radiographically
review the patient for further treatment.

DISCUSSION
Supernumerary teeth are described as those in excess when
compared to the normal dental formula [1]. The incidence of super
numerary premolars is reported to be 1 in 10,000 individuals [2].
Grahnen reported that mandibular premolar supernumeraries occur
in 0.29% of the general population. They have been reported to
represent 6.6 to 14% of all supernumeraries [3].
Single supernumerary premolar may occur in 76-86% of cases,
double supernumeraries in 12-23% of cases and multiple super
Journal of Clinical and Diagnostic Research. 2015 Feb, Vol-9(2): ZD04-ZD06
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numeraries in less than 1% of cases [1] and the present case
showed three supernumerary teeth.
Cases of late developing supernumerary teeth have been reported
scarcely in the literature [2,3]. Among 48,550 subjects, supplemental
premolars were present in 10% of cases with 79% in mandible and
the findings of present case were in accordance with the reported
literature. They may develop approximately 7-12 year after normal
development [2].
The exact etiology of hyperdontia is obscure and they may form
from independent, locally conditioned hyperactivity of the dental
lamina [4]. The supplemental form would come from the lingual
extensions of the accessory tooth bud, whereas the rudimentary
form would be derived from proliferation of the epithelial remnants
of the dental lamina induced by dentition pressure which was most
widely accepted [5].
[Table/Fig-3]: Surgical exposure of the supplemental premolar on the left side of
mandible;
Enucleated supplemental tooth bud on left side of the mandible

[Table/Fig-4]: Surgical exposure of the supplemental premolar on the right side
of the mandible;
Enucleated supplemental tooth bud on right side of the mandible

Parry [6] reported only one case of a supernumerary mandibular
premolar (0.05%) among 2000 patients aged 16-26 year. The
present case is in accordance with the radiographic evidence of
late forming mandibular supernumerary premolar [7]. The majority
of supplemental teeth in the permanent dentition develop later than
the norm for teeth in that particular area.
It is difficult to determine exactly when a supernumerary premolar
starts to form because of its lingual position which makes detection
difficult on routine radiographs. Scott stated that the calcification
of premolar teeth commences between 1.5 year and 2.5 year of
age, although there may be no radiographic evidence of this until
3 or 4 year. But, it has been reported that supplemental premolars
develop approximately 7 to 11 year after normal tooth development.
The time of initial supplemental premolar mineralization could be
determined within two years [8].
In the present case the supplemental teeth were detected on sequ
ential conventional radiographs. But, they may not provide adequate
information regarding the three dimensional relation of tooth to
the adjacent structures. Hence, Computed Tomography (CT) can
be used to provide more useful information than conventional
radiographs to evaluate the root relationships of supernumerary
teeth to the permanent teeth [9].
According to Primosch [10], the supernumerary teeth in our case
resembled supplemental teeth. The frequent complications asso
ciated with the presence of supernumerary premolars are delayed
eruption of permanent teeth, root resorption of adjacent teeth and
dentigerous cyst [11]. In the present case, supplemental premolar
hindered the eruption of lower left first premolar. In addition, several
studies have reported the recurrence of supernumerary premolars
after surgical removal. A possible mechanism for recurrence is that
the crypts of additional supernumerary premolars were present
earlier, but were not detected in the original radiographs [12].

[Table/Fig-5]: Intra-oral picture showing erupted premolars on either side of the
mandible

Whenever a supernumerary tooth is diagnosed, the long term
possibility of the progressive and delayed appearance of further
supernumeraries should be considered. However, as these cases
are uncommon, no guidelines for follow up have been developed.
An appropriate time to carry out an OPG may be between the
age of 16 y and 18 year, coinciding with the examination of the third
molar.
In subsequent follow-up visits, surgical removal of supplemental
premolars in mandible may be associated with recurrent tooth
formation. A review of cases exhibiting this characteristic recurrence
have been detailed in [Table/Fig-7].

[Table/Fig-6]: OPG of the patient at age 17, showing recurrent supernumerary
premolar between 45 & 46
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In general, extraction of supernumerary premolars is the recom
mended treatment of choice but the time of surgical removal is
controversial. If supernumerary teeth are close to the inferior alveolar
nerve, increasing the risk of surgery, the teeth should be left in situ
and monitored clinically and radiographically. King, Lee [13] reported
that supernumerary premolars should be left in situ until further
development which allows for uncomplicated surgery with less
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[Table/Fig-7]: Characteristics of cases presented with recurrent supplemental premolars in chronological order

damage to roots and adjacent structures. Therefore, it was decided
to observe and to review the patient after the third supernumerary
tooth was detected.
When dealing with unerupted supernumerary teeth, we should
understand that each case must be thoroughly planned with a
multidisciplinary team (Paediatric Dentist, Orthodontist and Oral
Surgeon) and the decision should be made whether to go for
extraction or wait and watch. Evaluative monitoring should be done
from this interdisciplinary point of view.

CONCLUSION
From a clinical standpoint, the early detection of supernumerary
premolars is essential to prevent onset of complications in children.
Although, the occurrence of recurrent supplemental premolars is
relatively infrequent, they should be followed up routinely. However,
due to their clinically unapparent development, an OPG during
mixed dentition is indispensable.
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Comparison of effectiveness of
abrasive and enzymatic action of
whitening toothpastes in removal
of extrinsic stains – a clinical trial
Abstract: Objective: To compare the effectiveness of abrasive
component (perlite/calcium carbonate) and enzymatic component
(papain and bromelain) of whitening toothpaste in removal of extrinsic
stains. Methods: This study is a randomized, triple blind and parallel
group study in which 90 subjects aged 18–40 years were included. At
baseline, stains scores were assessed by Macpherson’s modification
of Lobene Stain Index and subjects were randomly assigned to two
groups with 45 subjects in each. Group 1 used whitening toothpaste
with enzymatic action and group 2 with abrasive action. After
1 month, stain scores were assessed for the effectiveness of the two
toothpastes and 2 months later to check the stain prevention efficacy.
Wilcoxson’s test was used to compare between baseline 1 and
2 months stain scores, and Mann–Witney U-test was applied for
intragroup comparison. Results: The mean baseline total stain score
for the subjects allocated to the enzymatic toothpaste was
37.24  2.11 which reduced to 30.77  2.48 in 1 month, and for the
abrasive paste, total stain reduced from 35.08  2.96 to
32.89  1.95. The reductions in total stain scores with both the pastes
were significant compared with baseline stain scores (at 1 month
Group 1, P = 0.0233 and Group 2, P = 0.0324; at 2 months, Group 1
P = 0.0356). Both the toothpastes proved to be equally good in
removal of extrinsic stains; however, the enzymatic paste showed
better results as compared to abrasive toothpaste. Conclusion:
Whitening toothpaste with abrasive action and enzymatic action are
equally effective in removal of extrinsic stains; however, whitening
toothpaste with abrasive action needs to be used with caution.
Key words: bromelain; Macpherson’s Lobene stain index; papain;
perlite; whitening toothpaste
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Introduction
Aesthetic dentistry including tooth whitening continues to be expanding
areas of interest that has been fuelled by the consumers demand for both
healthy and cosmetically attractive smiles (1). The requirement for aesthetic
benefits is highlighted by the various products for tooth whitening in the oral
care market (2). They are based on optimized abrasive technology to remove
and control extrinsic stains which forms in the acquired pellicle (3).
Extrinsic stains form naturally on the tooth surface when chromagens
from dietary sources (e.g. tannins from tea, coffee, red wine) or habits
(e.g. tar from smoking) are incorporated into the salivary pellicle (4).
Int J Dent Hygiene |
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Other factors, such as poor oral hygiene technique and the
ability of a dentifrice to control stain by removal or prevention,
also influence the accumulation of natural stains (5).
An important part of the evaluation process for whitening
toothpaste is determining its clinical efficacy in terms of
removing extrinsic tooth stains (6). Overall, the cleaning process is affected by the hardness, size, shape and concentration
of the particles and the pressure used in brushing the teeth.
The key components in current toothpastes for cleaning teeth
by a process termed abrasion include hydrated silica, calcium
carbonate, perlite, dicalcium phosphate dihydrate and sodium
bicarbonate (7).
In the dental profession, some degree of abrasivity must be
tolerated in a toothpaste if satisfactory cleansing of the teeth is
to be achieved (8, 9). The International Standard Organisation
(ISO) has set dentine abrasivity maximum, that is, Relative
Dentine Abrasivity (RDA) not to exceed 250 (10, 11). Usually
whitening toothpastes have medium (RDA – 60–100) or high
(RDA > 100) abrasivity (12).
Joiner et al. in a 6-month in situ study to know enamel or
dentine wear by the abrasive tooth paste found that perlite an
abrasive was more effective in stain removal and prevention
than standard silica toothpaste. In addition, the enamel wear
was below clinically relevant values (13–15). Hence, in this
study, the abrasive action toothpaste containing perlite was
selected.
Tooth whitening can be achieved by various non-abrading
whitening agents. Alternative component in whitening toothpastes can be the one with protective agent such as polyvinylpyrrolidone or detergent such as sodium lauryl sulphate or the
recently evolved agent with optical properties – blue covarine
(16). Natural enzyme extract from the plants has been incorporated in whitening toothpaste recently. One such enzymatic
action whitening toothpaste that has natural proteolytic
enzymes such as papain and bromelain is considered in this
study. Papain is sufhydryl protease derived from Carica papaya,
which is a proteolytic enzyme that breaks down protein pellicle on tooth surface. Bromelain from Ananas cormosus also is a
proteolytic enzyme and offers anti-adhesive action on oral
microorganisms (17). With this background, this study aimed
at comparing the effectiveness of whitening toothpaste with
commercially available abrasive component – perlite and enzymatic components – papain and bromelain in extrinsic stain
removal.

Study population and methodology
Study population

This study was a triple blind randomized clinical trial conducted in the department of Public Health Dentistry of KLE
VK Institute of Dental Sciences between June and September
2012. The subjects were males and females in the age group
of 15–40 years who met the inclusion and exclusion criteria.
The study consisted of 90 healthy individuals, who had at
least 20 teeth including eight natural anterior teeth (incisors
2

| Int J Dent Hygiene

and canines) assessable for extrinsic stains (5). Subjects with
anterior facial tooth restorations, with fixed orthodontic appliances and not willing to quit tobacco-related habits were
excluded. All the subjects who were willing to participate
signed the written informed consent. Ethical clearance was
obtained from Institution Review Board of KLE University
after the approval of study protocol, information pro forma and
informed consent.
Selection criteria and procedure

At the first visit, an oral hard and soft tissue examination was
carried out in the department of Public Health Dentistry. A
trained examiner with the help of recording clerk recorded the
stains scores as per the Macpherson modified Lobene Stain
Index which was the baseline scores (18). Each tooth was
divided into four areas for assessment: gingival, mesial, distal
and body. The stain index measured area and intensity of
extrinsic tooth stain on the facial surfaces of the anterior teeth.
Five percentage of the subjects were re-examined to assess
intra-examiner reproducibility, and the proportion of agreement was shown to be over 81%. To qualify for participation
in the study, subjects were required to have a total stain score
from 1.0 to 3.0.
Intervention

Ninety subjects who met the inclusion and exclusion criteria
were randomized to two groups by lottery method with 45
subjects in each. The toothpastes were supplied to the study
population in identical white 75 g tubes with the product
codes as Toothpaste 1 and Toothpaste 2. Group 1 subjects
received the whitening toothpaste 1 with enzymatic action
(Glodent, Group Pharma; Meher Distributors Pvt. Ltd. Mumbai, India), and whitening toothpaste 2 with abrasive action
toothpaste with perlite/hydrated silica (Pepsodent Whitening,
Hindustan Unilever limited., Mumbai) was used by Group 2
subjects. Subjects were taught the proper brushing technique
and were instructed to brush their teeth twice daily (morning
and evening) for at least 1 min using respective toothpaste.
Subjects were advised to refrain from other oral hygiene procedures and oral prophylaxis until the study was completed. To
maintain uniformity, medium bristles toothbrushes were provided to all subjects. After the subjects had used the respective toothpastes for 1 month, re-evaluation of the stains was
performed and the data were recorded.
After this period, the subjects discontinued the study toothpastes and switched to their regular toothpaste. To check the
stain prevention efficacy or recurrence of extrinsic stain on the
tooth surfaces, stain scores were assessed once again after
2 months.
Data collection

The structured pro forma was used to collect the information
regarding the subjects’ socio-demographic characteristics,
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dentition status, stain scores at baseline, 1 and 2 months,
respectively. The investigator, subjects and the statistician
were blinded about the two toothpastes.

Table 2. Comparison of stain scores of study subjects in Group
1 and Group 2 with respect to baseline, 1- and 2-month stain
scores by Mann–Whitney U-test
Variable

Group

Mean

SD

Statistical analysis

Baseline

Data analysis was performed using STATISTICAL PACKAGE FOR
SOCIAL SCIENCE (Version 17; SPSS Inc., Raleigh, NC, USA).
For all analyses, the level of statistical significance was
P < 0.05.
Data pertaining to stain scores were collected at baseline,
1- and 2-month intervals. In this study, although the sample
size was more than 30, the variables did not follow normal
distribution; hence, statistical analysis was performed using
nonparametric tests such as Mann–Whitney U-test and Wilcoxon matched-pairs test by ranks. Mann–Whitney U-test was
used to assess the intergroup comparison of the stain scores
between Group 1 and Group 2 at baseline, 1 and 2 months.
Wilcoxon matched-pairs test by ranks was applied to assess
the intragroup comparison or two-sample designs involving
‘before’ and ‘after’ measures.

1 month

1
2
1
2
1
2

37.24
35.08
30.77
32.89
34.73
35.53

2.11
2.96
2.48
1.95
2.51
2.01

Results
Of the total of 90 subjects, 45 subjects of Group 1 comprised
of 37.78% males and 62.22% female subjects and among 45
subjects of Group 2, 47.78% were males and 52.22% were
females as seen in Table 1.
Baseline data

The mean baseline stain score for the subjects using enzymatic toothpaste was 37.24  2.11, while the mean total stain
score for subjects using the abrasive toothpaste 35.08  2.96.
The difference between the two was not statistically significant. In addition, the comparison of the stain scores between
groups at 1 and 2 months showed no significant difference
(Table 2).
1-month data

Mean stain score for the subjects using enzymatic toothpaste
was 30.77  2.48 and 32.89  1.95 for abrasive toothpaste
after 1-month use. The reduction in mean stain scores
observed for the enzymatic toothpaste, after 1 month of brushing was by 6.47 units and abrasive toothpaste reduced by
2.19 units. Both of these reductions in mean stain scores were

2 months

Z-value

P-value

0.9845

0.3249

1.0854

0.2778

1.363

0.173

P < 0.05 was statistically significant.

statistically significant compared with baseline (P < 0.001), as
seen in Table 3.
2-month data

After the subjects switched back to their regular toothpaste
and continued to use it, the scores were 34.73  2.51 and
34.58  2.01 for enzymatic toothpaste and abrasive groups
respectively. The difference in the mean stain scores after
2 months was statistically significant only for the enzymatic
toothpaste from the baseline scores (Table 3).

Discussion
The effectiveness of any new whitening toothpaste can be
evaluated by several methods: Removal of induced stain, prevention of induced stains, removal of pre-existing/natural
stains or prevention of natural stain build-up (5). This study
intended to compare the effectiveness of the two whitening
toothpastes with different mechanisms (enzymatic and abrasive) in removal of pre-existing stains and prevention of natural stain build-up. The whitening effect in the enzymatic
toothpaste (free of abrasives) was due to the proteolytic
enzymes and in the abrasive toothpaste due to the hydrated
silica (RDA – 96) (19).
In this study, it was observed that the enzymatic paste
reduced the naturally occurring stains more efficiently than the

Table 3. Comparison of baseline, 1- and 2-month stain scores
in subjects in Group 1 and Group 2 by Wilcoxon matched-pairs
test by ranks
Group

Treatment

Mean

Standard
deviation

Mean
diff.

P-value

1

Baseline
1 month
Baseline
1 month
Baseline
2 month
Baseline
2 month

37.24
30.77
35.08
32.89
37.24
34.73
35.08
34.58

2.11
2.48
2.96
1.95
2.11
2.51
2.96
2.01

6.47

0.0233*

2.19

0.0324*

2.51

0.0356*

0.5

0.0535

Table 1. Distribution of the study subjects in Group 1 and
Group 2

2

Sex

Group 1

Percentage

Group 2

Percentage

1

Male
Female
Total

17
28
45

37.78
62.22
100.00

19
26
45

47.78
52.22
100.00

2

*P < 0.05 was statistically significant.
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abrasive paste, although not statistically significant. Abrasive
action whitening toothpaste with the toothbrush bristles
remove the outer stained plaque, but do not change the colour
of the teeth. The problem with this is that the abrasive substances are effective only in places which can be reached by
the toothbrush bristles. Hence, the effect is very slight on
proximal surfaces and near the gum lines, as well as with compressed teeth (20). Whitening toothpaste with abrading action
can be advised not more than 4 weeks, for safety of the
enamel and dentine. Studies by various authors have led to
results that abrasive whitening toothpastes can be effective
between 2 and 4 weeks (9). Collins et al. and Koertge et al.
showed that the calcium carbonate/perlite abrasive system significantly reduces stain over the relatively short time scale of
2 weeks (5, 21). However, Putt et al. (22) showed that a low
abrasive, dual-phase, sodium bicarbonate toothpaste did not
remove significantly more tooth stain after 2 weeks of brushing
compared with a commercially available regular toothpaste,
and significance was only obtained after 4 and 6 weeks of
brushing.
However, abrasive toothpastes are known to cause some
amount of dental tissue wear. Hence, to overcome this effect,
enzymatic whitening toothpaste was considered in this study.
To evaluate the effectiveness of enzymatic toothpaste, proteolytic enzymes such as papain and bromelain belonging to the
group of proteases were considered (23). Most of the stain
molecules are included in the pellicle, which contains protein.
Therefore, enzymes such as protease and papain create a whitening effect. In recent in vitro study, there was significant
stain removal reported with new whitening dentifrice containing papain and bromelain when compared with control (24).
Enzymatic action whitening toothpastes affects all locations
where the toothpaste penetrates including proximal surfaces
and near gum lines which are difficult to reach with a toothbrush (8).
Papain and Bromelain hydrolyse the pellicle, and thereby
preventing the bacteria and stain accumulation on the tooth
surfaces (25, 26). Papain (C. papaya) is also considered a chemical debridement agent, which helps in the healing process
and acts as an anti-inflammatory agent (27). It has not been
shown to be cytotoxic and is biocompatible with oral tissues.
The toothpaste that contains papain conveniently has a pH
near to neutral, that is to say, approximately 7, with a view to
guaranteeing the activity of the enzyme without demineralizing the enamel (28). Bromelain is derived from the ripe and
unripe fruit, as well as stem and leaves of pineapple (Ananas
comosus). Surface stains stick to the pellicle first, so Bromelain
helps break down the protein pellicle on the tooth surface.
Thus, for those patients with dentinal hypersensitivity where
abrasive pastes are contraindicated, enzymatic whitening toothpaste is the best alternative for teeth whitening.
In the current study, it was also found that the enzymatic
paste had a residual tooth whitening effect better than the
abrasive paste as the stain scores after 2 months was significantly less compared with baseline scores (Table 2). The
effect could be attributed to the antibacterial and the
4
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proteolytic action of the enzymatic toothpaste. This study concludes that natural enzymes such as papain and bromelain
used in whitening toothpaste are effective in removing extrinsic tooth stains as compared to much established abrasive
whitening toothpaste systems although not statistically significant. Conditions in which abrasive action toothpaste are contraindicated enzymatic action toothpaste can be used without
the fear of enamel and/or dentin wear. However, studies
related to the effect of these enzymes on oral health are sparse
and research with an in-depth understanding of these enzymes
is entailed.

Clinical relevance
Scientiﬁc rationale

Scientific rational: Whitening toothpaste products are sold as
‘over the counter products’ and have no professional involvement to choose the right one. Consumers look for brand name
and not the content of the product.
Principal ﬁndings

The enzymatic whitening toothpaste has a better stain removal
property and also prevents the occurrence of the stains as compared to abrasive action toothpaste although not statistically
significant.
Practical implications

Practical implications: For maximum effect and minimal side
effects, consumers should look for enzymatic action whitening
toothpaste which is equally effective as the abrasive action
ones.
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ABSTRACT

ÖZ

Objective: Lichen planus and lichenoid lesions affecting the oral
cavity show similar clinico-pathological features creating a diagnostic
dilemma. Hence, the aim of the present study was to establish a
clinical and histopathological correlation in the diagnosis of oral
lichen planus, based on the modified WHO diagnostic criteria of oral
lichen planus and oral lichenoid lesions proposed by Van der Meij
and Van der Waal in 2003.

Amaç: Oral kaviteyi tutan liken planus ve likenoid lezyonlar, tanı
zorluğu yaratan benzer klinikopatolojik özellikler gösterirler.
Bundan dolayı, bu çalışmada 2003 yılında Van der Meij ve Van
der Waal tarafından önerilen oral liken planus ve oral likenoid
lezyonlarda modifiye WHO tanı kriterleri temel alınarak oral liken
planus tanısında geçerli olacak klinik ve histopatolojik korelasyonu
saptamak amaçlanmıştır.

Material and Method: In the present study, 100 cases of oral lichen
planus were clinically and histopathologically analyzed. Out of the 100
cases, 50 were prospective and 50 were retrospective cases. Prospective
cases were collected based on the clinical diagnosis of oral lichen
planus and oral lichenoid lesion. Retrospective cases were collected
based on the histopathological diagnosis of oral lichen planus. Both
the clinical and histopathological analyses were performed based on a
proposal for a set of modified diagnostic criteria of oral lichen planus
and oral lichenoid lesion. A final diagnosis of oral lichen planus was
made only after the correlation of the clinical diagnosis with the
histopathological diagnosis.

Gereç ve Yöntem: Bu çalışmada, 50’si prospektif, 50’si retrospektif
olmak üzere 100 oral liken planus olgusu klinik ve histopatolojik
olarak değerlendirilmiştir. Prospektif olgular, oral liken planus
ve oral likenoid lezyon klinik tanısına dayanarak toplanmıştır.
Retrospektif olgular ise histopatolojik olarak oral liken planus tanısı
almış olgulardan seçilmiştir. Olgular, oral liken planus ve likenoid
lezyonlar için önerilen modifiye tanı kriterleri temel alınarak hem
klinik hem histopatolojik olarak değerlendirilmiştir. Oral liken
planus son tanısına, sadece klinik ve histopatolojik tanı korelasyonu
elde edildikten sonra varılmıştır.

Results: The interobserver agreement among three observers for
both prospective and retrospective cases in the final diagnosis of oral
lichen planus was found to be “good” to “very good” indicating high
reproducibility. However, the final diagnoses of true oral lichen planus
after clinico-pathological correlation in prospective and retrospective
study groups appeared to be 38.0% and 54.0% respectively.
Conclusion: The results of the present study revealed mild to
moderate clinico-pathological correlation in the final diagnosis of
oral lichen planus for the prospective and retrospective study groups
respectively.
Key Words: Oral lichen planus, Mouth diseases, Reproducibility of
findings
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Bulgular: Son tanısı oral liken planus olan olgularda hem prospektif
hem de retrospektif olgular için üç gözlemcinin gözlemciler arası
görüş birliği, yüksek tekrarlanabilirliği işaret eden “iyi” ve “çok iyi”
bulunmuştur. Yine de, prospektif ve retrospektif çalışma gruplarında
klinikopatolojik korelasyon sonucunda gerçek oral liken planus son
tanısı sırasıyla %38.0 ve %54.0 olarak gözlenmiştir.
Sonuç: Sonuçlar, oral liken planus son tanısında klinikopatolojik korelasyonun prospektif çalışma grubunda hafif, retrospektif çalışma
grubunda orta derecede olduğunu göstermiştir.
Anahtar Sözcükler: Oral liken planus, Ağız hastalıkları, Bulguların
tekrarlanabilirliği
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Introduction
Oral Lichen Planus (OLP) is a chronic inflammatory
disorder affecting the stratified squamous epithelium (1).
The disease is relatively common, affecting approximately
two percent of the total population and constitutes nine
percent of all the white lesions of the oral cavity (2). Oral
Lichen Planus can be present anywhere in the oral cavity
and is almost invariably a bilateral disease on the buccal
mucosa. Present trends classify OLP into three major
clinical presentations as reticular, erosive/erythematous,
and ulcerative (3).
Oral Lichen Planus and Oral Lichenoid lesions (OLL)
pose a major diagnostic problem since their clinical
and histopathological features overlap with each other.
Distinguishing OLP and OLL from one another with only
limited data may create a major diagnostic challenge,
with considerable implications for patient management
and follow up. Lichen Planus can be confused with other
lichenoid conditions (such as Nonspecific Lichenoid
Reactions, Atypical Lichenoid Stomatitis, Graft Versus Host
Reactions [GVHRs], Drug Reactions, Lupus Erythematosus
[LE], Erythema Multiforme [EM], and Oral Lichenoid
Dysplasia [OLD]) both clinically and histopathologically.
Hence it is important to familiarize oneself with the clinicopathological patterns of OLP and OLL, so as to develop an
accurate diagnostic and prognostic assessment (4).
In 1978, the World Health Organization (WHO) centre for
the study of precancerous lesions established a clinical and
histopathological definition for the diagnosis of true OLP
(Table I) (5). Ever since, this definition has been used in
the diagnosis of OLP and regarded as ‘gold standard’ in the
inclusion of patients in studies focusing on several aspects
of OLP, but validation of this definition has never been

performed (6). Clinical and histopathological assessment of
OLP based on this WHO definition is rather subjective and
insufficiently reproducible. Hence, it requires a proposed
set of modified diagnostic criteria of OLP and OLL, based
on the WHO definition of clinical and histopathological
features (Table II) (6-8).
Oral Lichen Planus is a syndrome diagnosis that is based
on the presence of several clinical and histopathological
criteria. Thus, the diagnostic approach is best described
as a method of pattern recognition both clinically and
histopathologically (7). This indicates that diagnosis cannot
be achieved solely based on the clinical or histopathological
diagnosis. Confirmation of the diagnosis of OLP therefore
has to be made after the correlation of the clinical and
histopathological diagnoses. However, few data exist on
the correlation between clinical and histopathological
diagnoses of OLP.
The aim of the present study was therefore to establish a
clinical and histopathological correlation in the diagnosis
of OLP, based on the modified WHO diagnostic criteria of
OLP and OLL.
Materials and Methods
In the present study, 100 cases were clinically and
histopathologically analyzed. Out of 100 cases, 50 were
prospective [mean (± SD) age: 41.32 ± 14.56 years, minmax: 14-70 years, males=35 (70.0%) and females =15
(30.0%)] and 50 were retrospective [mean (± SD) age: 39.64
± 15.20 years, min-max: 19-69 years; males=36 (72.0%) and
females =14 (28.0%)] cases.
For the selection of the prospective cases, three different
clinicians participated. All the clinicians were well trained
and experienced. Out of 50 prospective cases, 40 cases

Table I: World Health Organization diagnostic criteria (1978) of oral lichen planus (OLP) (5)

Clinical criteria
• Presence of white papule, reticular, annular plaque type lesions, gray white lines radiating from the papules.
• Presence of a lace like network of slightly raised gray white lines (reticular pattern).
• Presence of atrophic lesions with or without erosion, may also bullae.
Histopathological criteria
• Presence of thickened ortho or parakeratinized layer in sites with normally keratinized, and if site normally
nonkeratinized this layer may be very thin.
• Presence of Civatte bodies in basal layer, epithelium and superficial part of the connective tissue.
• Presence of a well-defined band like zone of cellular infiltration that is confined to the superficial part of the connective
tissue, consisting mainly of lymphocytes.
• Signs of ‘liquefaction degeneration’ in the basal cell layer.
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Table II: Proposal for a set of modified WHO diagnostic criteria of oral lichen planus (OLP) and oral lichenoid lesions (OLL) (6)

Clinical criteria
• Presence of bilateral, more or less symmetrical lesions.
• Presence of a lace-like network of slightly raised gray-white lines (reticular pattern).
• Erosive, atrophic, bulbous and plaque-type lesions are only accepted as a subtype in the presence of reticular lesions
elsewhere in the oral mucosa.
• In all other lesions that resemble OLP but do not complete the aforementioned criteria, the term ‘clinically compatible
with’ should be used.
Histopathological criteria
• Presence of a well-defined band-like zone of cellular infiltration that is confined to the superficial part of the connective
tissue, consisting mainly of lymphocytes.
• Signs of liquefaction degeneration in the basal cell layer.
• Absence of epithelial dysplasia.
• When the histopathological features are less obvious, the term ‘histopathologically compatible with’ should be used.
Final diagnosis OLP or OLL
To achieve the final diagnosis, clinical as well as histopathologic criteria should be included
• OLP – A diagnosis of OLP requires fulfillment of both clinical and histopathological criteria
• OLL –The term OLL will be used under the following conditions.
1. Clinically typical of OLP but histopathogically only “compatible with” OLP.
2. Histopathologically typical of OLP but clinically only “compatible with” OLP.
3. Clinically “compatible with” OLP and histopathologically “compatible with” OLP.
were selected based on the clinician agreement that the
clinical picture was diagnostic of OLP and the remaining
10 cases were clinically diagnosed as OLL. These were
included as group 1 cases. For group 1 cases, a detailed
clinical examination of the patients was performed. All
the procedures of biopsy were explained to the patient.
After obtaining written consent from the patient, reticular
areas of the lesion were selected as the most appropriate
site of biopsy and biopsy tissue was obtained under local
anesthesia in aseptic conditions. A 3 mm incisional
biopsy was obtained. Biopsy specimens were preserved in
10% buffered formalin solution, processed and paraffin
embedded. Four micrometer sections were prepared and
stained with Hematoxylin and Eosin (H&E).
Fifty retrospective cases were retrieved from the archives
based on the histopathological diagnosis of OLP and were
considered group 2 cases. For group 2 cases, paraffin blocks
of OLP were retrieved and sections of four micrometer were
prepared. Sections were stained with routine H&E stains.
For these cases, clinical data was noted from the previous
case history records and compared with their respective
clinical data.
In both the study groups, the reviewing pathologists were
blinded to the clinical presentation and site of biopsy.
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All 100 Group 1 and 2 slides were reviewed by the three
different oral pathologists. All the three oral pathologists
were given the same 50 prospective and 50 retrospective
histopathological slides. Slides were evaluated based on the
proposal for a set of modified WHO diagnostic criteria of
OLP and OLL (6) (Table II).
The discrete (categorical) clinical and histopahological OLP
findings were compared by the chi-square (χ2) test. The unweighted Kappa statistics was used to assess interobserver
agreement. A two-sided p value less than 0.05 (p<0.05) was
considered statistically significant.
Results
Prospective findings: The inter-observer agreement of
clinical and histopathological diagnosis of OLP among
three observers was analyzed by using Kappa statistics
and summarized in Table III. The Kappa statistics revealed
“good” to “very good” agreement for both clinical and
histopathological findings between the observers and
agreement was higher in clinical findings than the
histopathological findings.
The frequency distributions of prospective OLP findings
(true/compatible) of both clinical and histological diagnoses
are summarized in Table IV. In clinical diagnosis, there
were 40(80.0%) true cases and 10(20.0%) compatible cases.
Vol. 31, No. 1, 2015; Page 24-29
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Table III: Inter-observer agreement of prospective clinical and histopathological diagnosis of oral lichen planus using Kappa statistics

Inter-observer
agreement
Observer 1 vs.
Observer 2
Observer 1 vs.
Observer 3
Observer 2 vs.
Observer 3

Clinical (n=50)
Kappa statistics (κ)
Strength of agreement

Histopathological (n=50)
Kappa statistics (κ)
Strength of agreement

0.85

Very good

0.78

Good

0.89

Very good

0.84

Very good

0.79

Good

0. 76

Good

Table IV: Comparison of prospective clinical and histopathological diagnosis of oral lichen planus (OLP) using the chi-square test

OLP findings
True
Compatible

Clinical (n=50) (%)
40 (80.0)
10 (20.0)

Histopathological (n=50) (%)
19 (38.0)
31 (62.0)

In contrast, in histological findings, there were 19(38.0%)
true OLP cases, 8(16.0%) cases were compatible, 11(22.0%)
OLD and 12(24.0%) were diagnosed as others. Comparing
the clinico-pathological diagnosis (true/compatible), the χ2
test reveled significantly different OLP findings between the
two groups (true/compatible: 80.0%/20.0% vs. 38.0%/62.0%,
χ2=18.23, p<0.001). In other words, regarding the findings
for true OLP cases, the sensitivity of the clinical diagnosis
was higher than the histopathological diagnosis (80.0%
vs. 38.0%) while for compatible cases the sensitivity of the
histopathological diagnosis was higher than the clinical
diagnosis (20.0% vs. 62.0%).

χ2 value (DF=1)

p value

18.23

<0.001

Retrospective findings: The inter-observer agreement of
clinical and histopathological diagnosis of OLP among
three observers were analyzed by using Kappa statistics
and summarized in Table V. The Kappa statistics revealed
“good” to “very good” agreement for both clinical and
histopathological findings between the observers and
agreement was higher in histopathological findings than
clinical findings.
The frequency distributions of retrospective OLP findings
(true/compatible) of both clinical and histological diagnosis
are summarized in Table VI. Clinical diagnosis revealed 27

Table V: Inter-observer agreement of retrospective clinical and histopathological diagnosis of oral lichen planus using Kappa statistics

Inter-observer
agreement
Observer 1 vs.
Observer 2
Observer 1 vs.
Observer 3
Observer 2 vs.
Observer 3

Clinical (n=50)
Kappa statistics (κ)
Strength of agreement

Histopathological (n=50)
Kappa statistics (κ) Strength of agreements

0.79

Good

0.83

Very good

0.81

Very good

0.86

Very good

0.75

Good

0.80

Good

Table VI: Comparison of retrospective clinical and histopathological diagnosis of oral lichen planus (OLP) using the chi-square test

OLP findings
True
Compatible
Vol. 31, No. 1, 2015; Page 24-29

Clinical (n=50) (%)
27 (54.0)
23 (46.0)

Histopathological (n=50) (%)
27 (54.0)
23 (46.0)

χ2 value (DF=1)

p value

0.00

1.000
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(54.0%) true OLP and 23 (46.0%) compatible cases. The
histopathological diagnosis also showed similar positive
findings for true (54.0%) and compatible (46.0%) OLP
cases. Thus, both clinical and histopathological diagnosis
accounted for 54.0% moderate sensitivity for true OLP and
46.0% mild sensitivity for compatible OLP cases.
Discussion
Clinical observations of the present study were similar to
the previous published data except the gender distribution,
in which the present study exhibited male predominance.
However, a few surveys have also suggested male
predominance. Other clinical features are similar to the
previous studies, which include the common age group
involved by the lesion being the third and fifth decades of
life, involvement of bilateral buccal mucosa with a reticular
pattern and being more symptomatic in erosive/ulcerative
forms. OLP in children is uncommon and in our study it was
observed in one case, showing a bilateral reticular pattern.
Early diagnosis and treatment is essential in children to
relieve the symptoms (9,10).
In group 1, inter-observer agreement in the final diagnosis
appears to be “good” to “very good” but correlation of the
clinico-pathological diagnosis resulted in “mild” sensitivity
of 38%. Out of 40 (80%) cases in which all clinicians
agreed about the clinical diagnosis of OLP, only 19 (38%)
cases were histopathologically diagnosed as OLP. This
assessment indicates that histopathological confirmation
of clinical cases is mandatory for the final diagnosis of
true OLP. Similarly in group 2, observer variability was
found to be “good” to “very good” but correlation of the
clinico-pathological diagnosis appear to be “moderate”
sensitivity accounting for 54%. Out of 50 (100%) cases,
in which all pathologists agreed about the diagnosis of
OLP, only 27 (54%) cases turned out to be clinically true
OLP. From the observation of both the study groups, the
clinico-pathological similarity between different OLL is
evident. Hence we observed that factors contributing for
lack of correlation are the inherent nature of OLP and OLL
that shows overlapping clinico-pathological features. It is
therefore mandatory for the clinician and pathologist to be
aware of the clinico-pathological patterns of OLL.
In group 1 and 2, 8 (16%) and 23 (46%) cases were
finally diagnosed as OLL. These lesions fail to show
strict clinical and histopathological features proposed
by modified WHO criterion for OLP. In group 1, cases
revealed histopathological features such as extension
of inflammatory cells in the deeper stroma, mixed
population of inflammatory component, absence of basal
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cell liquefaction, perivascular cuffing of inflammatory cells
and rarely aggregation of inflammatory cells in the form of
lymphoid follicles. In group 2, cases were unilateral, solitary
and sometimes erythematous without a characteristic
reticular pattern. Our observations match with the previous
published articles that have mentioned similar clinical and
histopathological features of OLL (11). Segregation of OLP
and OLL by clinico pathological assessment is a must, as
some OLL cases such as GVHRs and OLL of unknown
origin have high propensity for malignant transformation
(12,13).
The appropriate selection of the biopsy site has a vital role
in the accurate diagnosis of OLP. Previous studies have
reported that reticular lesions were histopathologically
diagnosed as OLP much more consistently than
erythematous and erosive lesions (9,10). Our observations
were in agreement with these findings, as the biopsy was
taken from the reticular area of the lesion in 13 (26%) out
of 19 (38%) cases diagnosed as true OLP. In a few instances
the histopathological features may not be diagnostic as OLP
evolves through a cycle of exacerbation and quiescence.
Biopsy in any condition helps to differentiate whether the
lesion is of inflammatory origin or consists of underlying
atypical features in the epithelium. It is always possible that
more than one disease process can coexist together. Hence
it is prudent to take multiple biopsies. If multiple biopsies
are not possible, biopsy of the cancer prone site is more
precise (14).
In the present study, 11 (22%) cases in group 1 exhibited
epithelial dysplasia along with the characteristic lichenoid
infiltrate in the juxta epithelium. These lesions are
histopathologically named oral lichenoid dysplasia (OLD).
Our results emphasize the significance of assessing the
epithelial maturation and cytomorphology in any OLP
case as many studies have documented that there are
serious flaws in the initial diagnosis of OLP (12-15) only
based on the similarly appearing lichenoid infiltrate in the
stroma to the extent of ignoring atypical features in the
epithelium. OLP and OLD share essentially no pathogenetic
relationship but their similarity is the presence of lichenoid
inflammatory infiltrate. In OLP, the lichenoid infiltrate
represents cell-mediated immune response provoked
by different antigens, whereas in OLD, the lichenoid
infiltrate represents the immune surveillance mechanism
against atypical epithelial cells (4). Out of 11 (22%) cases,
8 (16%) cases were diagnosed as OLD from clinically true
OLP. Only 4(8%) cases were associated with habits and
5 (10%) cases were erosive/ulcerative forms. Hence our
observations were not in accordance with the previous

Vol. 31, No. 1, 2015; Page 24-29

Kumar S Hiremath S et al: Diagnostic Criteria for Oral Lichen Planus

Turkish Journal of Pathology

studies that have suggested these lesions are predominantly
solitary erosive areas occurring on a cancer prone site
and associated with habits (12, 14, 16). None of the OLP
cases in the study were associated with Candida albicans,
as it was hypothesized that candida can form carcinogenic
N-nitrosobenzylmethylamine that is associated with
malignant transformation of OLP (10-16).

6. Van der Meij EH, van der Waal I. Lack of clinico pathologic
correlation in the diagnosis of oral lichen planus based on
the presently available diagnostic criteria and suggestion for
modification. J Oral Pathol Med. 2003;32:507-12.

In conclusion, the results of the present study show a
lack of clinico-pathological correlation in the diagnostic
assessment of OLP. To confirm the clinical diagnosis of OLP,
histopathological assessment has to be performed and the
final diagnosis has to be achieved only after the correlation
of clinical and histopathological diagnosis. Assessment of
OLP and OLL based on modified WHO criteria displayed a
significant role in the accurate differentiation of OLP from
OLL and OLD.

8. van der Meij EH, Schepman KP, Plonait DR, Axéll T, van der
Waal I. Interobserver and intraobserver variability in the clinical
assessment of oral lichen planus. J Oral Pathol Med. 2002;31:95-8.
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ENIGMATIC MORPHO INSIGHT
CELLULAR CANNIBALISM
Cannibalism is the term used to describe “Cell‑Eat‑Cell”
phenomenon. In Spanish, the word “Canibal” refers to
cannibalism among the caribs, whereas in Greek the term
used is ‘anthropophagy’ where ‘anthropos’ means ‘man’
and ‘phagein’ is ‘to consume’. Thus, cannibalism is the act
or practice of a human eating another human in the actual
sense.[1] The cellular cannibalism do occur, generally defined
as the ability of a cell to engulf or phagocytose another
cell of its own type or any other. It was first described by
Leydenin 1904, who coined those cells as “bird’s‑eye cells”.[2]
Cannibalistic cells (CCs) were initially noticed in cytological
smears where the cell that had ingested another cell consisted
of a vacuole containing the ingested cell and this vacuole
pushed the nucleus to the periphery of the cell. This unusual
property of tumor cells gets an advantage over survival at low
nutrient adverse conditions.[1]
Cellular cannibalism fundamentally differs from phagocytosis,
entosis, empripolesis and autophagy; though it may mimic
these phenomenon.[3] Self‑cannibalism (macroautophagy) is
a well‑regulated process of cell repair as well as of molecule
and organelle recycling that allows the cells to survive. It
also represents a cell death pathway characterized by specific
features that differentiate autophagy from other cell death
processes. The cells that are able to exert intense autophagic
activity were also able to engulf and digest entire cell siblings.
This phenomenon represents a sort of ‘xeno‑cannibalism’.
The two phenomenon: Self and xeno‑cannibalism, could
be related; the latter being an exacerbation of the first and
providing further survival option to the cells.[4]
Cannibalism as described by Brouwer et al., is a process
of successive steps, where the initial process starts with
the attachment of CCs to a free cell pursued by gradual
engulfment of the cell cytoplasm of the free cell, with
alteration of the nucleus of the CC to semilunar shape, but
the nucleus of the free cell remains unaltered. Eventually the
engulfed or free cell gets completely interiorized within the
CC and may finally die or can divide inside the vacuoles or
sometimes manage to escape altogether, reemerging as cell
that is indistinguishable from their un‑engulfed counterparts.[5]
The schematic representation of mechanism of cannibalism
is presented in Figure 1, the histopathological images of the
mechanism is highlighted in Figure 2 and the hand drawn
illustration of the same is depicted in Figure 3.
Another mechanism of cannibalism has been proposed
that states that engulfment may be initiated after the cells
detach from the extracellular matrix due to lack of nutrition.
This is a common occurrence among tumor cells in vivo.

Cells proliferate from a single epithelial sheet to form a
three‑dimensional mass.
Various dynamics hold cells together at cell–cell junctions.
Any imbalance in adhesion forces between two cells may
result in engulfment, with one cell pulling the other cell
more strongly where the cell that has been pulled strongly is
engulfed.[6]
CCs can be easily identified on routine hematoxylin and
eosin (H and E) stained sections and no special advanced
diagnostic techniques are required. The CC has no selectivity.
It can affect the dead or living cells and involve either
homogenous (cells of same type) or heterogeneous (cells of
different type) cells. It targets cells that are more passive. Most
heterotypic live cell engulfment involves leukocytes ingested
into a variety of host cells (epithelial cells, fibroblasts, neural
cells and others). Homotypic live cell engulfment is most
often reported between tumor cells in breast, lung and gastric
carcinoma and other cancers.[7]
In our previous research, we noticed that the presence of CC in
oral squamous cell carcinoma (OSCC) revealed its aggressive
nature and increase in number of CC was significantly associated
with lymph node metastasis.[8] It has been emphasized that
cellular cannibalism is correlated with the aggressiveness,
degree of anaplasia, invasiveness and metastatic potential of
the malignancy.[9] Though cannibalism is generally used to
differentiate between benign and malignant tumors, recently
it has been demonstrated in benign tumors. Sarode and
Sarode reported cannibalism in central and peripheral giant
cell granuloma (CGCG and PGCG). Their aggressive and
recurrent cases showed significantly more mean cannibalistic
giant cells (GCs). They hypothesized that the assessment of
frequency of CC in CGCG and PGCG will help in predicting
the biological behavior of the tumor on simple histological
ground. They demonstrated that the cannibalistic GCs as well
as mononuclear stromal cells expressed histiocytic markers.
The internalized cells did not express bcl‑2, suggesting that
the internalization induces apoptotic cell death.[10]
It has been reported that cannibalism in malignant tumor is
caused due to a shift in the metabolic pathway that encourages
selection of certain cell phenotypes that are able to survive in the
caustic environment. These selected malignant cells are highly
virulent and cannibalize other malignant cells to survive and
progress in adverse condition within microenvironment such
as hypoxia, low nutrient supply and acidity.[11] This pathogenic
process is not applicable to benign tumors such as PGCG
and CGCG. The GCs of these pathologies are derived from

[Downloaded free from http://www.jomfp.in on Thursday, January 21, 2021, IP: 182.48.226.123]
Cellular Cannibalism

Kale

8

Released
Cell

Internalized
Cell

Cell Division
Cell getting
engulfed

N

N

Host Cell

Vacuole

Crescent shape of
host’s nucleus

CellDeath

Figure 1: Mechanism of cannibalism represented schematically
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Figure 2: Photomicrograph showing stages of cannibalism: (a) Initial
stage, (b) crescent shape nucleus of host cell and partial engulfment,
(c) complete engulfment and (d) dead engulfed cell (H&E stain,
×1,000). H&E = Hematoxylin and eosin

monocyte‑macrophage lineage and resemble osteoclasts.[12]
Hence, GCs in PGCG and CGCG possess inherent property
of engulfment which is responsible for cannibalism of stromal
tumor cells.
The CC is also responsible for resistance of tumors to
specific immune reactions. However, new data also suggests
that metastatic tumor cells may use this peculiar function
to feed in conditions of low nutrient supply. This makes
malignant cancer cells similar to microorganisms, rather
than to normal cells undergoing malignant transformation.[1]
Tumor microenvironment also plays an important role in the
formation of CCs. These cells are particularly resistant to
low pH and are formed in carcinogenesis in order to sustain
or progress in unfavorable conditions such as low nutrient
supply, hypoxia or starvation or as a tumor immune escape

Figure 3: Hand drawn illustration of mechanism of
cannibalism. (a) Cannibalistic cell in close proximity to tumor cell,
(b) crescent shape nucleus of cannibalistic cell engulfing the tumor cell,
(c) tumor cell totally engulfed by cannibalistic cell and (d) degeneration
of tumor cell within the cannibalistic cell

mechanism. A molecular framework of factors which
contribute to the formation of CCs include the presence of
an acidic environment that allows continuous activation of
specific lytic enzymes such as cathepsin B, caveolin formation
and the actin linker molecule ezrin. Each of these molecular
factors involved in tumor cannibalism may be new possible
targets in future antitumor therapies.[1,13]
Sarode et al., noted bizarre morphological appearances of
cannibalism in OSCC, where they found one malignant cell
was engulfing the other and this complex was further engulfed
by another cell. In another area they noted one cell engulfing
two cells at a time. As these features were distinctly different
from those described in conventional cannibalism, they
termed this phenomenon as “complex cannibalism”.[13]
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To conclude, cannibalism by tumor cells can contribute either to
their survival or proliferation. It is a phenomenon that resembles
autophagic digestion of cellular organelles under starvation,
where tumor cells can phagocytose other tumor cells. Moreover,
when tumor cells engulf surrounding inflammatory cells; they
further contribute to immune escape mechanisms. Cellular
cannibalism has easily identifiable morphological features
under light microscopy without the use of any advanced and
expensive molecular techniques. Hence, aggressiveness of the
neoplasm can be assessed on a routine basis.
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Case Report

Isolated cleft lip with generalized
aggressive periodontitis: A rare entity
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Abstract:
Oro‑facial clefts are one of the most common birth defects and may be associated with other genetic anomalies.
Aggressive periodontitis is a rare condition that progresses rapidly, but affects only a small percentage of the
population. Most of the cases of aggressive periodontitis are familial. Even though, literature has documented the
association of various genetic disorders with aggressive periodontitis, the aggressive periodontitis in patients with
isolated cleft lip (CL) have never been addressed. Here, we report a rare case of isolated CL with generalized
aggressive periodontitis. The concomitant presentation of isolated CL with aggressive periodontitis in an individual
has clinical significance for multi‑disciplinary care.
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INTRODUCTION

include particular sequence variants in the genes
IRF6, PVRL1, and MSX1.[4]
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cleft is a fissure or opening due to the
nonfusion of the body’s natural structures
that form prior to birth. An orofacial cleft is caused
by an incomplete fusion of the maxillary processes
from the 4 to 12 week of fetal life. It is one of the
most common birth defect and is multifactorial
in nature. The important etiologic factors are of
genetic origin, determined by a monogenetic or
polygenetic inheritance pattern as well as some
exogenous factors, such as smoking, alcohol,
X‑rays and antimitotics.[1] The orofacial clefts were
classified as isolated cleft lip (CL) only, complete
bilateral cleft lip, alveolus, and palate, complete
unilateral cleft lip, alveolus, and palate (left‑cleft
lip and palate (CLP) or right‑CLP), isolated cleft
palate (CP) only.[2] CL can is caused by failure of
fusion of the maxillary and medial nasal processes
during formation of the primary palate. It can be
complete or incomplete, unilateral or bilateral. The
prevalence of CL ± palate is reported as 0.5-2/1000
live births depending on the country’s population.
In India, the prevalence of CL ± palate is estimated
as 0.93/1000.[3]
Genetic factors make strong hold for the
occurrence of CL, and a number of genes are
involved in its occurrence. A CL may be present
as a single isolated defect or in association with
a syndrome such as Van Der Woude syndrome,
ectrodactyly‑ectodermal dysplasia‑cleft (EEC)
syndrome, Patau syndrome acro‑cardio‑facial
syndrome, Hay–Wells syndrome, popliteal
pterygium syndrome and Malpuech facial
clefting syndrome.[4] However, the majority of
them are isolated defects and therefore termed
as nonsyndromic defects. Nonsyndromic cases

The individuals with a CL and palate are at
increased risk for the development of carious
lesions and periodontitis. They have peculiar oral
characteristics is such as tooth malpositioning,
supernumerary teeth, hypodontia, microdontia,
mucogingival alterations, xerostomia, and
parotid duct atresia.[5] The persisting soft tissue
folds before closure, which is difficult to reach
with conventional cleaning techniques, and
may serve as a habitat for putative pathogens,
thereby enhancing the intraoral translocation
of pathogens and consequently, the risk for
periodontal disease.[6] The high incidences of
plaque and bleeding on probing were reported
in patients with CL and palate.[1] It could be due
to the cleft deformity and surgical scars which
make it difficult to control plaque. Recently, the
EEC syndrome has been reported in association
with the aggressive periodontitis.[7]
Aggressive periodontitis is an infrequent type
of periodontal disease with rapid destruction
of the periodontal attachment apparatus and
supporting alveolar bone. The prevalence of
aggressive periodontitis varies among ethnic
groups and countries, and it may range from
0.1% to 3%. It is multifactorial in nature, the
important etiologic factors are of genetic origin
as well as other factors such as microbiologic,
immunological and environmental.[8] Although,
literature has documented the association of
aggressive periodontitis with various genetic
disorders,[8] it is never documented with isolated
CL. This case report is apparently the first in
literature to document isolated CL with the
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aggressive periodontitis. The clinical significance is that a CL may
be associated with various syndromes that may in turn have oral
manifestations. The individuals with a CL are at increased risk for
development of periodontitis.[5] CL can involve the periodontal
attachment apparatus and the supporting alveolar bone in its
proximity and thereby contributing to periodontal destruction.

CASE REPORT
A 26‑year‑old female, 160 cm tall and weighed 47 kg presented
to the Outpatient Division, Department of Periodontics, with
the chief complaint of increased spacing between upper
and lower anterior teeth since the last 2 years [Figure 1].
Occasionally, bleeding occurred while brushing teeth and
hypersensitivity in lower anterior teeth with cold fluids. The
patient’s medical history revealed that she had a cleft on the
right side of upper lip on at the time of birth. This cleft was
a minor form of Tessier no. 1 cleft which is a paramedian,
craniofacial cleft that traverses through the soft tissues from the
Cupid’s bow region to the alar cartilage, resulting in a notch in
the dome of the nostril. She was operated at the age of 2 and
24 years [Figure 2] for surgical correction of CL. She was born
as the first of two children of nonconsanguineous parents after
uncomplicated 37 weeks of gestation. Intelligence and other
developmental milestones were normal. There was no history
of absent or decreased sweating. Past dental history revealed
she had congenitally missing teeth in upper and lower jaw. She
had undergone root canal treatment with the lower right first
premolar 5 years back. She had not taken any medication in past
1‑year and has no known allergies. She gave a family history of
her mother losing all her teeth at an early age due to mobility
of teeth. Her 24‑year‑old younger brother also had a history of
periodontal disease and treated with periodontal flap surgery,
but her father was normal. It was observed that there was
familial history for periodontal disease. She had nasal twang
in her voice, long nails without any gross digital anomaly,
sparse eyebrows, mild hypertelorism, potentially incompetent
lips and a scar mark on right upper lip area [Figures 1 and 3].

• Blood investigations which were found to be within the
normal ranges except for borderline neutrophilia [Table 1]
• Neutrophil function test which revealed hyperactivity in
nitroblue tetrazolium test, reduced chemotaxis and reduced
phagocytosis with normal intracellular killing [Table 2]
• Subgingival plaque sample was collected from the deepest
pocket followed by microbiological culturing on Dentaid
medium and blood agar with hemin and vitamin K.
Dentaid is a selective culture medium for Aggregatibacter
actinomycetemcomitans and blood agar with hemin and
vitamin K is for anaerobic micro‑organisms. Minute black
colonies (3 × 104 CFU/mL) of Porphyromonas gingivalis were
observed [Figure 6].
Based on the family history, oral examination, radiographic
details, microbiological culturing, and immunological
parameters (neutrophil function test) a diagnosis of generalized
aggressive periodontitis was made.
Treatment
The overall treatment was aimed at correction of increased
spacing between upper and lower teeth and maintenance of
oral health. It included multi‑disciplinary approaches such as
periodontal treatment, restorative treatment for the replacement
of fixed dental prosthesis, and fixed mechano‑therapy along
with the opinion of plastic surgeon, endodontist and oral and
maxillofacial surgeon for long‑term maintenance of oral health.
Periodontal treatment for aggressive periodontitis was aimed
at eliminating or reducing the pathogenic micro‑organisms
and prevention of further bone loss. It included mechanical
treatment (scaling and root planning) along with systemic
antimicrobial therapy followed by periodontal flap surgery
and supportive periodontal treatment at regular intervals.[8]

DISCUSSION

Oral examination
Federation Dentaire Internationale tooth notations were
used during the oral examination. On oral examination, the
status of oral hygiene was fair. Oral examination does not
reveal any soft tissue defect on labial mucosa, palate, and
gingiva [Figure 4]. Patient had 29 teeth of which 23, 31 and 41
were congenitally missing [Figure 4]. Probing pocket depth
and clinical attachment loss measurements were performed
on each tooth using a graduated William’s periodontal probe.
Greater probing pocket depth (>6 mm) and clinical attachment
loss (>3 mm) measurements were noticed with respect to teeth
no. 17, 16, 13, 12, 11, 21, 22, 26, 27, 34, 36, 37, 44, 46 and 47.
Grade I mobility was present with respect to teeth no. 11, 21, 26
and 34. Pathologic migration was present with respect to teeth
no. 11, 21, 31and 41. Increased anterior overjet and spacing were
present. The patient had Class I molar relation on both sides.

This case represents presentation of isolated CL with
generalized aggressive periodontitis for the first time in the
literature. The incidence of CL has been influenced by gender,
ethnic and racial backgrounds. Isolated cleft of lips are seen
more commonly in males and on the left side.[4] On the other
hand, in our report isolated CL was present in female on the
right side, which was again a rare finding. The CL has been
classified as Tessier no. 0-14 clefts based on the extension of cleft
and its association with other oral, nasal, orbital and auricular
anomalies.[9] Present case had a minor form of Tessier no. 1 cleft
which was corrected surgically. Tessier no. 1 cleft may continue
through the alveolus between the central and lateral incisors
that could have periodontal implications. In such defects, the
radiographic alveolar bone level is more apical at the cleft sites
than that at noncleft sites.[10] The osseous structures are absent
or poorly developed in the cleft area and are additionally
traumatized in the course of long‑term orthodontic therapy.
However, the present case does not reveal any such defect near
the cleft area in the radiograph [Figure 5].

Investigations
Following investigations were carried out:
• Panoramic radiograph which revealed angular pattern of
bone loss around 16, 12, 11, 22, 26, 37, 34, 44 and 46. Typical
“arc shaped” loss of alveolar bone around maxillary molars
and incisors was observed [Figure 5]

An individual with CL has to deal with the typical challenges
related to self‑esteem, appearance and social acceptance due to
associated anomalies. Venkatesh[11] in 2009 showed out of the
2600 orofacial cleft patients, only 198 had associated anomalies.
Associated anomalies were more frequent in patients with CL
and palate (32%) than in patients with isolated CP (22%) or
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a
Figure 1: Female patient with scar mark on right upper lip area, sparse eyebrows,
mild hypertelorism and potentially incompetent lips

b

Figure 2: (a) Cleft lip scar before second repair surgery; (b) Postoperative view of
cleft lip

a

b

c

d

e

f

Figure 3: Hand and feet with long nails and absence of any gross digital anomaly

Figure 4: (a-e) Oral examination; (f) Absence of any soft tissue defect on labial
mucosa

Figure 5: Panoramic radiograph

patients with isolated CL (11%). The prevalence of associated
anomalies in subjects with isolated CL was very low. This could
be a reason why no major associated anomalies have been
detected in the present case. Thus, the present case could be
either a partially expressed syndromic cleft or a coincidental
nonsyndromic “isolated” cleft.
Ectrodactyly‑ectodermal dysplasia‑cleft syndrome (EEC
syndrome) is an autosomal dominant disorder characterized
by the triad of ectrodactyly, ectodermal dysplasia, and facial
clefting.[7] In the present case, mild over extension of fingers
and sparse eyebrows were found. The nails and hairs were long
enough, without any digital anomaly. Thus, ectrodactyly and
ectodermal dysplasia were ruled out. The other syndromes[11]
include Van Der Woude syndrome, which is characterized
by the combination of lower lip pits, CL or CP, hypodontia,
syndactyly, congenital heart disease and cerebral abnormalities.
Hay wells syndrome is characterized by ankyloblepharon
90

a

b
Figure 6: (a) Subgingival plaque sampling. (b) Microbiological culturing

filiforme adnatum, CL or palate and ectodermal defects.
Popliteal pterygium syndrome is characterized by malformed
toenails, CL or palate and genital findings.
Genetic factors make strong hold for occurrence of nonsyndromic
“isolated” CL. However, no single gene has been identified as
a necessary locus for the development of nonsyndromic clefts.
Rather, the emerging consensus is that the genetic etiology of
nonsyndromic clefting is complex, with several loci showing
significant results.[12] Therefore, chromosomal analysis for the
identification of gene locus for development of nonsyndromic
clefts was not undertaken as it could be inconclusive.
Journal of Indian Society of Periodontology - Vol 19, Issue 1, Jan-Feb 2015
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Table 1: Blood investigations
Test

Normal value

Hemoglobin

Male: 13.5-18 g/dL
12.5 g/dL
Female: 11.5-16 m/dL
Male: 4.2-6.5 millions/cu.mm
4.27 millions/cu.mm
Female: 3.7-5.6 millions/cu.mm Normocytic
normochromic
4,000-11,000 cells/µL
9,300 cells/µL

RBC
Total count
Differential
count %
Neutrophils
Lymphocytes
Eosinophils
Monocytes
Basophils
Platelet count
PCV %

Result

40-75
15-45
1-4
1-7
0-2
1.50-4.50 Lakhs/cu.mm
Male: 45-55
Female: 35-48
MCH
27-32 pg
MCHC
32-36 g/dL
MCV
76-96 fl
Bleeding time 2-5 min
Clotting time
3-8 min
Random blood 70-100 mg/dL
sugar
Lipids profile
test % (mg)
Serum
50-200
cholesterol
Serum HDL 30-70
cholesterol
Serum LDL 60-160
Serum
40-200
triglycerides
VLDL
10-45

76
21
02
01
00
3.25 Lakhs/cu.mm
36.7
29.3 pg
34.1 g/dL
85.9 fl
2 min
3 min 45 s
80 mg/dL

185
39
130
80
16

PCV – Packed cell volume; MCH – Mean corpuscular hemoglobin;
MCHC – Mean corpuscular hemoglobin concentration; MCV – Mean
corpuscular volume; HDL – High‑density lipoprotein; LDL – Low‑density
lipoprotein; VLDL – Very low‑density lipoprotein; RBC – Red blood cell

Table 2: Neutrophil function test
Test
NBT test %
Unstimulated
Stimulated
Chemotaxis assay (mm)
Migration with FMLP
Migration with medium
Phagocytosis
With patient serum MPN
With control serum MPN
Candidacidal assay %
With patient serum
With control serum

Normal value

Result

16-18
50-80

45
88

>2
0.5-0.6

1.1
0.5

5+
5+

3
3

18-36
18-36

30
34

NBT – Nitroblue tetrazolium; FMLP – N‑formyl methionine leucine
phenylalanine; MPN – Mean particle number

Hypodontia is commonly found in CL patients and was
one of the important finding in our report. The subjects
with orofacial cleft were at a higher risk for periodontal
disease progression. A cleft site tends to experience more
periodontal tissue destruction compared with control
sites.[13] The teeth adjacent to the cleft often with a long
supra‑crestal connective tissue attachment, showed a
slightly more pronounced periodontal destruction.[14] In the
present case, teeth in the cleft area as well as contralateral
noncleft area showed greater loss of attachment loss(>3 mm)
Journal of Indian Society of Periodontology - Vol 19, Issue 1, Jan-Feb 2015

and bone. The present case showed (1) Noncontributory
medical history and positive family history of periodontal
disease, (2) rapid bone destruction, (3) fair oral hygiene
that revealed inconsistency between microbial deposits and
severity of destruction, (4) generalized attachment loss that
affected at least 3 permanent teeth in addition to the first
molars and incisors, and (5) radiographic finding of angular
bone defects (6) Neutrophil defect. Therefore, in this case the
diagnosis of generalized aggressive periodontitis was made
with coincidental finding of isolated CL.
In aggressive periodontitis, the highly progressive and
destructive bone loss around the teeth have developed in a
short span of time. Various periodontal pathogens have been
implicated in sites of aggressive periodontitis, but the role of
A. actinomycetemcomitans has been the predominant one.[8] In
this case, subgingival plaque showed high titers of P. gingivalis,
which is a known virulent periodontopathogen [Figure 6].
This finding indicates microbiologic heterogeneity exist
for aggressive periodontitis. Defect in neutrophil function
was observed, which included reduced chemotaxis and
phagocytosis [Table 2]. This indicates a reduced defensive
ability against the periodontal pathogens. Factors other than
virulent micro‑organisms surrounding the tooth in the dental
plaque could have influenced the actual clinical presentation.
The genetic component makes a strong hold for occurrence of
aggressive periodontitis, and it follow a dominant mode of
transmission. [8] On the other hand, autosomal recessive
mode of transmission has also been noted for aggressive
periodontitis.[15] This indicates that both etiologic as well
as genetic heterogeneity exist for aggressive periodontitis.
Since the genetic factor is an important etiologic factor
in both conditions. This issue begs further research to
determine the genetic status of such patients to comment
on the relationship between these two entities. The present
case of isolated CL with generalized aggressive periodontitis
requires an early multi‑disciplinary approach to achieve
long‑term oral health and to prevent further periodontal
disease progression.

CONCLUSION
The concomitant presentation of isolated CL and aggressive
periodontitis in an individual has clinical significance for
multi‑disciplinary care. Further research is required to
determine the genetic status of such patients to identify any
relationship between these two entities.
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a b s t r a c t
The diversity of signalling opportunities within microbial communities, and the signiﬁcant role of these
molecules in coordinating gene expression and promoting bioﬁlm formation, has provided the impetus to investigate the potential of inhibitory analogues to disrupt these networks, thereby providing
mechanisms to control or inﬂuence the development of dental plaque. Within the oral bioﬁlms, resident bacterial cells interact with one another and exchange messages in the form of signalling molecules
and metabolites. In this review article, our aim is to elaborate the role of this quorum sensing and their
involvement in pathogenesis to decipher information that can be useful to target pathways to control
diseases.
© 2015 Japanese Stomatological Society. Published by Elsevier Ltd. All rights reserved.
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1. Introduction
An adherent microbial population that is embedded in and
attached to surfaces or interfaces is known as a bioﬁlm [1]. Mature
dental bioﬁlms consist of towering microcolonies in which the
resident bacterial cells interact with one another and exchange
messages in the form of signalling molecules and metabolites.
Bioﬁlms have been likened to miniature cities, with channels and
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voids permeating densely packed microcolonies, like roads and
alleys running between tall buildings [2].
The foundations of dental plaque are laid by the primary colonizers, predominantly streptococci, Actinomyces and a few other
genera, which provide binding sites for co-adhesion with other
bacteria [3]. As the bioﬁlm grows in complexity, different microenvironments are formed within, and new niches are provided for
later colonizers. Initial colonizers such as streptococci (yellow) and
Actinomyces (blue) bind to the salivary pellicle, which coats the
enamel, and subsequently grow together with Veillonella (purple)
as multispecies bioﬁlm communities (Fig. 1) [4].
Throughout the development of dental plaque, adherent bacteria sense their neighbours and make appropriate responses. Some
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Fig. 1. Oral bacterial colonization: A ﬁgure showing a model for oral bacterial colonization of mainly two types: early and late colonizers. Early colonizers ﬁrst bind to the
salivary pellicle on the tooth surface. All these interactions led to the formation of dental plaques. From the bottom, initial colonizers and late colonizers are detailed by the
organism’s name at the right side of the ﬁgure.

of these interactions involve signalling molecules that appear to
have evolved speciﬁcally to elicit responses in neighbouring bacteria. In other cases, bacteria sense changes in their environment
that are brought about by microbial metabolism in the oral bioﬁlm.
Understanding the adaptations that bacteria undergo to prosper
in mixed-species communities such as dental plaque promises to
open new leads for controlling microbial bioﬁlms [5].

2. Rules of engagement: deﬁning bacterial communication
The complexity and sheer number of microbial interactions
are staggering. They can be mutually beneﬁcial, altruistic, antagonistic and even spiteful. Bacteria communicate via diffusible
signalling molecules and by gene transfer; bacteria can also engage
in crosstalk if in contact with host cells (Fig. 2) [6]. Some require

Fig. 2. Schematic representation of the types of interaction: A ﬁgure showing a detailed representation of the interaction of microbial species. Bacteria adhere by adhesin–receptor
interactions to the acquired pellicle or to already-attached cells (co-adhesion). Bacteria interact synergistically to metabolize complex host molecules, and food webs can
develop, enabling the efﬁcient cycling of nutrients. Bacteria communicate via diffusible signalling molecules and by gene transfer; bacteria can also engage in crosstalk if in
contact with host cells. Cells in bioﬁlms are less susceptible to antimicrobial agents and the host defences; this may be because of physical properties of the bioﬁlm or to
protection from neighbouring cells, for example, because of the secretion of neutralizing enzymes to making sensitive cells appear resistant (“R”), or following horizontal
gene transfer. The environmental heterogeneity generated within bioﬁlms encourages genotypic and phenotypic diversity, which enhances their ability to persist in the face
of assault from the innate and adaptive immune responses, from antimicrobial attack and from environmental stress.

Please cite this article in press as: Parashar A, et al. Interspecies communication in oral bioﬁlm: An ocean of information. Oral Sci Int
(2015), http://dx.doi.org/10.1016/S1348-8643(15)00016-6

G Model
OSI-69; No. of Pages 6

ARTICLE IN PRESS
A. Parashar et al. / Oral Science International xxx (2015) xxx–xxx

Fig. 3. Generic scheme for quorum sensing: A ﬁgure showing the exponential growth
curve between signal concentrations in the outer environment effect of bioﬁlm
formation. As colonization occurs by early and late colonizers, emittence signal
production also increases, which positively affects responder signals. As the colonization increases, the signal production crosses the threshold limit.

intimate contact or contact via structures such as nanotubes,
nanopods or diffusion of membrane vesicles. These interactions can
occur within species, between species and even between domains.
Moreover, intercellular interactions are mediated by a continually
expanding set of diffusible molecules [7].
Communication, in which one organism emits a signal and
another organism responds, therefore implies that both organisms
gain a compensatory beneﬁt for these potentially costly behaviours.
A signal, as deﬁned by the evolutionary biologist John Maynard
Smith, is “any act or structure which alters the behaviour of other
organisms, which evolved because of that effect, and which is effective because the receiver’s response has also evolved.” [8]. Thus, for
an emission to be a signal, it must not only elicit a response in the
receiving organism but also have evolved primarily to do so. More
often than not, a chemical interaction between two species does
not provide a bidirectional beneﬁt. Terminology has therefore been
proposed for describing such non-signalling interactions – ‘cue’ and
‘coercion’. A cue refers to an emission that provides information to
a receiver but which did not evolve explicitly for that purpose [5].
The receiver beneﬁts from responding to a cue, but the emitter
experiences neither an increase nor a decrease in ﬁtness. Coercion
refers to the scenario in which a substance induces a detrimental
response in a receiver to the beneﬁt of the emitter.
3. Cost and speciﬁcity of cell–cell signalling
Quorum sensing (QS) or cell–cell communication is a process
of chemical communication among bacteria; it is deﬁned as gene
expression in response to cell density, which inﬂuences various
functions, that is, virulence, acid tolerance and bioﬁlm formation.
Because bacteria within bioﬁlms reach a high cell density, QS is
considered one of the important bacterial functions [9]. Cell–cell
signalling results from the production of signalling molecules by
emitter cells and their accumulation in the surrounding environment. At some threshold concentration, the signalling molecules
bind to receptors on or in the bacterial cell, leading to changes in
gene expression in the responding cell (Fig. 3) [10].
In bioﬁlms, the process of bacteria producing signalling
molecules, transporting, sensing and controlling a series of acts
is called a quorum-sensing (QS) system. QS systems control a
wide range of responses, including bacterial surface adhesion,
extracellular matrix production, synthesis of biosurfactants, spore
formation, competency, bioluminescence, virulence factor expression, etc. QS systems are highly speciﬁc and accurate, which are the
basis of precise regulations of the different bacterial phenotypes [4].

3

Currently, there are three well-deﬁned classes of molecules
that serve as the paradigms for chemical signalling in bacteria: oligopeptides, acylated homoserine lactones (AHLs) and the
LuxS/autoinducer-2 (AI-2) class [11]. These three systems will be
considered from an evolutionary perspective, in particular in terms
of the two key components of communication: the cost associated
with signalling and information speciﬁcity. Costs are primarily the
metabolic burden that is associated with signal production. The
speciﬁcity of the signal produced is in part a measure of the information content of the signal, and speciﬁcity generally correlates
with the cost of production.
The ﬁrst of the cell–cell-signalling mechanisms is oligopeptide
signalling, which is the predominant signal used by Gram-positive
bacteria. Typically, a preprotein is generated, processed into the
active signalling peptide and exported from the cell. The biochemical cost of synthesis is relatively expensive, even for short peptides.
The chemical structure of the signal is precisely deﬁned by the
sequence of amino acids [13]. The oligopeptide signals are highly
speciﬁc, sometimes allowing distinct signalling within different
strains of the same species.
The second established paradigm in cell–cell signalling is
through AHLs. In Gram-negative bacteria, the production of AHLs
involves the reaction of S-adenosylmethionine (SAM) with an
acyl–acyl carrier protein (acyl–ACP), which is typically carried out
by an enzyme of the LuxI family. Acyl–ACP molecules are intermediates in fatty acid biosynthesis. Both these substrates have an
associated metabolic burden for synthesis, and there is an intermediate cost associated with production. The speciﬁcity of this system
is only moderate [17].
The third cell–cell-signalling system in bacteria is generally
referred to as the LuxS/AI-2 pathway. This system is found in
many Gram-negative and Gram-positive bacteria. The signal that
is produced by all strains is thought to be an identical product (4,5dihydroxy-2,3-pentanedione (DPD)) that is in chemical equilibrium
with several furanones. This pathway is not speciﬁc at all, and therefore it cannot convey precise information. Interestingly, this is also
the pathway that is associated with the lowest cost of production
[10].

4. Mechanisms of communication
Various signalling molecules and metabolic cues are involved in
interspecies metabolic communication between oral bacteria [11].
Signalling molecules: Two classes of molecules produced by oral
bacteria have been implicated as true signals, produced specifically for the purposes of cell-to-cell communication. These are
competence-stimulating peptides (CSPs), synthesized by Grampositive bacteria such as streptococci, and AI-2. There is some
debate regarding the status of AI-2 as a true signal because this
molecule appears to have a primary role in metabolism in at least
some bacteria [24]. Nevertheless, the widespread changes in gene
expression induced by AI-2, combined with its apparent activity at
extremely low concentrations (in the order of tens of nanomolars or
less), are consistent with a role in signalling. AI-2 and CSPs appear
to be involved in intraspecies QS. However, there is accumulating
evidence that they are also involved in a variety of interspecies
interactions between bacteria (Fig. 4) [11].
CSPs re short peptides, approximately 17–21 amino acids, produced by many streptococci from the proteolytic digestion of
the comC gene product. Historically, CSPs have been considered
species-speciﬁc or even strain-speciﬁc signals. CSPs have diverse
effects on oral streptococci, including promoting competence,
bioﬁlm formation and DNA release [12]. Recent evidence has shown
that CSP can induce alarmones, which are intracellular signal
molecules and are produced due to harsh environmental factors,
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Fig. 4. Comparison of interspecies signalling pathways involving competence-stimulating peptides (CSPs) and autoinducer 2 (AI-2): A ﬁgure showing the effect of CSP and
autoinducer 2 signalling pathway on bioﬁlm formation. AI-2-producing bacteria are the main part of the oral bioﬁlm affecting CSP production by providing competence; in
addition, production of bacteriocins interferes with CSP production. Several independent mechanisms are shown in the ﬁgure.

and can convey sophisticated messages in a population including
the induction of altruistic cellular suicide under stressful conditions
[13]. CSP is a small molecule that induces bacteria into competence, following which the bacteria can obtain exogenous DNA and
change genetic information [14]. CSP is synthesized in the cell and
released into the extracellular medium, mediating the QS system.
When the bacterial density of the bioﬁlm increases, CSP molecules
in the external environment reach a certain numerical threshold
concentration and begin to regulate bacterial density [15]. CSP can
regulate the physiological activities of Streptococcus mutans, including bioﬁlm formation, generation of bacteriocins, stress response,
acid tolerance, genetic conversion, etc. CSP signalling molecules are
highly species-speciﬁc. A CSP produced by one bacterium rarely
interferes with the activity of CSP produced by a different bacterium
[16].
AI-2 is so far the only signalling molecule found to be widespread
among both Gram-positive and Gram-negative bacteria [17]. AI-2
is a product of the activated methyl cycle, generated by LuxSmediated cleavage of the intermediate S-ribosylhomocysteine to
homocysteine and DPD [18]. In solution, DPD dissociates into several forms that are collectively known as AI-2. The luxS gene,
encoding S-adenosylhomocysteinase (LuxS), is present in the
genome sequences of many oral bacteria.
Six different genera of oral bacteria have been shown to produce AI-2 at sufﬁcient levels for detection using a Vibrio harveyi
luminescence-based bioassay [19]. Detection of AI-2 by bacteria
leads to profound changes in gene expression. Many bacteria that
respond to AI-2 also produce it, and therefore AI-2 may function as
an intraspecies signal. However, there is evidence that AI-2 is also
important for interspecies interactions in microbial communities.
A screen of oral bacteria for AI-2 production found that the highest levels of AI-2 were produced by periodontal pathogens such as
Porphyromonas gingivalis, Prevotella intermedia and Fusobacterium
nucleatum [20]. In addition, Aggregatibacter actinomycetemcomitans
was shown to possess a luxS gene and produce AI-2. The luxS gene
from A. actinomycetemcomitans, when expressed in Escherichia coli,
was able to complement a P. gingivalis luxS mutant by restoring
the expression of two AI-2 responsive genes, uvrB and hasF, to
wild-type levels [21]. This study demonstrated that P. gingivalis can

detect the AI-2 signal from A. actinomycetemcomitans, and it provided the ﬁrst indication that interspecies communication using
AI-2 may occur in oral bioﬁlms.
Clearer evidence for AI-2-mediated interspecies communication by P. gingivalis came from coculture studies with Streptococcus
gordonii [22]. These data indicate that S. gordonii and P. gingivalis
sense AI-2 produced by either organism, and translate the signal
into a bioﬁlm phenotype. An important function for AI-2 in mutualistic associations was demonstrated in studies of dual-species
bioﬁlms formed with Actinomyces oris and Streptococcus oralis [23].
Metabolic cues: Streptococcal H2 O2 is an important molecule
in competition with and communication between oral bacteria.
H2 O2 is secreted by Streptococcus viridans, including Streptococcus sanguinis, S. oralis, Streptococcus mitis, S. gordonii, Streptococcus
parasanguinis and some strains of S. mutans, and it is responsible for the greenish tinge (a-haemolysis) produced when these
organisms are cultured on blood agar. In vitro, in closed batch culture, H2 O2 can reach concentrations sufﬁcient to kill various other
oral bacteria. However, the mouth is an open system in which
small molecules such as H2 O2 are continually washed away from
the bioﬁlm. At sublethal concentrations, H2 O2 has been shown to
induce a variety of responses in oral bacteria [24]. In S. viridans,
S. sanguinis and S. gordonii, H2 O2 triggers the release of DNA by a
mechanism that does not involve cell lysis [25]. Extracellular DNA is
an important component of bacterial bioﬁlms. The release of DNA
by streptococci may therefore help to stabilize the bioﬁlm structure. H2 O2 oxidizes macromolecules, and S. gordonii proteins are
extensively oxidized during growth in aerobic batch culture. Some
strains of A. oris produce catalase, which degrades H2 O2 [26].
S. viridans produces lactate, which is used as a substrate for
energy production by A. actinomycetemcomitans and by Veillonella
atypica. Interestingly, both of these organisms have been shown
to communicate with oral streptococci. In the case of A. actinomycetemcomitans, sensing occurs through detection of H2 O2 [27].
A. actinomycetemcomitans produces a very restricted response to
H2 O2 : just two genes were signiﬁcantly upregulated by H2 O2 in
a microarray analysis. These were katA, encoding catalase, and
apiA, encoding a 33-kDa outer membrane protein that binds to the
human serum protein factor H and provides resistance to serum
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Fig. 5. Relationship between succession of oral communities and autoinducer 2: In this ﬁgure, dental plaque development is shown with respect to time. The relative amount
of AI-2 production is also shown by various commensal and pathogenic colonizers. Lowest AI-2 production is seen at stage 1 and the maximum at stage 4.

killing. One possibility is that H2 O2 signals an increased likelihood
of inﬂammation, and A. actinomycetemcomitans beneﬁts by preparing for the inﬂammatory onslaught [17].
4.1. AI-2 in spatiotemporal development of multispecies
communities

community producing AI-2 and each community responding optimally to a particular local concentration of the signal [29]. Bacteria
respond to AI-2 by internalizing the molecule; therefore, retention
of community-generated AI-2 and internalization of AI-2 by the
members of the community is essential for bioﬁlm development.
5. Future perspectives

The signalling molecule AI-2 has been proposed to act as a universal intergeneric signalling molecule, and it has an important
role in the formation of multispecies bioﬁlms. When bacteria are
brought together by co-aggregation, the effective AI2 threshold
concentration can be reached when the production rate of AI-2
is lower than that necessary when the bacteria are further apart.
In a model based on these principles, it is likely that different
concentrations of AI-2 play a part in the communication between
different species [28]. A schematic of this hypothesis that is relevant to bioﬁlm development in the human oral cavity is presented
in Fig. 5 [4].
The relative amount of AI-2 produced by commensal bacteria and pathogens is indicated. Commensals (depicted in stages 1
and 2) respond to the lowest AI-2 concentrations (below 100 pM),
which results in mutualism and bacterial growth. Initial colonizers such as streptococci (yellow) and Actinomyces (blue) bind to
the salivary pellicle (stage 1), which coats the enamel, and subsequently grow together with Veillonella (purple) as multispecies
bioﬁlm communities (stage 2). As the commensal bacterial biomass
increases by cell division and by accretion, the AI-2 concentration
increases, which improves the communication among transition
bacterial species such as Fusobacterium (orange; stage 3). Finally,
when the AI-2 concentration is the highest (stage 4), the pathogens
(red) are favoured for growth and they join the developing bioﬁlm
communities. This model offers a simple way to conceptualize the
importance of distance in crucial communication in each multispecies

The diversity of signalling opportunities within microbial communities and the signiﬁcant role of these molecules in coordinating
gene expression and promoting bioﬁlm formation have provided
the impetus to investigate the potential of inhibitory analogues to
disrupt these networks, thereby providing mechanisms to control
or inﬂuence the development of dental plaque. Further, QS research
should include the development of future therapy for oral infections. The AI-2 and CSP system has attracted attention as a target
for weakening bacterial virulence by interfering with cell-to-cell
communication. A new class of speciﬁcally targeted antimicrobial
peptides (STAMPs) has recently been reported for use in a unique
strategy [30]. The STAMPs have a two-sided structure. The ﬁrst is a
short homing sequence of CPS that can be as unique to a bacterium
as a ﬁngerprint and ensures that the STAMPs will ﬁnd their target. The second is a non-speciﬁc antibacterial peptide that is linked
chemically to the homing sequence and kills the targeted bacterium
on delivery.
6. Conclusions
6.1. ‘The Great Bacterial Reef: communication and development
in oral bioﬁlms’
Consider that the Great Barrier Reef is home to thousands of
species of plants and animals with spatio-temporally predictable
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ﬁsh communities on coral reefs, and compare this with the fact that
human oral bacteria develop spatio-temporally predictable dental
plaque communities on enamel after each oral hygiene procedure.
This reassembling of oral bacterial communities over a time interval
of only a few hours offers an opportunity to investigate the role of
communication in community architecture and composition.
As in a city, where vibrant communities are formed by the mixing of people from different cultural and ethnic backgrounds, oral
bacteria in bioﬁlms sense their microbial neighbours and build productive mixed-species consortia. Signalling between bacteria may
have important implications for the virulence of oral pathogens.
Therefore, when assessing the ability of oral bacteria to cause disease, it is essential to consider the community in its entirety rather
than relying solely on observations of individual components. The
ongoing development of high-throughput techniques such as DNA
microarrays and massively parallel sequencing is already greatly
enhancing studies of gene expression in mixed-species communities. It remains to be seen whether these approaches will lead
to new interventions that can change the course of oral microbial
diseases.
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Abstract
Introduction: Though Ayurveda is practiced in the Indian subcontinent since centuries,
there is a paucity of systematic documentation related to the occurrence of adverse drug
reactions (ADR) and other issues regarding the safety of Ayurveda medicines. Aim: To monitor
and analyze the pattern and frequency of ADR to Ayurvedic medicines in an Ayurvedic hospital
setup. Materials and Methods: In this prospective study, ADR monitoring was done in KLE
Ayurveda Secondary Care Hospital, Belgaum, Karnataka, India by spontaneous and intensive
monitoring technique for a span of 1‑year (June 2010 to May 2011). Data pertaining to patient
demography, drug and reaction characteristics, organ system involved and reaction outcomes
were collected and evaluated. The reaction severity and predisposing factors were also
assessed. Results: In a span of one year, 84 adverse drug events were reported out of which
52 confirmed as ADR. The overall incidence of ADR in the patient population was 1.14%, out of
which 23 (44.23%) were related to Panchakarma (detoxification process), 13 (25.00%) related
to the herbal formulations and 06 (11.53%) were of Rasa Aushadhi (mineral or herbo‑mineral
formulations). The commonly affected organ systems were gastrointestinal system 24 (46.15%)
and skin 15 (28.84%). The majority of the reactions were moderate 30 (57.69%) to mild
20 (38.46%) in severity. Most patients recovered from the incidence. Conclusion: The present
work has documented the incidence and characteristic of ADR to Ayurvedic medicine in a
typical Ayurveda hospital setup. This will help in developing various strategies for boosting
pharmacovigilance in Ayurveda, thereby ensuring safer use of Ayurveda medicines.
Key words: Adverse drug reactions, Ayurveda, herbal medicine, Panchakarma
pharmacovigilance, Rasaushadi

Introduction
India is known to be rich in biodiversity and based on this it also
has its own indigenous codified systems of healing. Ayurveda
is one of such healthcare system and forms an important
component of healthcare in India as it is practiced here for
thousands of years.[1] It is the most commonly practiced form
of nonallopathic medicine in India, comprising a wide range of
therapeutic approaches such as use of herbs, minerals, various
detoxifying regimes, dietary advices, and their combinations
with various nondrug modalities. It is estimated that about
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RGES’s Ayurvedic Medical College Hospital and PG
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80% of Indian population use Ayurveda medicines for their
healthcare needs.[2] Also, use of Ayurveda in the Western
countries is increasing.[3] This increasing use of Ayurvedic
medicines worldwide has led to increasing concern regarding
their safety. Recently there are various publications which raise
concern about the safety of Ayurveda medicines.[4‑6] Today
Ayurveda is gathering increasing global attention with regard
to both; as a therapeutic option to treat various chronic and
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noninfectious diseases as well as due to the possibility of health
hazards associated with it. Though Ayurveda is practiced for
centuries, there is a paucity of systematic documentation related
to the occurrence of adverse drug reactions (ADRs) and other
issues regarding the safety of Ayurveda medicines. Moreover,
as compared to the practice of Ayurveda in olden ages, today
a major change is seen in various aspects related to its use.
Hence, safety monitoring has became very essential in lights
of change with respect to environmental factors, increasing use
of insecticides, adulteration of herbs, concomitant use of herbs
with drugs of other system of medicines, new manufacturing
techniques, lack of proper regulations in pharmaceutical
industry, and easy availability of combinations of herbs over
the counter. With the increased concern related to safety of
Ayurvedic medicines, a National Pharmacovigilance Program in
Ayurveda, Siddha and Unani (ASU) drugs has been initiated by
Department of Ayurveda, Yoga and Naturopathy, Unani, Siddha
and Homeopathy (AYUSH); Ministry of Health and Family
Welfare, Government of India.[7]
Pharmacovigilance program aims to collect data pertaining to
the occurrence of ADR and to identify and quantify the risk
associated with the use of drugs. Such data is used to reach
at inferences to recommend informed regulatory interventions
and communicating risks to health care professionals and the
public. The aim of present study to undertake ADR monitoring
in a Peripheral Pharmacovigilance Center of National
Pharmacovigilance Program. The primary objective of the study
was to analyze the pattern and frequency of ADR to Ayurvedic
medicines in an Ayurvedic hospital setup. The secondary
objective to evaluate and understand various aspects related to
the safety of Ayurvedic medicines.

Materials and Methods
Research design

This prospective and observational study was conducted over a
period of 1‑year from June 2010 to May 2011 at KLE Ayurveda
hospital, Belagavi, Karnataka, India after obtaining the approval
of the Ethics Committee for Research on Human Subjects’,
KLE University’s Shri BMK Ayurved Mahavidyalaya, Belagavi,
with IEC number “IEC/09/PG/ADR/MA.” The study was
registered with the Clinical Trial Registry of India (CTRI) ref.
no. CTRI/2010/091/001164.

Detection of adverse drug reactions

Spontaneous and intensive reporting techniques were followed
to detect the ADRs according to the World Health Organization
(WHO) definition of ADR as “A noxious and unintended response
at doses normally used for prophylaxis, diagnosis, or therapy of
diseases, or for the modification of physiological function.”
All outpatient department (OPD) and inpatient department
(IPD) patients presenting with the ADR were included in the
study. The patients with intentional or accidental poisoning and
under allopathic treatment were excluded from the study.
Under spontaneous reporting technique, the physicians of the
hospital were provided with reporting cards on which they will
record the suspected ADRs. The ward incharge, ward nurse, and
internee were also provided with similar reporting forms. After
the initial notification of the suspected ADR by the physician,
AYU | Apr-Jun 2015 | Vol 36 | Issue 2

additional details were collected by interviews and review of
case record forms. Awareness of ADR monitoring was created
through the clinical meeting with health and clinicians and
nurses of the hospital.
In intensive monitoring technique, all the admitted patients
(IPD) were screened for ADRs during the study period. Patients
were interviewed, monitored daily throughout their hospital
stay by doing rounds. The patients with suspected ADRs were
followed up till resolution or till 45 days, whichever is earlier via
telephone. Their medical records were also reviewed.

Data collection

In the suspected cases, past medical/medication history
with their respective dosage form, route of administration,
frequency, date of onset of reaction, and the patients allergy
status (drug or food) along with constitution (Prakriti), area of
residence (Desha), age (Vayah), time (Kala), strength (Bala),
exercise capacity (Vyayamashakti), digestive capacity (Agnibala)
and disease strength (Rogabala), etc., were collected. The
suspected adverse events (AE) were carefully analyzed and
documented in the standard ADR monitoring for ASU drugs
forms provided from National Pharmacovigilance Program for
ASU drugs Jamnagar, India.[8]

Causality analysis

The causality analysis was done as per approved group suggested
in National Seminar cum Workshop on “Pharmacovigilance of
Ayurvedic Medicine – 2006” and National Pharmacovigilance
Programme for ASU medicine.[9] Accordingly each suspected
case was thus defined under the WHO definition ADR and
further case analyzed by presentation followed by intensive
discussion with heads of Dravyaguna, Rasashastra, Kayachikitsa,
Panchakarma, Prasuti Tantra, and modern pharmacology before
coming to conclusion of suspected cause of occurrence of event.
Subsequent analysis was done by following causality categories
recommended by Uppsala Monitoring Center ‑ WHO
probability scale[10] and Naranjo’s ADR probability scale[11] to
assess the probability of ADRs.
The ADRs thus confirmed were classified according to
demographic, system involved, medicine involved, organ system
involved and symptom wise. Outcome and severity of suspected
ADRs were determined by referring previous published study.[12]

Statistical analysis

Data analysis was performed using Predictive Analytics SoftWare
statistics® version 18. Descriptive statistics including frequency
distribution of key items and bivariate analysis was carried out to
describe the relationship between reported ADRs and variables
as age, gender, type of reaction and therapeutic modalities.
Chi‑square statistic was used to test the association between
reported ADRs and patient’s age, gender, and the seasonal
occurrence of ADR. The association between reported ADRs
and specific variables was assessed by an odd ratio (OR) at 95%
confidence interval. The reported P < 0.05 were used to determine
the statistical significance except where otherwise indicated.

Observations and Results
During the study period, a total of 60,000 patients visited OPD
and 4196 patients to visits to IPD. Of these 2260 were female,
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1936 were male. A total 84 AE reported from both IPD and
OPDs. Out of which 52 were confirmed as ADRs. Of this, 04
ADR reported in OPD while 48 ADRs developed during the
hospital stay (IPD). The overall incidence was 1.143%. Females
experienced a slightly higher incidence of ADRs 28 (1.3%) than
males 20 (1.03%) with OR being 1.2 and P = 0.52 which is
insignificant (P < 0.05) [Table 1].
Age wise classification on the occurrence of incidents of
ADR shows that old age (age of >41) group experienced
more numbers of ADRs 25 (1.27%) compare to other groups
[Table 2].
Season wise classification suggested that 25 (1.18%) patients
suffered with ADRs in period between 16th January and
15th July (the Northern solstice, “Adanakala”) which is high
when compared period between 16th July and 15th January
(the Southern solstice, “Visargakala”) 23 (1.10%) with OR
of 0.93. Statistical insignificant difference was seen in the
incidence rate of ADR with respect to factors such as sex, age,
and season.
Wills and Brown classification of ADR showed that most of
the reactions 20 (38.46%) were of Type A followed by Type U
11 (21.15%) and there were no ADRs of Type B, E, and
G. According to the Naranjo algorithm scale, 38 (73.07%)
reactions were assessed to be probable, 12 (23.07%) as possible
and, 01 (01.92%) as definite. As per WHO probability scale
19 (36.58%) were classified as possible and only 01 (01.92%)
as certain. Severity assessment of the ADRs showed that the
majority of the reactions reported were moderate 30 (57.69%)
and severe were 02 (03.84%). There were no fatal reactions. In

Table 1: Distribution of ADR with respect to sex and
season
Characteristics

Number of OR
patients with
ADR (%)

Sex
Male
Female
Season
Adana
(16th January-15th July)
(the Northern solstice)
Visarga
(16th July-15th January)
(the Southern solstice)

95% CI

P

20 (1.03)
28 (1.3)

1.2 0.67-2.14 0.52

25 (1.18)

0.93 0.52-1.6 0.54

23 (1.10)

CI: Confidence interval, OR: Odds ratio, ADR: Adverse drug reactions

Table 2: Demographic presentation of ADR
Age presentation
according to Ayurveda
Balavasta
(paediatric [1-20 years])
Yavvana
(middle age [20-40 years])
Vriddha (old age [>41])
ADR: Adverse drug reactions
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Number of
patients
736

Number of ADR
with (%) (n=48)
6 (0.81)

1497

17 (1.13)

1966

25 (1.27)

46 (88.46%) ADRs complete recovery was achieved, 2 (03.84%)
were still recovering till reporting period (followed 6‑month)
and 4 (07.69%) ADRs were classified as “unknown outcomes”
in which the outcomes could not be assessed as the patients
sought voluntary discharge from the hospital, and some were
not followed by phone also [Table 3].
In relation to different routes of administration, maximum
ADRs were from oral route 28 (53.84%) followed by topical
application 14 (26.92%) and rectal 07 (13.46%) [Table 4].
In most common treatment modality causing the ADRs and
their reaction, Panchakarma produced the highest number
of reactions 23 (44.23%), and least numbers were associated
restricted diet (Pathya) and material/environmental of
02 (03.84%) [Table 5].
Skin rashes 12 (23.07%) were the most common ADR
reported followed by diarrhea 09 (17.30%), vomiting
07 (13.46%) [Table 6]. The organ systems affected due to ADRs
are accordingly, gastrointestinal (GI) system was found to be
the most commonly affected organ system 24 (46.15%) followed
by the skin 15 (28.84%) [Table 7].

Table 3: Classification and assessment of ADRs
Parameter
Wills and Brown classification
Type A ‑ Augmented reactions
Type B ‑ Bugs reactions
Type C ‑ Chemical reactions
Type D ‑ Delivery reactions
Type E ‑ Exit reaction
Type F ‑ Familial reaction
Type G ‑ Genotoxic reaction
Type H ‑ Hypersensitive reaction
Type U ‑ Unclassified
Naranjo’s ADR probability scale
Definite
Probable
Possible
Doubtful
WHO causality
Certain
Possible
Probable
Unlikely
Unclassifiable
Severity
Mild
Moderate
Severe
Outcomes
Fatal
Fully recovered
Recovering
Unknown

Numbers (%) (n=52)
20 (38.46)
00
03 (05.76)
07 (13.36)
00
04 (07.69)
00
07 (13.36)
11 (21.15)
01 (01.92)
38 (73.07)
12 (23.07)
01 (01.92)
01 (01.92)
19 (36.58)
12 (23.07)
15 (28.84)
05 (09.61)
20 (38.46)
30 (57.69)
02 (03.84)
00
46 (88.46)
2 (03.84)
4 (07.69)

ADRs: Adverse drug reactions, WHO: World Health Organization
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Out of 52 ADRs reported Vatapittaprakriti (constitution)
patients were the most vulnerable and experiencing the
highest numbers of ADRs 15 (28.84%), followed by Pitta
kapha 14 (26.92%), Kaphapittaja 08 (15.38%). There were no
Ekaprakriti patients detected during the study period [Table 8].
Time period of ADR after their admission shows that number
of ADRs were seen in <3 days 36 (75.00%), between >3 days
and <6 days it was 07 (14.58%) and very few ADRs were seen
in >7 days 05 (10.41%) [Table 9].

Table 4: Occurrence of ADR relation in relation to
route of administration of drugs
Route of administration
Oral
Topical (local)
Rectal
Nasal
Ear
Environmental

ADR in numbers (%) (n=52)
28 (53.84)
14 (26.92)
07 (13.46)
02 (03.84)
01 (01.92)
01 (01.92)

ADR: Adverse drug reactions

Table 5: ADRs caused by treatment modalities
Treatment modality
Panchakarma (detoxification process)
Rasaushadhi
Other classical
Proprietary
Pathya (restricted diet)
Material/environmental

Number (%) (n=52)
23 (44.23)
06 (11.53)
13 (25.00)
06 (11.53)
02 (03.84)
02 (03.84)

ADRs: Adverse drug reactions

Table 6: Individual reactions reported for each
therapeutic modality is presented
Drug/
medication
type
Panchakarma

Reaction detail

Skin rashes 02, diarrhea 03,
vomiting 03, headache/nausea
02, constipation 01, rectal
prolapse 01, fewer 03, pain
abdomen 03, duodenal ulcer
01, local pain and swelling 01,
boils 01 and other 02
Rasaushadhis Skin rashes 02, diarrhea 03,
vomiting 01
Classical
Skin rashes 07, diarrhea 02,
herbal
vomiting 01, fewer 01, pain
preparations
abdomen 01, throat pain 01
Proprietary
Skin rashes 01, vomiting 01,
fewer 03, irritability 01
Material/
Vomiting 01, boils 01
environmental
Pathya
Diarrhea 01, headache/
(restricted diet) nausea 01

AYU | Apr-Jun 2015 | Vol 36 | Issue 2

Total
number (%)
(n=52)
23 (44.23)

06 (11.53)
13 (25.00)

06 (11.53)
02 (03.84)
02 (03.84)

Discussion
Observational studies help in understanding the tolerability
profile of marketed medicines in a heterogeneous population
and thus are an important source of evidence to know treatment
outcomes.[13] Pharmacovigilance is one such observational
study which deals with evaluating and monitoring the safety
of medicines and thus helps in identifying risk factors. Large
numbers of such studies are carried in modern hospitals.
But very little information is available for the ADR profile of
Ayurvedic drugs.
In the present study, out of all admissions, 1.143% of patients
experienced ADRs. This is minimal in comparison to a study
carried in an Allopathic Hospital that is, 3.17–3.4%.[14‑16]
Although this study used both spontaneous reporting and
intensive reporting system for ADR monitoring, along with
conducting regular seminars and guest lecturers among the
Ayurvedic health workers and pharmacist to convey the
importance in reporting ADRs in Ayurveda, there were more
reports from intensive reporting method 48 (92.30%) with very
few through spontaneous reporting 04 (07.69%) suggesting the
lack of interest and subject ignorance among clinicians.[15]
The ADRs were found more in female patients 28 (1.3%) than
males 20 (1.03%) which are similar as reported by studies from
Allopathic system.[14‑16] There were more number of ADRs
from old age group (>40 years) patients 25 (1.27%) than other
group (between 1–40 and <1 year) [Tables 1 and 2] this could

Table 7: Organ systems affected due to ADRs
Systems
Gastrointestinal
Skin
Other*
Respiratory
Ear
Cardiovascular
Musculoskeletal

Number of ADRs (%) (n=52)
24 (46.15)
15 (28.84)
11 (21.15)
01 (1.92)
01 (1.92)
00
00

*Fever, irritability etc., ADRs: Adverse drug reactions

Table 8: ADRs as per Prakriti of patients
Prakriti of reported ADR
Kapha‑Pitta
Kapha‑Vata
Pitta‑Kapha
Pitta-Vata
Vata‑Kapha
Vata‑Pitta

Total number (%) (n=52)
08 (15.38)
05 (09.61)
14 (26.92)
03 (05.76)
07 (13.46)
15 (28.84)

ADRs: Adverse drug reactions

Table 9: Time period in the occurrence of ADR in IPDs
Duration
<3 days
>3 days-<6 days
>6 days

ADR in number (%) (n=48)
36 (75.00)
07 (14.58)
05 (10.41)

ADR: Adverse drug reactions, IPDs: In‑patient departments
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be as females, children and old age group are believed to have
low immunity (Alpabalayukta) and more susceptible for drug
sensitivity.[17,18]
Season (Kala) one of the very important factor to considered
during Ayurvedic treatment. It was observed that more numbers
of ADR were seen in the Northern solstice period (Adanakala)
25 (1.18%) than the Southern solstice (Visargakala) 23 (1.10%).
As Ayurveda believed, the Southern solstice is best for
preventing the occurrence of diseases.[19] In our study, it was
observed that in Northern solstice occurrences of ADRs are
more. Therefore, Ayurveda suggests the assessment of season
before administering therapy plays a vital role in preventing
drug events.
Wills and Brown ADR classification suggested that Type A
reactions, 20 (38.46%) were more followed by Type U, which
is unexplainable with Ayurvedic pharmacology (Rasapancaka).
The study also observed Type D reactions, which might be
due to a fault in drug delivery, which include the organoleptic
character. One event was immaterialist wherein, suspected drug/
therapy has no role in the occurrence of event hence, termed
under pseudo allergic reaction.[20,21]
7 (13.36%) hypersensitive reactions observed in the present
study and these are less than other reported studies. The
cause would be selective drug allergy, idiosyncrasy, or pseudo
allergic reactions to drugs.[22] Familial (Type F) reactions were
observed in 4 (07.69%). These types of reactions were seen
in susceptible individuals by administration of drugs that
are opposite to genetic constitution (Prakriti).[23] There were
no Type B, E, and G reactions, as the study was of short
period the Type G (genetic toxicity) reactions, and Type B
reactions (ADRs are related to microbial growth) could not be
observed.
The causality assessment by WHO scale and Naranjo’s ADR
probability suggested possible and probable were more since,
reactions were observed because of not only the drug, but
also other factors like method of preparation of medicines, or
improper diagnosis of disease.
Severity wise classification shows that moderate 20 (38.46%)
to mild 30 (57.69%) reactions were more compare to severe
02 (03.84%). Wherein, other medical system results showed
more severe (10.9%) reaction than other types.[14] In observed
ADRs, complete recovery was achieved in most and no
permanent disability was seen and can be manageable over a
period.

in Ayurveda and site of digestion (Agni) is stomach and
Ayurveda believe that most of the diseases occurring in human
body is because of impaired digestion (Agnimandya).[26] Skin
related ADRs were second highest among the organ system
affected; this could be because after the oral administration,
skin is the second largest route of drug administration in
Ayurveda and primary organ where, first sensitive reactions
exhibits. Most of the hypersensitive reactions irrespective of
drugs are seen on the skin.[27] There were no cardio vascular,
central nervous system and kidney related symptoms suggesting
that Ayurvedic ADRs are mostly mild, self‑limiting and do not
affect the major systems.
Vata‑Pitta Prakriti patients were maximum sufferers of ADRs
rather than other Prakriti signifies that, among the Dwandvaja
Prakriti (two‑fold of constitution), Vata‑Pitta Prakriti is most
vulnerable[28] and Vata predominant[29] persons are more
prone for drug events probably as Vata Prakriti is said to be
nastiest among other Prakriti.[28] No Ekadoshaja Prakriti (single
constitution) patients were reported in our study as it is difficult
to find Ekadoshaja Prakriti persons.
Skin rash was the most common symptom among reported
ADRs which indicates that most of reaction of Ayurveda are
mostly by the hypersensitive or skin allergy and it is thus easy
to suspect the event. Diarrhea was the second commonest
symptom of Ayurvedic ADRs, and this is similar as that of other
studies.[14,16] The commonest used route of drug administration
is oral or rectal route hence the primary symptom would
be probably diarrhea. Also, many of the reported cases were
self‑limiting and doesn’t pose a much financial burden on the
patient hence they are safe when compared with the other
systems of medicines.[14]
It is observed that most of the ADRs occurred within 3 days
of admission to IPD most of them were from Panchakarma
therapy. The drug intended events which occur in a short
period are termed as Badhana (immediate effect) type of drug
events.[30] In fact, there were few ADRs developed after 3‑day
of admission but these cannot be considered under the chronic
effect of the drug, as the patients were followed only for 7‑day.
Each reported case was discussed with the intention of
identifying the underlying drug cause. It revealed that faulty
technique, Bizarre, and drug interaction were common causes
in ADRs of Ayurvedic drugs [Table 10].

Limitations

Therapy wise classification of occurrence of ADR suggested
that more number were related to Panchakarma (detoxification
process) treatment and most of them predominantly by an
iatrogenic factor, of these very few were severe. Hence, Ayurveda
has laid special precautions while practicing Panchakarma.[24]
Second main cause was found to be classical medications, and
the reason could be irrational prescription, improper preparation
or over dose of medication. There is misbelief that Rasaushadi
are toxic and not safe in the community,[25] but the current
study shows ADRs pertaining to Rasaushadi were less in
comparison to others.

Conducted study was short termed hence, the chronic
ADR related to Ayurvedic medicine could not be observed.
Considering the patient discomfort, de‑challenge and
re‑challenge were not followed. Low incidence of ADR could be
due to loss of subjects during follow‑up, owing to low awareness
among patients, underreporting and unintentional ignorance of
adverse effects by treating physician. There could be ambiguity
in assessing ADR as it is difficult to trace the actual cause
because a single formulation has many drugs, and mostly
combinations of these are prescribed. So only a presumption
can be made which is subjective.

GI system was most affected organ system by ADRs which could
be due to the fact that oral is major route of drug administration

All the detected ADRs were reported to National
Pharmacovigilance program for ASU drugs Jamnagar, India.
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Table 10: List of reported ADR
Ayurvedic drug/therapy
Aragwadadi Kashaya and syrup Talekt
Mahavatavidvanshini Rasa
Vaishwanara Kalka, Goarka,
Mutralakashaya
Sashtikasali Pinda Sweda
Erandamoola Niruha Basti
Haridrakhanda with milk
Jaloukavacharana (leech application)
Sahacharadi Taila

Mode of
administration
Oral
Oral
Rectal

Reported event
Skin rashes
Diarrhea
Pain abdomen

Prime ascertained cause after
causality assessment
Bizarre cause
Drug over dose
Iatrogenic

Skin (external)
Rectal
Oral
Skin
Rectal

Skin rash
Rectal prolapse
Exacerbation of tonsillitis
Pain and swelling
Constipation and pain
abdomen
Headache
Pain abdomen and diarrhea

Bizarre cause
Iatrogenic
Bizarre cause
Iatrogenic
Iatrogenic (Sneha Asiddhi
Lakshana)
Iatrogenic
Improper koshta assessment

Headache and wheezing
Pain abdomen and
dehydration
Vomiting and dehydration
Ear ache and partial deafness
Diarrhoea and vomiting
Pain abdomen

Pseudo allergic reaction
Koshtha Viruddha Dravya Prayoga

Karpasasthyadi Taila
Erandamoola and Gomutra Arka
(distillate of cow’s urine)
Brihat Saindavadi Taila
Madana Yoga (a preparation of Randia
dumetorum)
Trivrutta Leha along with milk
Sahacharadi Taila
Agnitundi Vati
Saraswata Ghrita

Nasal
Rectal

Gandha Taila
Mahatiktaka Ghrita

Nasal
Oral

Agastya Haritaki Rasayana
Asanadikashaya and Tab Histantin
Suvarna Bindu Prashana
Dashanga Lepa
Shatadouta Ghrita
Bala Ashwagandha Lakshadi Taila
Combination of Sutashekararasa and
Mayurapiccha Bhasma
Erandamoola Lekhana Basti
Gandhaka Rasayana
Sarsapa Lepa (mustard pack)
Combination of Mahavatavidwanshini
Rasa, Tinispora cordifolia and
Samirapannagarasa
Kottamchukadi Taila

Oral
Oral
Oral
Skin (external)
Skin (external)
Skin (external)
Oral

Vomiting and headache
Vomiting, diarrhea, and
dehydration
Skin rashes
Vomiting and dehydration
Fever, child irritability
Skin rash
Skin rash
Skin rash
Diarrhea

Rectal
Oral
Skin (external)
Oral

Duodenal perforation
Skin rash
Skin rashes
Nausea and vomiting

Iatrogenic
Prakriti Viruddha Dravya Prayoga
Prakriti Viruddha Dravya Prayoga
Over dose

Skin (external)

Prakriti Viruddha Dravya Prayoga

IR light
Shatapushpa (Anethum sowa)
Decoction of Ricinus communis,
Eranda, Vitex negundo and T. cordifolia
Mutralakhada

Skin (external)
Oral
Oral

Skin rash and periorbital
swelling
Boil and redness
Diarrhea
Nausea and oral tingling
sensation and vomiting
Nausea and vomit

Skin (external)
Oral
Oral
Skin (external)
Oral
Oral

Oral

Iatrogenic
Bizarre
Prakriti Viruddha Dravya Prayoga
Improper Purvakarma
(preprocedural therapies)
Bizarre
Selective drug allergy
Bizarre
Bizarre
Bizarre
Bizarre
Bizarre
Bizarre
Over dose

Over dose
Bizarre
Bizarre
Drug organoleptic character

ADR: Adverse drug reactions

Conclusion
Pharmacovigilance study is the need of the hour as they help in
understanding the safety profile of medicines. The present work
is first of its kind with respect to Ayurvedic medicine.
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As observed in the present study, ADRs in Ayurveda are very
less 1.143% of total admissions compared to modern systems
of medicine. Female to male ratio was 1.28; most are mild to
moderate and are not fatal but recoverable and preventable. GI
and skin are the most frequent system affected. Skin rash and
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diarrhea were common symptoms. Panchakarma related drug
events were found to be more frequent. Causality of ADRs of
Ayurveda was probable to possible as per standard scales.
It has shows that maximum numbers of ADR in Ayurveda
are iatrogenic in origin rather than medicine. The other
causes include irrational prescription, drug interaction, good
manufacturing practice concerns, etc.
Most of these ADRs can be prevented with a thorough
knowledge of the texts. Pharmacovigilance is a certain challenge
with Ayurvedic medicines as Ayurveda gives ample scope for the
logical use of medicines based on various factors like Prakruti,
Desha, Kala, etc., So the combination becomes multifold and
varies from patient to patient and physician to physician. Also,
proprietary medicines are also combined with the classical
preparations making it further more complicated. Thereby
causality analysis is difficult. The standard scales also need
modification to suit ADRs of Ayurveda.
This epidemiological study was conducted not to test any
hypothesis or to reach any conclusion; it was to generate the
hypothesis. There is a need to test these issues associated with
the Ayurvedic medicines which are responsible for causing
adverse reactions and need attention, policies, training, and
further experimental studies to prevent them.
The study which was a maiden in its nature to the Ayurvedic
system, has provided base line information about the incidence
of ADRs with their distribution and the data thus generated
will help for more extensive studies.
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{hÝXr gmam§e
Am¶wd}X {ejU AñnVmb ‘| Am¶wd}{XH$ Am¡f{Y¶m| H$m à{VHy$b Xdm à{V{H«$¶m
na EH$ gd}jU
‘§OwZmW EZ. AOZmb, lÕm ¶w. Zm¶H$, A{dZme nr. H$X‘, ~r.Eg. àgmX
¶Õ{n Am¶wd}X g{X¶m| go ^maVr¶ Cn‘hmÛrn ‘| àM{bV h¡, bo{H$Z à{VHy$b Xdm à{V{H«$¶mAm| (E.S>r.Ama.) Am¡a Am¶wd}X XdmAm| H$s
gwajm Ho$ g§~§Y ‘| AÝ¶ ‘wÔm| H$s KQ>Zm go g§~§{YV ì¶dpñWV XñVmdoO H$s H$‘r h¡& ¶h AÜ¶¶Z EH$ Am¶wd}{XH$ AñnVmb ì¶dñWm ‘|
Am¶wd}{XH$ XdmAm| Ho$ {bE E.S>r.Ama. Ho$ à{Vén Am¡a Amd¥{V na ZOa aIZo Am¡a {dûcofU H$aZo Ho$ CÔoí¶ Ho$ gmW Am¶mo{OV {H$¶m
J¶m& ¶h ^mdr AÜ¶¶Z, E.S>r.Ama. {ZJamZr (OyZ 2010 go ‘B© 2011 VH$) EH$ gmb H$s Ad{Y Ho$ {bE ghO Am¡a JhZ {ZJamZr
VH$ZrH$ Ûmam Ho$.Eb.B©. Am¶wd}X ‘mÜ¶{‘H$ XoI^mb AñnVmb, ~obJm§‘, H$Zm©Q>H$, ^maV ‘| {H$¶m J¶m Wm& amoJr OZgm§p»¶H$s, Xdm VWm
{deof à{V{H«$¶m g§~§{YV A§J àUmbr Am¡a CZH$s à{V{H«$¶m n[aUm‘m| Ho$ Am§H$S>o EH$Ì H$a ‘yë¶m§H$Z {H$¶m J¶m& BgHo$ Abmdm à{V{H«$¶m
H$s J§^raVm Am¡a àdV©Z nyd© H$maUm| H$m ^r ‘yë¶m§H$Z {H$¶m J¶m& 1 gmb H$s Ad{Y ‘|, 84 à{VHy$b Xdm à{V{H«$¶m H$s KQ>ZmAm| H$s
gyMZm {‘{b {Og‘o go 52 H$s E.S>r.Ama. Ho$ én ‘o nw{ï> H$s J¶r& g‘J« amo{J¶m| ‘| go Ho$db 1.14% amo{J¶m| ‘|, à{VHy$b Xdm à{V{H«$¶m
nm¶r J¶r {Og‘| go 44.23% n#mH$‘© go, 25% amo{J¶m| ‘| O‹S>r~yQ>r ¶wº$ ¶m|Jm| go, 11.53% agAm¡f{Y¶m| go g§~§{YV Wr& Am‘Vm¡a na
à^m{dV A§J àUm{b¶m| ‘o go OR>am§Ì àUmbr 24 (46.15%) Am¡a ËdMm 15 (28.84%) à^m{dV Wo& 57.69% amo{J¶m| ‘o ‘Ü¶‘ VWm
38.46% amo{J¶m| ‘| Aën à{V{H«$¶m nm¶r J¶r& {OZ‘o g| A{YH$m§e amoJr {M{H$Ëgm go nwZ… R>rH$ hmo J¶o Wo& dV©‘mZ H$m¶© EH$ Am¶wd}
X AñnVmb ‘| Am¶wd}{XH$ {M{H$Ëgm Ho$ {bE E.S>r.Ama. H$s KQ>ZmAm| Am¡a {deofVm XñVmdoO h¡& Bggo Am¶wd}X Am¡f{Y¶m| Ho$ gwa{jV
Cn¶moJ H$mo gw{Z{üV H$aZo, Am¶wd}X ‘| Am¶wd}X Am¡f{Y¶m| H$s à{VHy$b Xdm à{V{H«$¶mAm| na OmJê$H$Vm ~‹T>mZo Ho$ {bE {d{^Þ aUZr{V¶m|
H$mo {dH${gV H$aZo ‘| ‘XX {‘boJr&
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Case Report

Ayurvedic management of postlumbar
myelomeningocele surgery: A case study
Savita Butali, Annapurna R. Patil, Aziz Arbar, Veena Tonne1
Department of Kaumarbhritya, KLEU’s Shri BMK Ayurveda Mahavidyalaya, Shahapur, 1KLEU’s Shri BMK Ayurveda Mahavidyalaya,
Shahapur, Belgaum

ABSTRACT

A 11-year-old male child presented with the complaints of urinary
incontinence, passing hard stools associated with weakness in
lower limbs, deformity of feet, reduced sensation below ankle joint
since he was 5 years of age as noticed by parents. The clinical
features were seen as postlumbar myelomeningocele surgery
and child had congenital talipus equinovarus. For this, he was
administered anulomana, sarvāṅga abhyaṅga (oleation / massage),
saṅgraha cikitsā, avagāha sveda (sudation) and matrā basti (type
of oleaginous enema). After the treatment, child was able to get
control over his bladder, he started feeling sense the fullness of
the bladder, there was a desire to void urine and a reduction in a
number of voids in daytime and a reduced degree of wetness

KEY

WORDS:

Anyonyāvaraṇa,
myelomeningocele, sangrahi cikitsā

apānāvṛtavāta,
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INTRODUCTION

N

eural tube defects (NTDs) account for most of
the congenital anomalies of the central nervous
system, resulting from failure of the neural tube to close
spontaneously between the 3rd and 4th week of in-utero
development. Myelomeningocele (MMC) accounts for
most serious forms among them. This is a condition in
which there is herniation of the spinal cord and membranes
through a defect in the spinal cord. Incidence of MMC
is approximately 1/4000 live births.[1] MMC has been
described even in the times of Hippocrates and Aristotle,
who even recommended killing of the children having
such defects.[2]

Etiology
The etiology of this disease is unknown in 95% of cases.
There may be genetic causes, in that, a previous child born
NTD and parental consanguinity tends to increase incidence.
Environmental causes include folic acid deficiency during
the first trimester, use of teratogenic drugs such as valproate,
carbamazepine. We also observe a higher prevalence in
lower socioeconomic groups. MMC is associated with
neural elements as also the meninges. Majority of defects

occur in the lumbosacral area. Neurological deficits distal
to a defect are most severe.

Clinical features and tridoṣa diagnosis
Location: Spine but commonly lumbosacral (75%) region is
involved. Fluid filled swelling at the back, flaccid paralysis
of the lower extremities, absence of deep tendon reflexes,
lack of response to touch and pain, high incidence of
postural abnormalities of the lower extremities (e.g., clubfeet
and subluxation of the hips). Constant urinary dribbling,
relaxed anal sphincter may be evident.[1]
Among tridoṣa, vāta doṣa plays an important role both in
physiological and pathological actions in its normal and
aggravated conditions.[3] Apānavāyu circulates below the
umbilicus and is located at about the region of the bladder,
performing the functions of absorbing nutrients from
digested food and eliminating the waste products from
the body via purīṣa (stool) and mūtra (urine). Vyānavāyu
circulates throughout the body and is functional in the
entire body including all indriyas.[4] In āvaraṇa (obstruction
episodes), the doṣa that obstructs is aggravated and the one
that is obstructed is said to be innocent (pure normal). Based
on this, the signs and symptoms in MMC can be correlated
with apānāvṛtavyānavāta (where one doṣa is obstructed
by other doṣa ). These symptoms may develop due to
pūrīṣāvṛtavāta.[5] Therefore to release apānavāyu, anulomana
cikitsā followed by saṅgraha cikitsā is administered.

CASE REPORT
An 11 years old, moderately built male child presented with
urine incontinence. He also had the problem of passing hard
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stools associated with weakness in both of the lower limbs.
He was born with a lumbar MMC, which was pea sized at
the time of birth which had gradually increased in size.
The complaints were present ever since he got operated for
lumbar MMC at the age of 6 months with a nearby doctor.
Family history: No significant history.
Ante-natal history: Mother was healthy, no exposure to
radiations or other medications.
Birth history: Full term, type of delivery: Lower segment
caesarean section, birth weight was not known.
Obstetric history: Gravida 4, para 4, live 3 abortion 0. G1male – died within a week after birth, reasons not known.
G2-15 years female – normal. G3-13 years female – normal.
G4-present child.
Developmental history: Gross motor: Delay in walking;
Fine motor: social and language milestone attained at
appropriate age.
Personal history: Vegetarian diet, good appetite, sound
sleep, reduced activity, incontinent bowel.

Mūtra: Incontinent
Jihvā: Nirāma
Śabda: Prākṛta
Sparśa: Prākṛta
Dṛṣṭi: Prākṛta
Ākṛti: Madhyama.

Treatment schedule
External medication

K o ṣ ṭ h a ś o d h a n a w i t h G a n d h a r va h a s t ā d i t a i l a m [ 6 ]
(10 ml + 15 ml milk) for 1 day.
Sarvāṅga abhyaṅga with Balāśvagandhā tailam[7] for 7 days.
Ṣaṣṭika śāli piṇḍa sveda for 7 days.
Matrā basti: Śuddhabalatailam[8] (40 ml)for 8 days.
Physiotherapy: Bladder facilitation technique, B/L foot
mobilization, pelvic floor strengthening exercises for 7 days.
Naturopathy: Spinal massage with prasariṇītailam, alternate
leg raising exercise for 7 days.

Micturition: Incontinent.

Āsana and bandha: Bhujaṅgāsana and Mūlabandha (contraction
and relaxation of anus) for 7 days.

Systemic examination

Assessment

O/E: Gait: Limping, clubbing of feet present (TEV). DTR:
Absent in lower limbs, lack of response to touch and pain
at feet.
Respiratory and cardiovascular system examinations were
normal.

Daśavidha parīks.ā

Mātrā basti retention time increased to 30 min
Ability to control urine increased and can sense the fullness
of the bladder.
The number of voids in day and night and degree of wetness
has reduced.

Prakṛti: vātapittaja vikṛti
Vāta: apāna vāta, vyāna vāta
Sāra: madhyama
Saṃhanana: madhyama
Sattva: madhyama
Vayas: bāla
Vyāyāma śakti: alpa
Āhāra Śakti: madhyama
Sātmya: ṣaḍrasātmaka
Pramāṇa: 17 kg.

RESULTS

As.tasthāna parīks.ā

Internal medication

Nāḍi: 65/min
Mala: Vibandha
54

On the day of admission, child was unable to control
bladder and retention of mātrā basti was very minimal.
After the treatment, gradually he was able retain the mātrā
basti for 30 min. This signifies improvement in bladder and
anal sphincter strength. There was also increased range of
movement of both ankles.
The patient discharged with following medications.

Śuṇṭhi kaṣāya 10 ml bd. śilājit 250 g twice a day, Bilva Avaleha
2 tsf twice a day for 1 month.
Ancient Science of Life / Jul-Sep 2014 / Vol 34 / Issue 1
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External medication
Sarvāṅga abhyaṅga with Balāśvagandhātaila. Avagāha sveda
with daśamūla kaṣāya. Mātrā basti with śuddhabalataila 40 ml
for 1 month.

Outcome and follow‑up
During follow-up, after 1 month the child presented
with significant improvement by subjective assessment
and second course of anulomanacikitsā, sarvāṅga abhyaṅga
(massage), avgāhasveda and mātrā basti (oleaginous enema)
was administered.

DISCUSSION
The extent and degree of the neurologic deficit in MMC
depend on its location. If the damaged spinal cord
is covered, survival is assured but leaves the patient
vulnerable to pressure ulcers on anesthetic areas of the body,
as also to neurogenic bladder and deformities of the wasted,
paralyzed limbs. A lesion in the low sacral region causes
bowel and bladder incontinence associated with anesthesia
in the perineal area but with no impairment of motor
function. For aggressively treated children, the mortality
rate is approximately 10–15%. Most deaths occur before age
4 years, at least 70% of survivors have normal intelligence
but have learning problems, seizure disorders and suffer
from long term effects. As MMC is a chronic handicapping
condition, periodic multidisciplinary follow-up is required
for life.[9]
Constipation and overactive bladder are two conditions
that illustrate the relationship between the bowel and
the bladder. The complex physiology of urologic and
gastrointestinal function is interrelated and this has
implications for the management of disorders affecting both
organ systems. Convergent dorsal root ganglia neurons
receiving sensory input from multiple pelvic organs have
been identified in the colon, bladder, and reproductive
organs. Cross-sensitization between neural pathways in
the pelvic organs is necessary for the routine mediation
of bladder, bowel, and sexual function. This crosstalk,
however, also provides a pathway for abnormal function
of these organs, with the potential for dysfunction of one
pelvic organ leading to functional changes in another.[10]
There is no direct reference to MMC in ayurveda,
but considering the manifestations of disease, it can
be considered as vāta-pradoṣajavikāra. More related to
apāna and vyānavāta. The function of apānavāta, is to
lead downwards, and vyānavāta should be spread out

in all the directions.[11] Vyānavāta āvaraṇa (covering) by
apānavāta, produces excessive discharge of urine.[4] In the
discussion of pañcavātāvaraṇa (occlusion) dīpana (digestive
stimulation) and grāhicikitsā have been prescribed for
apānavāta which gets obstructed by vyāna vāta. For
purīṣāvṛtavāta (vāta doṣa obstructed by purīṣa) eraṇḍataila
(castor oil) and udavartaharacikitsā is mentioned.[12] Hence,
on the day of admission, for anulomana was done using
Gandharvahastādi tailam (rasa madhura, anurasa kaṭu, kaṣāya,
uṣṇa vīrya, madhuravipāka)[13] along with milk. Starting the
second day we administered sarvāṅga abhyaṅga (massage)
with Balāśvagandhātaila (ingredients: Balā [Sida cordifolia],
āśvagandhā [Withania somnifera], rāsnā [Pluchea lanceolata]),
dadhimastu is as the taila (oil) is vātashāmaka (reduces
vitiated vāta doṣa) and balya[14] (gives strength). Mātrā basti
with śuddhabalātailam (ingredients: balā [S cordifolia] guḍūci
[Tinospora cordifolia] rāsnā [pluchea lanceolata] dadhimastu
etc.) because thistailam is a vātashāmaka[15](reduces vitiated
vāta doṣa). Mātrā basti is a type of Anuvāsana basti (oleaginous
enema). The classics say that this type of Basti (enema) can
be given to almost everybody, in all the seasons and it is
Niṣparihārya, i.e. is can be given with maximum ease and
has no complication thereafter. Mātrā basti was administered
here to enhance the tonocity of anal sphincter muscle.
Sneha (oil) used in basti softens the mala (feces) to pass
easily without any discomfort. Physiotherapy exercises
help in pelvic floor strengthening, foot mobilization, and
bladder control. Nature care, spinal massage with light
pressure relieves tension of the nerves and soothes them.
Bhujaṅgāsana helps to strengthen the abdominal and pelvic
muscles. Mūlabandha (sphincter relaxation and tightening
techniques) enhances the sphincter reflex and controls
apānavāta.
The follwing medicines were prescribed at the time of
discharge:
Bilvāvaleha[16] contains bilva (Aegle marmelos) and guḍa
(jaggery) for saṅgrahaṇa action which helps control
incontinence. This was prescribed ot be taken on alternate
days (at bed time) as there was constipation as a chief
complaint. Its main ingredient bilva (Aegle marmelos) being
madhura, tikta rasa, śītavīrya, kaṭuvipāka) grāhī . For dīpana
śuṇṭhi (Zingiber officinalis) kaṣāya (rasa kaṭu, madhuravipāka,
uṣṇavīrya) and avagāha sveda (tub bath) with daśamūla (roots
of 10 drugs altogether) kaṣāya (decoction) (madhura , tikta ,
kaṣāya rasa) was prescribed. Avagāha sveda is prescribed for
trimarmīyacikitsā (for 3 vital organs) among the three,
basti (bladder) and guda (anal region) were treated here.
Avagāha sveda (tub bath) is also mentioned in the context of
vātavyādhicikitsā. Sensations arising from the bladder induce
combined activation of sympathetic skin responses and
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pelvic floor activity. This coherence indicates synchronized
activation and inactivation of the autonomic and somatic
pathways necessary for appropriate urine storage and
coordinated voiding. Śilājit (Asphaltum punjabianum) capsule
was prescribed for its balya (strength-giving), yogavāhi
(catalytic) and rasāyana (rejuvenator) properties.[17] Mātrā
basti (type of oleaginous enema) was prescribed to be
continued at home for 10 days daily and subsequently with
a gap of 10 days for 1 month.
At the end of treatment, child had the ability of initial
bladder filling sensation, and strong desire to void the urine,
reduced degree of wetness and reduction in a number of
voids in daytime.

Take home message
The patients affected with NTDs are generally young
children. The treatment (internal and external) cannot
cure the cause but the quality of life can be improved,
and dependency is minimized. Thephysical disability is
minimized and health and well-being are improved. Hence,
early recognition and inference is essential.
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ABSTRACT

Calcaneus forms the bone of the foot. Due to abnormal pressures,
foot muscles and ligaments are stretched beyond their normal
limits that lead to chronic plantar heel pain, among which
calcaneal spur tops the list. In Ayurveda, it can be correlated
to “Vātakaṇṭaka” (pricking sensation in the foot)‑a painful
condition of heel caused by its improper placement on the
ground. To assess the effect of syringing method (modified
Śṛṅga) in the treatment of Vātakaṇṭaka. A 10 ml syringe was
for ease, hygiene, and to enable the case to be managed in the
outpatient department. A diagnosed case of calcaneal spurs
with pain, tenderness, and swelling visited KLE University’s
Shri BMK Ayurveda Hospital and Research Centre, Belgaum,
Karnataka, India. After Snigdha Patrapoṭṭali sveda (a form of
sudation therapy), bloodletting was performed by syringing
method. In total procedure was performed for 4 times on the
patient. Marked subjective relief was observed. Pain from 8
visual analog scale (VAS) came to 2 visual analog scale (VAS)
and tenderness and swelling relived completely.

KEY WORDS: Calcaneal spur, raktamokshana, raktavarana
vatakantaka, Shringa application therapy

INTRODUCTION

T

he classics opine that in case of blood being vitiated
by Vāta, Pitta and Kapha doṣa, the blood should be
let out by Śṛṅga (cows or deer horn), Jalauka (leech) and
Alābu (cupping), respectively. In cases of vitiation by two
or all the three doṣas together, Sīravyādha (phlebotomy) or
Pracchanna (scraping) karma is practiced.[1]
Application of Śṛṅga is said to bring out blood from an
area of about 10 angulis (10 finger breadths) around the
diseased part; Śṛṅga is advisable if a disease is in an Uttāna
(elevated) stage.[2]

pain due to calcaneal spur forms about 25% in chronic
plantar heel pain, however its pathophysiology is poorly
understood. calcaneus or calcaneum is the largest bone
of the foot. Calcaneal spur is an abnormal growth of bone
in the form of a hook either underneath the foot (inferior
aspect of calcaneus) in relation to the attachment of the
plantar fascia or behind the heel (posterior aspect of the
calcaneum) at the insertion of the Achilles tendon. It is
estimated that 1 in 10 people will develop heel pain in
their lifetime. Incidence occurs between 40 and 60 years
of age.[3,4] Vātadoṣa situated in the heels, when vitiated
and produces pain when the heel is regularly placed on
uneven surfaces.[5]

CASE REPORT
A 59‑year‑old, diabetic patient, nonhypertensive male
on medication for diabetes since 14 years and having
history of alcohol consumption and tobacco‑chewing
since 10 years presented with pain in right heel which
had persisted for 8 months. Pain was of a throbbing type
and tended to aggravate on standing. The patient was
treated with Matrābasti (Ksheerbala taila enema) and
Sthānika iṣṭikā sveda (a form of sudation therapy performed
with bricks) following which a clinical improvement was
noted. One month later, the patient reported with similar
complaints with severe intensity associated with swelling
and tenderness. The pain aggravated on standing, walking
and used to get relieved with rest. With these complaints
when patient reported to our hospital he was advised for
radiograph of right heel, which revealed presence of the
calcaneal spur.
Access this article online
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Plantar heel pain is a commonly encountered orthopedic
problem that can cause significant discomfort and a
limp because of the difficulty in bearing weight. The
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Examination
Respiratory and cardiovascular parameters were under
normal limits. Local examination revealed swelling and
redness over the area, increased local temperature and
tenderness with grade 4.

Treatment schedule
Sthānika abhyaṅga and Patrapoṭṭali sveda using Nirgundi and
arka patra (local oleation and sudation therapies) were
performed to achieve utkleśana (elevation of doṣas). Using
a syringe, blood was removed for the purpose of reducing
raktāvraṇa (a stage where channels are blocked by blood).
This stage clinically diagnosed by grade 4 tenderness.
After the first bloodletting, a marked reduction in pain,
swelling, and tenderness were seen. The bloodletting
procedure was repeated for 3 times on every alternate day.

Operative procedure
Under aseptic conditions, a vein was identified around the
affected heel, and ankle joint and 10cc of blood was drawn
from it [Figure 2].

Postoperative procedure

Assessment
Pain, swelling, and tenderness were assessed. Pain was
assessed on visual analogue scale, where “0” is no pain
and “10” is severe pain. Local swelling was graded where
grade “4” indicates severe swelling and grade “0” indicates
no swelling. Tenderness was also graded with a grade “4”
indicating not allowing to touch and grade “0” indicating
no tenderness. All these parameters were evaluated before
and after the treatment.

After dressing, patient was hospitalized for 2–3 h for
observation. Foot‑end elevation was given [Figure 3].

RESULTS
After 1 h of application, there was a significant reduction of
pain and redness. Results are shown in Table 1.

DISCUSSION

Procedure
The procedure was divided into preoperative, operative,
and postoperative.

Preoperative procedure
The procedure was explained to the patient. Written
consent was taken. Necessary investigations (HIV,
hepatitis B surface antigen, bleeding time, and clotting

Figure 1: Before treatment

time) were carried out. Patient was made to sit on the
examination table, with his lower limbs hanging down
from the table, and a stool was used as a support. Sthānika
abhyaṅga of the affected site was done with Mañjiṣṭhādi
taila [6] and Snigdhapatra poṭṭalīsveda were performed
[Figure 1]. Mañjiṣṭhādi tailam contains Mañjiṣṭhā as the
main ingredient, and it has Vāta hara and Pitta hara
properties. Materials needed for the procedure were
collected, among them were: A 10 ml disposable syringe
with 18 gauze needle which formed the modified Śṛṅga,
cotton and haridrā (Curcuma longa).

Calcaneal spur was first described by Plettner in the
beginning of the 20th century. In “plantar heel spur,” bone
formation occurs at the plantar insertion of plantar fascia
and muscles, whereas in “dorsal heel spur” bone formation
occurs at the insertion of Achilles tendon.[7] These features
roughly correspond to a disease entity mentioned in
Ayurveda classics namely Vātakaṇṭaka. Repeated placing

Figure 2: Procedure of application
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In the case a cow‑horn is to be used, sucking is required,
which is not necessary in case of a syringe. In the present
study, using a syringe has shown encouraging results.
The chūṣaṇa kriyā (creating a vacuum and sucking out
blood) creates a low pressure locally and improves venous
circulation thus raktāvṛtavāta is relieved, and relief in pain is
observed instantly. The swelling is reduced with the reduced
tenderness and provides an anti‑inflammatory effect. On
repeating the procedure, there is a reduction in the tenderness
grades, thus alleviating the pathology stages. The condition
then becomes amenable to cure with oral medication.

CONCLUSION

Figure 3: After treatment

Table 1: Pain, swelling, and redness intensities on application of
blood‑letting procedure
Signs and
symptoms
Pain (on VAS)
Swelling
Tenderness

Before
application
8
Grade 3
Grade 4

On 1st
application
5
Grade 2
Grade 2

On 2nd
application
3
Grade 1
Grade 1

On 3rd
application
2
Grade 0
Grade 0

VAS: Visual analog scale

of the foot on uneven surfaces is mentioned as a causative
factor for the disease.[5]
In the present case, tenderness with a grade 4 was noted.
It indicates involvement/engorgement of local blood
vessels that can be considered as raktāvaraṇa (rakta = blood,
āvaraṇa = obstruction). Raktamokṣaṇa was chosen as a
method to remove raktāvaraṇa. Śṛṅga, one of the methods
of raktamokṣaṇa, was chosen because it has ushṇa
vīrya (hot potency), Madhura (sweet) and Snigdha (oleative)
guṇas (characters), and thus recommended in vitiated blood
with vāta. Here Śṛṅga as indicated by classics is a cow’s
horn. Considering practicality, an alternative for cow’s
horn is desirable. In the present case, we tried substituting
cow‑horn with a syringe and achieved the same desired
results.
Using a syringe is also more practical, hygienic, and can be
practiced effectively done in OPD with least complications.

52

Syringing method can be used as an alternative to Śṛṅga
therapy which is shown encouraging results in the present
case and it needs to be studied on a large sample size.
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ABSTRACT
Virechana (therapeutic purgation) is a common procedure that is widely practiced among the panchakarma treatments (pentad
treatments). Various Virechaka dravyas (purgative drugs) have been described for Virechana. Even after critical analysis
of Virechaka dravyas in the literature, still there is difficulty in the fixation of dose. Hence, the retrospective analysis of
varied outcomes of Virechana with Danti (Baliospermum montanum) avaleha (linctus) is discussed in this paper. The study
included twenty‑seven case reports of patients who were administered Virechana with Danti avaleha. These case reports
are of patients suffering from various ailments such as irregular menstrual cycles, polycystic ovarian syndrome, primary
and secondary infertility, and psoriasis. Danti avaleha was administered at dose of 10 g and 5 g in the Krura (~strong)
and Madhyama (~moderate/normal) Koshta (~GI tract) patients, respectively. Among seven Krura koshta patients, three
of them resulted with Pravara (excellent) Shuddhi and other four resulted with Madhyama (medium) Shuddhi. In twenty
Madhyama koshta patients, sixteen of them resulted with avara (minimum) Shuddhi and remaining four patients resulted
with Madhyama shuddhi. Complications like Udara shoola (spasmodic pain of abdomen) and Vamana (emesis) were
observed during Virechana. Majority of the patients suffered with Udara shoola were of Madhyama koshta. Vamana was
seen in both Krura and Madhyama koshta patients. Irrespective of the type of Shuddhi and complications, all the patients
resulted with Samyak Kaphaantiki Virikta lakshana (signs of perfect purgation with end expulsion of Kapha). The study
concluded that the Krura koshta patients were tolerable for dose of 10 g and are expected to attain Pravara Shuddhi.
Whereas Madhyama koshta patients were intolerable even to mild dose of 5 g, producing Avara shuddhi.
Key words: Danti, Koshta, Samyak kaphaanta lakshana, Virechana

INTRODUCTION
Virechana is therapeutic purgation indicated for multiple
conditions like Pittaja vyadhi (~disorders of pitta), Kushta
(~skin diseases), Meha (~diabetes), Udara (~ascites),
Pandu (~anemia), Hridroga (~cardiacdiseases), Vyanga
(~pigmentation diseases), Swasa (~asthmaticconditions),
Kasa (~chroniccough), Kamala (~jaundice),
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Apasmara (~epilepsy), Unmade (~psychic disorders),
Vatarakta (~gout), Yoni roga (~gynecological disorders).
For example, KLE Ayur veda Hospital Database
has recorded total 714 Virechana procedures in the
year 2014. Virechana has also been studied extensively
by various researches and proven as efficacious over
Shamana (palliative) type of treatment in various conditions
like Tamakashwasa [1] (~bronchial asthma), essential
hypertension.[2] Studies have also reported that Virechana
found to be effective in curing and preventing the
recurrence of Vicharchika[3] (~eczema). Virechana was also
found to be beneficial in chronic conditions like obese
patients with Prameha (~type‑2diabetes).[4] Comparative
studies have also been conducted with two different
purgative medicines to assess its efficacy on psoriasis.[5]
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Numerous drugs have been described for Virechana.
Critical analysis of these drugs with reference to their
pharmacological actions and disease‑specific formulations has
been narrated. Different classifications of Virechaka dravyas
were also mentioned in the literature depending on their
action[5] (Virechaka and Virechakopaga), part[6] and potency[7] of
the drug used. Dose of these drugs has been decided depending
on the form administered (powder/linctus/decoction etc.)
which further depends on the type of Koshta (~gastrointestinal
tract).[8] Even with all these critical inputs, there is difficulty
in the fixation of dose within the patients of similar
Koshta and varied output (Vegas) of Virechana is observed.
Danti (Baliospermum montanum) is the least practiced purgative
drug as a prime medicine. The data with evidence provide
authentic information for clinical application and practice
of Panchakarma. Hence, the analysis of varied outcomes
of Virechana with Danti avaleha administered to the patients
at Department of Panchakarma, KLE Ayurveda hospital,
Belgaum, has been discussed in this paper.
MATERIALS AND METHODS
The present study is a retrospective study of case report
formats of patients who have undergone Virechana with
Danti Avalehya in Department of Panchakarma, KLE
Ayurveda Hospital, Belgaum.
Source of data

Outpatient department and inpatient department case
report formats available at Department of Panchakarma,
KLE Ayurveda Hospital, Belgaum.
Selection of case reports

Completed case reports of patients, who had undergone
Virechana by Danti avaleha, are selected for the study. Total
number of patients undergone Virechana were 30, but only
27 case reports were complete with all details which were
selected in this retrospective study.
Case reports presented that patients have undergone prior
evaluation for fitness of Virechana in the Panchakarma
department. Hence, the patients with pathological
conditions of Annavaha Srotas like Shoola (~acid‑peptic
disorders, gastric ulcer, acute gastritis, cholilitheasis),
Bhagandhara (~acute fissure and fistula) were ruled
out before administration of Virechana procedure as
Teekshana virechana has been advised.
Exclusion of case reports

Incomplete case report formats, where complete details
of Virechana vegas and type of Shuddhi have not been
mentioned and case reports of patients who discontinued
Virechana procedure because of aversion to Snehapana, were
excluded from the study.

Duration of study

All the case reports of the patients collected were in the
span of 18 months (December 2012–April 2014).
Procurement of Danti avaleha

Danti avaleha administered for the patients during this
period was procured from GMP certified KLE Ayurveda
Pharmacy, Belgaum. The medicine used for all the patients
was prepared in a single batch with shelf life of 24 months.
Statistical methods like simple average and percentage
analysis were used in this study.
Assessment of Shuddhi

Shuddhi is defined as the effect resulted in the patient due to
the expulsion of doshas (morbid factors) by administration
of Panchakarma procedures. The following two parameters
are primarily considered to assess the type of Shuddhi.
Vegiki/grading of Shuddhi

Shuddhi attained by Virechana is graded into three types
depending on the number of purgative bouts after the
omission of first two bouts passed initially. Passage of
bouts ranging from 1 to 10, 11 to 20, and 21 to 30 is graded
as avara (least), madhyama (medium), and Pravara (excellent)
type of Shuddhi.
Kapha Aantiki shuddhi

Aantiki shuddhi means type of Dosha expelled during end
of Virechana vegas (purgative bouts). Here, Kapha dosha is
expected to be Aantiki shuddhi which is prime sign for
deciding the Samyak yoga of Virechana (perfect purgation),
apart from the number of bouts.
As per the case reports, all 27 patients were administered
initially with Deepana (carminatives) and Pachana (digestives)
with Chitrkadivati till Nirama lakshanas were observed.
Later, Snehapana (internal oleation) was administered with
Moorchita gritha (processed ghee) till the attainment of Samyak
snigdha lakshanas (proper signs of unctuousness). During the
next 3 days of Vishrama kala, Sarvanga abhyanga (external
oleation) with Moorchita tila taila (processed sesame oil)
followed by Bashpa sweda (sudation) were administered. Finally,
all the patients were administered Virechana with Danti avaleha
in the dose of 5 g and 10 g for Madhyama and Krura koshta,
respectively. In the patients where Ayoga lakshanas (improper
purgation) were observed, Danti avlehya was re‑administered
at the dose of 5 g after assessing their Jeerna aushadhi
lakshanas (signs of digestion of previous dose of medicine).
Observations

Case reports presented that the patients were diagnosed with
irregular menstrual cycles, polycystic ovarian syndrome (11),
primary and secondary infertility (6), and psoriasis (10).

Journal of Ayurveda & Integrative Medicine | October-December 2015 | Vol 6 | Issue 4

301

Chaganti and Prasad: Virechana with Danti avaleha

None of the case reports suggested past history of diabetes
in the patients. Study revealed that patients who were fit
for Teekshana (severe) Virechana were only administered
Virechana with Danti avaleha. The age of the patients in the
reports was found to be in the range of 20–40 years.
RESULTS OF THE STUDY
Among 27 patients, seven of them possess Krura koshta,
and twenty possess Madhyama koshta. Krura koshta patients
attained Snigdhata (unctuousness) in 6 days with average dose
of 215 ml, whereas Madhyama koshta group attained Snigdhata
in span of 4 days with average dose of 180 ml. Signs of
unctuousness were observed in all patients [Table 1].
Among Krura koshta, three patients had Pravara shuddhi
whereas four patients had Madhyama shuddhi with minimum
of 15 and maximum of 24 bouts. Among Madhyama koshta
patients, four had Madhyama shuddhi whereas 16 had
Avara shuddhi with minimum of 6 and maximum of 14
bouts. Kaphantika lakshana was observed in all patients
irrespective of Koshta [Table 2].
Udarashoola and Vamana were the complications observed
in the patients on the day of Virechana. Udarashoola has
been experienced by three Krura koshta and seventeen
Madhyama koshta patients. Vamana was observed in four
Krura koshta and sixteen Madhyama koshta patients.
Four Krura koshta patients who encountered vamana
complication were of Kaphapitta prakriti and
had Madhyama shuddhi. While other three did not have
vamana and attained Pravara shuddhi.
In Madhyama koshta, sixteen patients had Vamana of which
four attained Madhyama shuddhi and 12 attained Avara
shuddhi. While other four attained Avara shuddhi only,
without the complication of Vamana [Table 3].
Punah oushadi prayoga (re‑administration of medicine) was
observed in all Madhyama koshta patients [Table 3].
This study also observed that the patients had undergone
Virechana in different months and presented with different
types of Shuddhi which was not season‑dependent. The
above data depict that the three types of Shuddhi are present
in all the seasons which does not vary much.
DISCUSSION
Danti is one among best six purgative drugs mentioned in our
classics. Danti possesses the qualities like Teekshana (sharp),
Ushna (hot), Guiru (heavy), Aashukari (faster in action),
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Table 1: Signs of unctuousness in respect to
koshta
Type of sign of unctuousness

Krura
Madhyama
koshta (n=7) Koshta (n=20)
Vatanulomana (normal movement of vata)
7
20
Agni deepti (increased digestive fire)
7
20
Twak Snigdhata and Gatra snigdhata
5
18
(unctuousness of skin and body)
Purisha snigdhata (steatorrhea)
7
20
Snehodvega (aversion to sneha)
6
18
Klama/Glani (un‑exertional tiredness)
7
20
Angalaghavata (lightness of body)
3
4

Table 2: Shuddhi in respect to koshta
Shuddhi

Pravara (>20)
Madhyama (11-20)
Avara (1-10)

Krura koshta (n=7)
Number Number of
of bouts
patients
22
03
16
04
00
00

Madhyama koshta (n=20)
Number Number of
of bouts
patients
00
00
13
04
8
16

All the 27 patients had Kaphaanta

Table 3: Shuddhi versus Vamana complications
Status/occurrence
of complication
Absence of
Vamana upadrava
Presence of
Vamana upadrava

Outcome/bouts of Virechana
(number of patients)
Krura koshta (7)
Madhyama koshta (20)
3 ‑ Pravara
4 ‑ Avara shuddhi
shuddhi
4 ‑ Madhyama
4 ‑ Madhyama shuddhi
shuddhi
12 ‑ Avara shuddhi

Vamana complication observed in general after first Vega of Virechana. In all
Madhyama koshta patients, punah virechana aushada was administered at the
dose of 5 g when ayoga was observed. Number of patients in parenthesis

Vikasi (relieves obstruction). This is more beneficial in
reducing pitta and Kapha doshas.[9] Virechana with Danti
is mainly indicated in Gulma (growth), Udara (ascites),
Granthi (cysts), Aavrita vata (complex pathological conditions
of Vata), Aartava dhushti (menstrual disorders), kushta (skin
disorders) [10] and in the conditions where Teekshana
virechana[11] (strong purgation) is advised. This drug can be
administered as a purgative in all seasons.[12] In spite of
many indications, still this drug is used as only an ingredient
in many formulations like Kaishora guggulu, chandraprabha
vati etc., rather than as a purgative drug. This may be due
to the above complications like Udara shoola and Vamana.
Intolerance of the drug was experienced by the patients
when administered for purgation and even there is difficulty
in the fixation of dose also. Hence, this retrospective study
was performed to understand the common dose of Danti
avaleha administered and the presentation of bouts.
This study shows that the duration of Snehapana and
quantity of Sneha consumed with respect to the Koshta
are almost similar to earlier studies on Samyak snigdha
lakshanas.[13] The earlier studies also presented the duration
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of Snehapana in the same range of 6–7 days for Krura koshta
patients and 4–5 days in Madhyama koshta patients. In this
study, the percentage of patients those attained Samyak
snigdha lakshanas like Shakhagata (oleation of peripheral
tissues/exterior tissues)/Twacha snigdha (uctousness of skin),
Koshtagata (oleation at Gastrointestinal tract [GIT])/Purisha
snigdha (slimy stools with fat), and Snehodvega (aversion to
Sneha) with respect to koshta were in parity with previous
studies [Table 1].[13]
The age of the patients in the case reports was in the range
of 20–40 years where the dose of medicine remains standard.
Hence, the dose of Danti avaleha administered in these
patients was not age‑dependent but based on type of Koshta.
Pravara shuddhi was observed only in Krura koshta patients,
whereas Madhyama shuddhi was noticed in both Krura and
Madhyama koshta patients. Avara shuddhi was seen only in
patients of Madhyama koshta. The purgative bouts observed
in Krura koshta were in the range of 15–24, whereas the
bouts in the Madhyama koshta ranged between 6 and
14. Samyak virikta lakshana of Kaphaanta was attained
irrespective to the number of bouts, which might be due to
Teekshana (penetrant) and bhedana (purgative) gunas of Danti.
Pravara type of shuddhi was observed in those Krura koshta
patients where complete medicine was retained due to the
absence of Vamana. That might have caused more number
of Vegas resulting in Pravara shuddhi. The other set of Krura
koshta patients who attained Madhyama shuddhi may be
ranging from Madhyama to Krurata. Hence, they might have
vomited due to intolerance of drug and thus produced less
number of Vegas resulting in Madhyama type of Shuddhi.
Fur ther analysis has shown that Udara shoola
(spasmodic abdomen) was experienced by twenty patients
among whom three patients belong to Krura koshta and
remaining seventeen belongs to Madhyama koshta. Onset of
Udara shoola was observed within 10 min of administration
of drug in all twenty patients, and fifteen of them were
relieved from pain soon after Vamana. In general, Udarashoola
is expected with abnormal dosage, excessive higher dose,
improper purification (Shodhana) of the medicine and
in conditions like administration of Teekshana dravya in
mridu koshta (high potent medicine in mild Koshta).[14] The
conditions affecting GIT like acid‑peptic disorders, ulcer,
acute fissure and fistula etc., were also evaluated. Even in the
absence of all the above factors, the occurrence of abdomen
pain in patients may be attributed to Teekshana guna of Danti.
Even in the absence of causative factors of Vamana
like administration of purgation during Kapha kala
(kapha predominance time), Kapha associated conditions
and low intensity of agni,[14] the condition “Vamana” was

still be observed. This again might be due to Teekshana
guna of Dravya leading to spasmodic pain in abdominal
muscles with contractions and expulsion of Dravya through
oral route. Another important point to be noted is that
the Vamana happened in all the patients after their first
purgative bout, clearly indicating that emesis was not due
to patient’s aversion for medicine.
Relation between Shuddhi and the complication Vamana
in Krura Koshta: Here, the Koshta is predominant of Vata
and Kapha dosha.[15] The patients (3) who did not vomit the
drug can be understood as possessing the inherent quality
of Krura tama (excess krura/strong) in their Koshta where
vata is predominant. Hence, they were able to tolerate
Teekshana dravya and had maximum average number
of Vegas (22.4). The other four patients might be of
Krura tara (moderate strong) with Kapha predominant
Koshta and hence vomiting was observed. But still they were
able to exert average bouts of sixteen without requiring
re‑administration of the second dose.
Re‑administration of medicine in Madhyama koshta

Madhyama and Avara shuddhi were observed in all
Madhyama koshta patients. Among Madhyama koshta, 80%
of them presented with the complication of Vamana
and remaining 20% did not have Vamana. Avara vegas
were observed in all patients irrespective of Vamana
complication. The second dose of 5 g medicine was
administered only after ascertaining the digestion of
previous dose. Even after re‑administration of medicine,
there was no much improvement in the number of bouts.
The dependence of season on the number of bouts or type
of Vegiki shuddhi (end point) is evaluated. It is clearly evident
from the data that the three types of Shuddhi were seen in all
the seasons. This indicates that Vegiki shuddhi is not related
to season and dependent only on the effect of drug.
Further the age of patients was not related to the type of
Shuddhi attained. From the observation, it is found that all
patients who had undergone Virechana were in the age range
of 20–40 years where the dose of drug remains same as
per classics. Hence, the type of Shuddhi is more dependent
on the quantum of Doshas (morbid factors), rather than
age of the patient and their dose.
Danti (Baliospermum montanum) is attributed for possessing the
property of hydragogue cathartic.[16] This means it produces a
discharge of watery fluid belonging to the class of cathartics
that retains fluids in the intestines and aid in the removal of only
edematous fluids which can be correlated to bhedana/rechana
type of Virechana. Hence, this might have induced the purgation
even at mild doses. The difference in the number of bouts may
be due to the individual response to the phytochemicals such as
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baliospermin and montanin,[17,18] present in Danti moola, which
might be responsible for purgation.
Danti is a least practiced drug for purgation because of
the complications like intolerance of the drug, spasmodic
abdomen and emesis of the medicine. In spite of these
complications, still Kaphaantaki was observed in all the
patients of either koshta which is the Samyak virikta lakshana.
CONCLUSION
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ABSTRACT
Background: Saraca asoca (Roxb.) Wilde (Fabaceae) is a high valued but vulnerable medicinal plant of Western Ghats
region. This plant is mainly known for its use in various gynecological disorders. Objective: The objective of the present
study was to investigate seasonal variation of the polyphenolic compounds viz., epicatechin and gallic acid in the bark
of S. asoca by using Reverse Phase High Performance Liquid Chromatography‑Diode Array Detector (RP‑HPLC‑DAD)
method. Materials and Methods: The bark was collected in six different Ritu (season) viz. Varsha (monsoon),
Sharad (autumn), hemant (early winter), Shishir (winter), Vasanta (spring), and Grishma (summer) mentioned in Ayurveda.
Results: The RP‑HPLC‑DAD analysis indicated that levels of epicatechin and gallic acid in the bark of S. asoca vary
seasonally. The highest concentration of epicatechin was observed in Shishir Ritu (3315.19 ± 165.76 mg/100g) and
gallic acid during Hemant Ritu (211.90 ± 10.60 mg/100 g). Conclusions: In present study, the ability to synthesize and
accumulate both the compounds in bark of S. asoca varied greatly throughout the seasons. It was also observed that the
compound epicatechin was present abundantly as compared to gallic acid throughout the seasons.
Key words: Ayurveda, epicatechin, gallic acid, Saraca asoca (Roxb.) Wilde, seasonal variation

INTRODUCTION
Saraca asoca (Roxb.) Wilde (Fabaceae) commonly known
as ‘Ashoka’ is a highly valued medicinal plant categorized
‘vulnerable’ by International Union for Conservation of
Nature [Figure 1]. This plant is mainly known in Ayurveda
for its use in gynecological disorders.[1,2] Recent studies
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revealed that aqueous and alcoholic extracts of the stem
bark of S. asoca have been reported phenolic glycoside P2
from phenolic glycoside fraction and also non‑phenolic
glycosides which have stimulant action on isolated human
uterus.[3,4] Moreover, the phenolic glycoside P2 was inactive
on central nervous system (CNS), cardiovascular system, and
smooth muscles other than uterus.[3] Furthermore, diverse
pharmacological activities viz., antibacterial,[5] anticancer,[6]
antimutagenic, genoprotective effect,[7] antihyperglycemic,[8]
antioxidant, [8,9] molluscicidal, [10] anxiolytic, [11] CNS
depressant, [12] anti‑pyretic, [13] and analgesic [14] have
been reported from different parts of S. asoca. This
plant is used to treat skin infections, CNS function,
genitor‑urinary functions, uterus pain during periods, clots,
and ammenorhea.[15] Polyphenolic compounds catechin,
epicatechin, leucocyanidin, [16] leucopelargonidin, [17]
procyanidin B‑2, 11′‑deoxyprocyanidin B,[18] b‑sitosterol,[19]
gallic acid, quercetin, (‑) 3‑O‑p‑D‑glucoside,[20] catechol, (‑)
epicatechol[16‑19] apigenin‑7‑O‑b‑D‑glucoside, cyanidin‑3,
5‑diglucoside, kaempferol 3‑O‑b‑D‑glucoside,
pelarg onidin‑3,5‑diglucoside, quercetin and its
3‑O‑b‑D‑glucoside, n‑octacosanol, (−)‑procyanidin
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derivatives, methyl‑ and ethylcholesterol derivatives,
kaempferol‑3‑O‑a‑L‑rhamnoside, amyrin, and ceryl
alcohol[19,21] have been identified from the plant of S. asoca.
Out of the identified compounds, epicatechin and gallic
acid are the major polyphenolic bioactive molecules in
the bark of S. asoca, which have various pharmacological
effects. Gallic acid shows evidence of suppression of
a high‑fat diet‑induced dyslipidemia, hepatosteatosis,
oxidative stress in rats,[22] and also possess many potential
therapeutic properties including anti‑cancer, antimicrobial
properties,[23] and neuroprotective action.[24] Epicatechin
protects endothelial cells against oxidized low‑density
lipoprotein (LDL) by scavenging free radicals, maintaining
nitric oxide synthase,[25] and possess insulin‑like activity.[26]
Gallic acid and epicatechin have cholesterol‑lowering activity
by inhibiting pancreatic cholesterol esterase, binding of bile
acids, and reducing solubility of cholesterol in micelles.[27]
Ayurveda is the ancient science of medicine. It is suggested
that part specific and Ritu (season) specific collection of plant
capitulate gives maximum efficacy and potency (Veeryavan).[28]
Ayurveda mentions six Ritus (seasons) viz. Shishira (winter),
Vasanta (spring), Grishma (summer), Varsha (monsoon),
Sharada (autumn), and Hemanta (early winter).[29] The officinal
part, stem bark (Twak) of S. asoca is used for therapeutic
purpose.[30] In Charaka samhita and Sushruta samhita, it has
been suggested that the stem bark of medicinal plants should
be collected in Sharada Ritu (Ashwin‑Kartik).[31,32] The aim of
the present study was to analyse the seasonal variations of
the epicatechin and gallic acid in the bark of S. asoca.
MATERIALS AND METHODS
Chemicals

Epicatechin [(−)‑cis‑3, 3′,4′,5,7-Pentahydroxyflavane]
[Figure 2a] and gallic acid [3,4,5‑trihydroxybenzoic
acid] [Figure 2b] were purchased from Natural
Remedies, Bangalore, India. The high performance

liquid chromatography (HPLC) grade acetonitrile,
glacial acetic acid and water were purchased from Fisher
Scientific (Thermo electron LLS India Pvt. Ltd.)
Plant collection and processing

The plant of S. asoca was identified and authenticated at Regional
Medical Research Centre (RMRC), Belgaum (Voucher No.
RMRC 980). The bark was collected from a single habitat
from Belgaum region (N 15.862 E 074.510; elevation:
799M above MSL) during specified Ritu (season) as given
in Table 1[33,34] from the same trees (n = 3). Flowering trees
over 3‑meters height were considered as mature plants for
collection of bark samples (each tree one bark sample). The
collected bark (from 3 trees) was shade dried, powdered,
sieved, and stored in cool and dry place until further use.
Extraction of plant material

Extraction was achieved using cold maceration technique for
all samples. Two‑gram bark powder was accurately weighed
and soaked in 20 mL methanol overnight. The mixture was
sonicated (Sonicater bath, Bandelin‑Sonorex, Germany,
35 KHz) for 30 minutes and filtered using Whatman No. 1
filter paper. The extraction procedure was repeated three
times and pooled. The solvent was distilled off using
Rotaevaporator at 40ºC. The extracts were stored in sealed
vial at 4ºC until analysis. The concentration of 0.5 mg/
mL was prepared in methanol and was used for RP-HPLC
analysis after filtering through 0.2 µ Nylon filter paper.
Table 1: Seasons as per Indian and English
calendars
Year of
Indian calendar
collection Month
Ritu
2012
Shraavana (Sawan) and Varsha
Bhadrapada (Bhado)
2012
Ashwin (Kwar) and
Sharad
Kartika
2012‑13
Margashirsha
Hemant
(Agrahayana, Agahan)
and Pausha (Poos)
2013
Magh and
Shishir
Phalguna (Phagun)
2013
Chaitra and Baisakh
Vasanta
2013

English calendar
Month
Season
July to
Monsoon
September
September Autumn
to November
November to Early
January
winter

January to
March
March to
May
Jyeshta and Aashaadha Grishma May to July

2+

+2

Winter
Spring
Summer

2

2+

2
2+

2+

+2

2+

a
Figure 1: Inflorescence of Saraca asoca
30

2+
2+

b

Figure 2: Chemical structure of (a) Epicatechin; (b) Gallic acid
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Reverse phase high performance liquid chromatographydiode array detector (RP‑HPLC‑DAD) analysis

The RP‑HPLC analysis was performed on Shimadzu
chromatographic system (Model no. LC‑20AD) consisting of
a quaternary pump, manual injector, degasser (DGU‑20A5),
and dual λ ultraviolet (UV) absorbance diode array
detector (Model No. SPD‑M20A). The built in LC (Liquid
Chromatography) solution software system was used
for data processing. Chromatographic separation was
achieved on a Qualisil BDS (Base Deactivated Silica)
250‑4.6 mm (5 µm) C18 column. A mobile phase consisting
of “A” (acetonitrile), “B” (water), and “C” (glacial acetic
acid) were used for separation with 12:85:3 in an isocratic
mode with injection volume of 20 µL. The flow rate was
0.7 mL/min and the detection wavelength of diode array
detector (DAD) was set 280 nm with 18‑minutes run time
for both standard and sample.
Calibration and linearity

Calibration and linearity was achieved by accurately weighing
epicatechin and gallic acid dissolved it in methanol to obtain
mg/mL standard stock solution. The stocks were serially
diluted to prepare working solutions (epicatechin: 0.5 to
10 µg/mL; gallic acid: 0.1 to 10 µg/mL) for calibration
curves at five concentration levels separately. All solutions
were stored at 4ºC temperature. The calibration curve for
the standards with above analytical column was established
by peak areas and concentrations of working solutions.
System suitability

The system suitability test was assessed by three
replicate injections of the standard solutions at a certain
concentration. The peak areas of epicatechin and gallic acid
were used to evaluate repeatability of the method and their
peaks were analyzed for resolution and tailing factors. The
limits of detection (LOD) and quantification (LOQ) were
determined with the signal/noise method. Signal/noise
ratios of 3.3 and 10 were applied for estimating the LOD
and LOQ, respectively.
RESULTS
The yields of extracts at different seasons were
34.88 ± 1.74% (Shishira); 20.32 ± 1.02% (Vasanta);
9.33 ± 0.47 (Grishma); 22.34 ± 1.12% (Varsha);
19.86 ± 0.99% (Sharada); 33.00 ± 1.65% (Hemanta). The
identification of the two polyphenols viz., epicatechin
and gallic acid in the extract of S. asoca, was done by
comparing retention times and UV spectral data with
those of authentic standards. The profiles of both
samples and standards are presented in Figure 3 (a‑e).
Profiles with retention time of 16.056 ± 0.158 minutes
for epicatechin and 6.208 ± 0.040 minutes for gallic

acid was recorded [Figure 3 a and b]. A 5‑point standard
computer generated linear calibration curve of standard
epicatechin and gallic acid within the concentration
ranges of 0.5‑10 µg/mL and 0.1‑10 µg/mL, respectively
was obtained with coefficient of determination (R2)
not more than 0.982 [Figure 3 c‑d]. The regression
equations showed significant relationship between peak
area and concentration and this equation was used to
estimate contents from samples. LOD of epicatechin
and gallic acid were 0.192, 0.490 µg/mL, and LOQ were
0.582, 1.485 µg/mL, respectively. The relative standard
deviation (RSD) values were less than 2% indicating
method to be precise and reproducible. Validation of
method was done by spiking 50 µL (5µg/mL) of standards
to equal volume of extracts to obtain recovery within the
range of 95‑100%.
The profile of epicatechin and gallic acid using
RP‑HPLC‑DAD analysis of the extracts of bark of
S. asoca was obtained during six different seasons, achieved
as the final output of this study. The results of RP‑HPLC
quantitative analysis of the content yields of epicatechin
and gallic acid are presented in Figure 4. The analysis
revealed that sample collected during Shishira Ritu contained
higher level of epicatechin (3315.19 ± 165.76 mg/100g),
whereas gallic acid was found in high amount during
Hemanta Ritu (211.90 ± 10.60 mg/100g). On the other
hand, lowest content was recorded during Grishma
Ritu (409.40 ± 20.47 mg/100g) for epicatechin and Vasanta
Ritu (30.96 ± 1.55 mg/100g) for gallic acid. More than
80% difference between highest and lowest content in
epicatechin and gallic acid were observed [Figure 4].
DISCUSSION
As per Ayurveda, potency of the bark drug corresponding
to the action should be at its peak during Sharada Ritu.
Thus it is expected that the contents responsible for this
action must be abundant in the respective season. But in
the present investigation Shishira and Hemanta Ritu were
responsible for yielding higher content of epicatechin and
gallic acid, respectively. The quantitative and qualitative
divergence may be due to the climatic conditions, which
in turn may affect the composition and other secondary
metabolites of the plants.[35,36] Phenolic compounds are said
to be maximum during the summer season which is also
evident from the present study.[37] The compounds may
accumulate at a particular period in the plants with response
to environmental changes.[37,38] Biological activity which
is dependent on the chemical composition, is similarly
subject to variation depending on the said factors.[39]
Ayurveda emphasizes on standardization of the crude drug
as well as the end product. The time of collection, place
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Figure 3: HPLC chromatograms of (a) Standard epicatechin 5 µg/mL; (b) gallic acid 5 µg/mL; (c-d) Five-point calibration curves of the standard
epicatechin and gallic acid; (e) HPLC profile of samples collected during different Ritu or season. HPLC: High performance liquid chromatography
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Figure 4: Comparative histogram of epicatechin and gallic acid in the bark of S. asoca. EPI: Eicatechin, GA: Gallic acid
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of collection, methodology is documented in the ancient
texts. All these factors are basically being told for utilizing
the maximum potency of the medicine.[40] Apart from the
phytochemical group of substances typical for a taxon,
the chemical outfit depends on the specific genotype, the
stage of plant development, influence of environmental
factors and the part of the plant.[41] The variation in the
secondary metabolites among plants chemotype may occur
within different sites. This may also be due to genetic
responses to climatic and edaphic factors in formation of
secondary metabolites.[42,43]

8.

9.

10.
11.
12.

CONCLUSION
It was observed that Ritu or season influences secondary
metabolite concentration in the plants or its parts. In
present study, the ability to synthesize and accumulate
both the compounds in bark of S. asoca varied greatly
throughout the seasons. Apart from this, it was also
observed that the compound epicatechin was present
abundantly as compared to gallic acid throughout the
seasons. Consequently, to obtain optimum utility of the
plant as a source of medicine, the screening for presence of
the secondary metabolites during different season is useful.
Further studies are required to determine and correlate the
biological activities with respect to the concentration of
compounds present in the plant/plant parts.
ACKNOWLEDGMENTS
Authors are thankful to the Dr. B. S. Prasad, Principal, KLE’U
Shri. B. M. Kankanwadi Ayurveda Mahavidyalaya, Belgaum and
Officer‑in‑Charge, RMRC, Belgaum for providing necessary
facilities.

REFERENCES
1.
2.
3.

4.
5.
6.
7.

Billore KV, Yelne MB, Dennis TJ, Chaudhari BG. Data Base
on Medicinal plants used in Ayurveda. Vol. 4. New Delhi:
CCRAS; 2005. p. 423‑32.
Chakrapanidatta Chakradatta. In: Sharma PV, editor. 3rd ed.
Varanasi: Chaukhamba Publishers; 2002. p. 524.
Satyavati GV, Prasad DN, Sen SP, Das PK. Oxytocic activity
of a pure phenolic glycoside (P2) from Saraca indica Linn
(Ashoka): A short communication. Indian J Med Res
1970;58:660‑3.
Satyavati GV, Prasad DN, Sen SP, Das PK. Further studies on
the uterine activity of Saraca indica Linn. Indian J Med Res
1970;58:947‑60.
Pal SC, Maiti AP, Chatterjee BP, Nandy A. Antibacterial
activity of flowers and flower buds of Saraca indica Linn.
Indian J Med Res 1985;82:188‑9.
Varghese CD, Satish, Nair C, Panikkar KR. Potential anticancer
activity of Saraca asoca extracts towards transplantable
tumours in mice. Indian J Pharm Sci 1992;54:37‑40.
Nag D, Ghosh M, Mukherjee A. Antimutagenic and
genoprotective effect of Saraca asoca bark extract. Toxicol
Ind Health 2013. doi: 10.1177/0748233713483200.

13.

14.
15.
16.
17.
18.
19.
20.
21.
22.
23.
24.

25.
26.
27.
28.
29.

30.
31.

Kumar S, Narwal S, Kumar D, Singh G, Narwa S, Arya R.
Evaluation of antihyperglycemic and antioxidant activities
of Saraca asoca (Roxb.) De Wild leaves in streptozotocin
induced diabetic mice. Asian Pac J Trop Dis 2012;2:170‑6.
Saha J, Mukherjee S, Gupta K, Gupta B. High‑performance
thin‑layer chromatographic analysis of antioxidants present
in different parts of Saraca asoca (Roxb.) de Wilde. J Pharm
Res 2013;7:798‑803.
Singh A, Singh VK. Molluscicidal activity of Saraca asoca
and Thuja orientalis against the fresh water snail Lymnaea
acuminata. Vet Parasitol 2009;164:206‑10.
Manohar VR, Mohandas R, Chandrashekar R. Acute anxiolytic
effect of ethanolic extract of Saraca asoka bark in wistar
albino rats. Int J Bioassays 2013;2:926‑8.
Verma A, Jana GK, Sen S, Chakraborty R, Sachan S,
Mishra A. Pharmacological evaluation of Saraca indica leaves
for central nervous system depressant activity in mice.
J Pharm Sci Res 2010;2:338‑43.
Varaprasad N, Suresh A, Suresh V, Kumar SN, Rajendar A,
Madeshwaran M, et al. Anti pyretic activity of methanolic
extract of Saraca asoca (Roxb.) de Wild leaves. Int J Pharm
Res Dev 2011;3:202‑7.
Verma A, Jana GK, Chakraborty R, Sen S, Sachan S,
Mishra A. Analgesic activity of various leaf extracts of Saraca
indica Linn. Pharm Lett 2010;2:352‑7.
Nadkarni KM. The Indian Materia Medica. 3rd ed. Bombay:
Popular Book Depot; 1957. p. 1075.
Indrani N, Balasubramanian K. Isolation of condensed tannins
from Saraca ashoka. Part I. Leather Sci 1984;31:349‑51.
Kaur DJ, Misra K. Leucoanthocynidins from Saraca ashoka
stem bark. J Indian Chem Soc 1980;57:1243.
Middelkoop TB, Labadie RP, Proanthocynidins in the bark of
Saraca asoca Roxb. De Wilde. Z Naturforsch 1985;40B: 855‑7.
Behari M, Andhiwal CK, Ballantine JA. Phytosterols from the
bark of Saraca indica Linn. Indian J Chem 1977;15B: 765‑6.
Sadhu SK, Khatun A, Phattanawasin P, Ohtsuki T,
Ishibashi M. Lignan glycosides and flavonoids from Saraca
asoca with antioxidant activity. J Nat Med 2007;61:480‑2.
Khare CP. Indian Medicinal Plants. An Illustrated Dictionary.
Berlin/Heidelberg: Springer Science, Springer‑Verlag; 2007.
Hsu CL, Yen GC. Effect of gallic acid on high fat diet‑induced
dyslipidaemia, hepatosteatosis and oxidative stress in rats. Br
J Nutr 2007;98:727‑35.
Ow YY, Stupans I. Gallic acid and gallic acid derivatives:
Effects on drug metabolizing enzymes. Curr Drug
Metab 2003;4:241‑8.
Bastianetto S, Yao ZX, Papadopoulos V, Quirion R.
Neuroprotective effects of green and black teas and their
catechin gallate esters against beta‑amyloid‑induced toxicity.
Eur J Neurosci 2006;23:55‑64.
Steffen Y, Schewe T, Sies H. Epicatechin protects endothelial
cells against oxidized LDL and maintains NO synthase.
Biochem Biophys Res Commun 2005;331:1277‑83.
Rizvi SI, Zaid MA. Insulin‑like effect of (‑) epicatechin on erythrocyte
membrane acetylcholinesterase activity in type 2 diabetes
mellitus. Clin Exp Pharmacol Physiol 2001;28:776‑8.
Ngamukote S, Mäkynen K, Thilawech T, Adisakwattana S.
Cholesterol‑lowering activity of the major polyphenols in
grape seed. Molecules 2011;16:5054‑61.
Acharya YT. Charaka Samhita of Agnivesha; Kalpasthana;
Madanakalpa. Reprint ed. ch. 1. Ver. 7. Varanasi:
Chaukhamba Orientalia; 2011. p. 652.
Sharma R, Amin H, R G, Prajapati PK. Seasonal variations in
physicochemical profiles of Guduchi Satva (starchy substance
from Tinospora cordifolia [Willd.] Miers). J Ayurveda Integr
Med 2013;4:193‑7.
Sharma PC, Yelne MB, Dennis TJ. Database on medicinal plants
used in Ayurveda, Vol. 3. New Delhi: CCRAS; 2001. p. 76.
Acharya YT. Charaka Samhita of Agnivesha; Kalpasthana;
Madanakalpa. Reprint ed. Ch. 1 verse 10. Varanasi:

Journal of Ayurveda & Integrative Medicine | January-March 2015 | Vol 6 | Issue 1

33

Ketkar, et al.: Seasonal variation of epicatechin and gallic acid in the bark of S. asoca
Chaukhamba Orientalia; 2011. p. 653.
32. Acharya YT. Sushruta Samhita of Sushruta; Sutrasthana;
Bhumipravibhagiya. Reprint ed. ch. 37. Ver. 5. Varanasi:
Chaukhamba Sanskrita Sansthana; 2010. p. 159.
33. Raghavan V. Ritu in Sanskrit literature; Shri Lal Bahadur
Shastri Kendriya Sanskrit Vidyapeetha. Delhi; 1972.
34. Available from: http://en.wikipedia.org/wiki/Ritu_(Indian_
season). [Last accessed on 2014 May 4].
35. Joshi RK, Badakar VM, Kholkute SD, Khatib N. Chemical
composition and antimicrobial activity of the essential oil of
the leaves of Feronia elephantum (Rutaceae) from north west
Karnataka. Nat Prod Commun 2011;6:141‑3.
36. Joshi RK. Pulegone and menthone chemotypes of Mentha
spicata Linn. from Western Ghats region of North West
Karnataka, India. Natl Acad Sci Lett 2013;36:349‑52.
37. Pai SR, Pawar NV, Nimbalkar MS, Kshirsagar PR, Kolar FK,
Dixit GB. Seasonal variation in content of camptothecin
from the bark of Nothapodytes nimmoniana (Grah.)
Mabb., using HPLC analysis. Pharmacognosy Res 2013;
5:219‑23.
38. Pai SR, Nimbalkar MS, Pawar NV, Patil RP, Dixit GB. Seasonal
discrepancy in phenolic content and antioxidant properties
from bark of Nothapodytes nimmoniana (Grah.) Mabb. Int J
Pharma Bio Sci 2010;1:3:1‑8.
39. Hussain AI, Anwar F, Nigam PS, Ashraf M, Gilani AH.

34

40.
41.
42.
43.

Seasonal variation in content, chemical composition and
antimicrobial and cytotoxic activities of essential oils from
four Mentha species. J Sci Food Agric 2010;90:1827‑36.
Acharya YT. Charaka Samhita of Agnivesha; Vimanasthana;
Rogabhishakjitiya. Reprint ed. Ch. 8. Ver. 144. Varanasi:
Chaukhamba Orientalia; 2011. p. 762.
Franz C. Genetics. In: Hay RK, Waterman PG, editors. Volatile
Oil Crops. Harlow: Longman; 1993. p. 63‑96.
Hanover JW. Genetics of terpenes. I. Gene control of
monoterpene levels in Pinus monticola Dougl. Heredity
1966;21:73‑84.
Mithen R, Raybould AF, Giamoustaris A. Divergent selection
for secondary matabolites between wild populations of
Brassica oleracea and its implications for plant‑herbivore
interactions. Heredity 1995;75:472‑84.

How to cite this article: Ketkar PM, Nayak SU, Pai SR, Joshi
RK. Monitoring seasonal variation of epicatechin and gallic acid in
the bark of Saraca asoca using reverse phase high performance
liquid chromatography (RP-HPLC) method. J Ayurveda Integr Med
2015;6:29-34.
Source of Support: Nil, Conflict of Interest: None declared.

Journal of Ayurveda & Integrative Medicine | January-March 2015 | Vol 6 | Issue 1

[Downloaded free from http://www.ancientscienceoflife.org on Wednesday, June 17, 2020, IP: 182.48.231.19]

Case Report

Innovative approach in the management of
horse‑shoe fistula‑in‑ano with Ks.ārasūtra
Amruta A. Wali, Tajahmed N. Dongargaon1, M. P. Shilpa2, Hemant D. Toshikhane3

Departments of Sangyaharana and 1Shalyatantra, KLE University Shri B.M.K. Ayurveda Mahavidyalya, Shahapur, Belgaum, Karnataka,
2
Department of Shalyatantra, Government Akhandanand Ayurveda College, Ahmedabad, Gujarat, India, 3Ayurveda School of Pharmacy,
Faculty of Medical Sciences, University of West Indies, Trinidad and Tobago

ABSTRACT

Fistula‑in‑ano is a common surgical problem. Horse‑shoe fistulas
usually have an internal opening in the posterior midline and extend
anteriorly and laterally to one or both ischiorectal spaces by way
of the deep potential space. The “Śambuka-varta Bhagandara”
described by Suśruta can be correlated with the horse‑shoe type
of fistula. In this condition, neither fistulotomy nor “Ks.a-rasu-tra”
treatment alone, are useful hence there is a need for newer
innovative surgical techniques to tackle this challenging disease.
An integral approach of incision and drainage of both the abscess
on the arms of the horse‑shoe fistula with Ks.a-rasu-tra ligation at
6 o’ clock position proves to be successful. We have tried the
same technique with good results. No recurrence was found in
the patients during the follow‑up period of 6 months. A 45‑year‑old
female with a known case of diabetes mellitus and hypertension
approached with both right and left ischiorectal fossa inflammatory
swelling. An innovative approach was used to manage horse‑shoe
fistula by making an additional opening below the anus at 6 o’clock
position. Apa-ma- rga Ks.a-rasu-tra (medicated thread made using
apa-ma- rga) was ligated through the additional opening to the
internal opening at 6 o’clock position for draining through both the
cavities. Ks.a-rasu-tra was changed weekly and the fistula healed
completely by 3 months.
KEY WORDS: Bhagandara, fistula, horse‑shoe fistula, Ks.a-rasu-tra

INTRODUCTION

A

fistula‑in‑ano is a chronic abnormal communication,
usually lined to some degree by granulation tissue,
which runs outwards from the anorectal lumen to an
external opening on the skin of perineum or buttock.[1] It
usually results from an anorectal abscess that either burst
spontaneously or opened without laying open the entire
track.[2] Drainage of an anorectal abscess results in cure
for about 50% of patient and the remaining 50% develop a
persistent fistula‑in‑ano.[3] Horse‑shoe fistulas usually have
an internal opening in the posterior midline and extend
anteriorly and laterally to one or both ischiorectal spaces by
way of the deep potential space.[3] These can wrap around
162

the body in a U shape, with external openings on both sides
of the anus.
The prevalence rate of fistula‑in‑ano is 8.6 cases/100,000
population. The prevalence in men is 12.3 cases/100,000,
and in women, 5.6 cases/100,000. The male:female ratio is
1.8:1. The mean age of patients is 38.3 years.[4]
Different treatment modalities like fistulectomy, fistulotomy,
seton division are prescribed for fistula. As the wound is
located in the anal region it is more prone to infection,
thus takes long time to heal and the condition remains
troublesome. An operative procedure often leads to
complications like recurrences and incontinence.
Ayurvedic classics, especially the Suśruta Sam
. hitā have
described various types of Bhagandara and among them,
the Śambukāvarta Bhagandara’s signs and symptoms can
be correlated with fistula‑in‑ano.[5] Ks.ārasūtra is a thread
prepared by applying alkaline substances derived from
plants. Ks.ārasūtra is prepared by repeated coatings of Snuhi
ks.īra (latex of Euphorbia Nerrifolia), Apāmārga ks.īra (ash of
Achyranthus aspera) and Haridrā powder over surgical
linen thread number 20. The thread so obtained is used
in a popular treatment modality for the management of
fistula‑in‑ano. Ks.ārasūtra ligation (medicated herbal seton)
that is, exploration of fistulous track by ligating Ks.ārasūtra
in the track is described as a para surgical procedure in the
Ayurvedic classics.[6] Apāmārga Ks.ārasūtra used in this case
was prepared with 21 coatings, which included 11 coatings
of latex of Snuhi (Euphorbia Nerrifolia), 7 coatings of Apāmārga
ks.īra (A. aspera) and three coatings of Haridrā (Curcuma longa).[7]
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CASE REPORT
A 45‑year‑old female patient came to us with complaints
of swelling and redness around the perianal region since
1‑month with a history of fever. She also had diabetes
mellitus and hypertension since 2 years and was taking
metformin hydrochloride 1000 mg SR (Melmet SR) twice
daily for her diabetes and losartan potassium 50 mg with
hydrochlorothiazide 12.5 mg (Repace‑H) once a day for
her hypertension.
On inspection, on both right and left ischiorectal
fossa inflammatory swelling was noticed [Figure 1].
On palpation, local rise of temperature with marked
induration and tenderness was elicited and was identified
as ischiorectal abscess bilaterally. By doing digital
examination using hypertonic sphincter an internal
opening at 6 o’clock position was felt. Also along the
posterior border of anal canal hard tensed induration was
felt. On proctoscopic examination internal opening at 6
o’clock position was found, which made us to suspect a
horse‑shoe fistula. After the diagnosis, we planned the
treatment using Ks.ārasūtra.

Aim and objective of the study
To evaluate the effect of a modified technique of surgery with
Ks.ārasūtra Chikitsa in Śambukāvarta Bhagandara (horse‑shoe
fistula‑in‑ano).
• Type of study: Single case study
• Plan of surgery: Incision and drainage of both
the abscess of right and left ischiorectal fossa and
connecting the fistula tract to skin at 6 o’clock
position, and Kshārasūtra ligation at 6 o’ clock
position for draining through both the cavities
• Drug material: Standard Ks.ārasūtra with 21 coatings.

•

•

•

Postoperative management
•

•

•
•

Plan of modified surgery in horse‑shoe fistula
Preoperative procedure

As a preoperative measure blood and urine investigations,
which include complete blood count, bleeding time, clotting
time, blood urea, serum creatinine, fasting and postprandial
blood sugar, HIV, HBsAg, urine routine were done.

Operative procedure
•
•
•

After giving spinal anesthesia, the patient is placed in
the lithotomy position
Painting of the area is done with betadine, and the
area is covered with sterilized drape
The incision was made on the right and left ischiorectal
fossa to drain the abscess [Figure 2]. About 5 ml

and 20 ml of pus were drained from right and left
ischiorectal fossa respectively
Slit proctoscope was introduced, and the track was
confirmed by pushing the betadine mixed with
hydrogen peroxide from both the external openings
Probing was done through both the external opening.
An internal opening was identified at 6 o’clock
position
Another opening was made at perineal region
posterior to the anal opening at 6 o’clock position
[Figure 3]. Apāmārga Ks. ārasūtra which is made up off
Apāmārga, Haridrā, and Snuhi was ligated through the
opening made to the internal opening at 6 o’clock
position for draining through both the cavities
[Figure 4]. Openings were irrigated with betadine
and hydrogen peroxide. All three tracts were kept the
patent and an anal pack containing Jātyādi tailam was
placed. [8]

•

Regular dressing of both the external openings was
done and they were packed with roller gauze soaked
with betadine solution to keep the wound clean and
to encourage granulation tissue growth
Injection intravenous antibiotic was given to avoid
further infection, antacids were prescribed to avoid
hyperacidity and analgesics were advised for 5 days
Sits bath with Pañcavalkala kas.āya was given to achieve
sphincter relaxation and for vran.a śodhana and ropan.a.
A diet guideline was counseled to the patient as she
was diabetic. After 5 days, the patient was discharged.
The following medications were prescribed to the
patient to reduce inflammation and to promote
healing:
• Tablet Gandhaka Rasāyana (250 mg thrice a day after
food for 1‑month)[9]
• Tablet Triphalā Guggula (250 mg thrice a day before
food for 1‑month)[10]
• Tablet Kāmadudhā with mauktika (250 mg twice a day
before food for 15 days)[11]
• Asanādigan. a Kas.āyam (15 ml with water twice daily
after food for 1‑month).[12]
Patient was asked to attend the outpatient department
for dressing with Jātyādi taila and follow‑up
medication. Ks.ārasūtra, which was ligated in the
track communicating to the anal canal, was changed
weekly for eight sittings. The communicating track
was cut by 8 weeks and left for healing by secondary
intension. Complete recovery of deep wound took
about 3 months from the day of treatment [Figure 5]
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Figure 1: Horse‑shoe fistula tracts

Figure 2: Incision and drainage of both the abscess

Figure 3: An opening is made at 6 o’ clock position joining both the
tracts

Figure 4: Kṣārasūtra application at 6 o’ clock position joining both
the tracts

•

During follow‑ups patient was observed for
discharge, tenderness, inflammation, and induration
and her progress is recorded in Table 1.

RESULTS

Figure 5: Healing tracts

164

• On the basis of this case study, it can be concluded
that the surgical management of Śambukāvarta
Bhagandara (horse‑shoe fistula) can be done by a
modified procedure described above, that is, incision
and drainage of both the abscess and ligation of
Ks.ārasūtra at 6 o’clock position to drain the abscess
cavity and fistula tract, which has given good results,
with no recurrence
• There is a need to evaluate the effect of this technique
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Table 1: Assessment of the patient
Day
1st week
2nd week
3rd week
4th week
5th week
6th week
7th week
8th week
9th week
10th week

Discharge
Right Left
++ ++
+++ ++
+++ ++
++ ++
+
+
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑

Tenderness
Right Left
++ ++
+
+
+
+
‑
‑
+
‑
+
‑
‑
‑
‑
‑
‑
‑
‑
‑

Inflammation
Right Left
++ ++
+
+
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑

Indurations
Right Left
++ ++
++ ++
++ ++
++
+
++
+
++
‑
+
‑
+
‑
+
‑
‑
‑

on more number of cases in order to establish this
line of treatment for this challenging disease.

CASE DISCUSSION
“Horse‑shoe” is a descriptive term to indicate the usual
pathway of the spread of an abscess originating in the deep
posterior anal space. Anorectal abscess fistula disease is
most commonly crypto glandular in origin. If the anorectal
abscess is not drained spontaneously or surgically, the
infection may spread rapidly and may result in extensive
tissue loss. Even if the abscess is drained, a fistula‑in‑ano
may develop subsequently.[13]
Allied sciences have posterior midline sphincterotomy,
fistulotomy, wide debridement, seton division
etc., as treatment modalities for fistula. A large,
slow‑healing wound, more prone to infection as located
at anal region indicates high recurrence rates in fistula.
Inadequate therapy results in incomplete resolution of
symptoms, recurrence of abscess and persistent fistulous
tracts.[14]
Ayurvedic classics describe a para‑surgical procedure
Ks. ārasūtra, which helps for simultaneous cutting and
healing of the fistula track and avoids recurrence. Modes
of action of the various drugs/procedures used in the above
treatment protocol are described below:

Modes of action of drugs/procedures
Kṣārasūtra

• It aided continuous drainage from the entire three
tracks
• It helped simultaneous cutting and healing of
the fistula track. This helped avoid sphincteric
complications that would cause incontinence

• Helped debridement of the tissue, that is, curette
unhealthy granulation tissue and stimulated healthy
granulation tissue
• It has anti‑inflammatory and antimicrobial action,
which promoted healing and there by prevented
recurrence.

Pañcavalkala kaṣāyam

• Pañcavalkala comprises of the following ingredients:
Nyagrodha (Ficus bengalensis Linn.), Udumbara (Ficus
glomerata Roxb.), Aśvattha (Ficus religiosa Linn.), Pāriśa
(Thespesia populnea Soland ex correa.), Plaks.a (Ficus
infectoria Roxb.)[15]
• As the patient had pitta prakr. ti we selected pañcavalkala
kas.āyam. Pañcavalkala has śītavīrya (cold potency) and
has pittahara property. Hence, Pañcavalkala decoction
for sitz bath provided significant relief in pain and
burning sensation
• Kas.āya rasa, kleda śos. ana (drying action) and lekhana
gun. a (scrapping) of Pañcavalkala helped in reducing
the vran. asrāva (wound discharge).

Jātyādi taila

• The drugs in Jātyādi taila have tikta‑kas.āya rasa (bitter
and astringent taste). This helped drying up of
secretions[16,17]
• Its vran. aropaka gun. a (wound healing property) led
to an improvement in the healing process, and
śothahara (anti‑inflammatory property) helped in the
management of the inflamed wound.

CONCLUSION
The management of horse‑shoe fistula is difficult and
complicated because of the involvement of sphincters.
Management of these cases by making an external opening at
6 o’ clock position and by Ks.ārasūtra is effective and in that, it
helps by cutting and healing of fistulous track simultaneously
with reduced bleeding, minimal pain and scar with no fecal
incontinence. There is lesser chance of infection and almost
no postoperative complications. This treatment is minimally
invasive and patients will be ambulatory.

Take home message
A challenging horse‑shoe fistula can be managed with
Ks.ārasūtra by innovative and integral methodologies.
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Case Report

Wound healing effect of Vimlāpanakarma
with Jātyādi tailam in diabetic foot
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ABSTRACT

Introduction: Diabetic Foot ulcer is the commonest burning
problem in the society. Many histopathological studies show
prolonged inflammatory phase in diabetic wounds. In Sushruta
Samhita, Vimla-panakarma (gentle massage) quoted, as first line
of treatment for Vranashotha (inflammation).
Case Report: A 70 yrs old male patient, presented with complaints
of ulcer associated with severe pain and reddish skin discoloration
over ventral aspect of 3rd toe of right foot since 2 months.
Vimla-panakarma performed with Ja-tya-di taila around the wound
for about 15-20 minutes daily for 10 days and follow-up done for
period of 45 days.
Discussion: By Vimla-panakarma with Ja-tya-di taila there will be
raised local temperature, due to which vasoconstriction is relieved
and necessary nutrients, oxygen, insulin etc. are carried to the
wound site, thereby improving the anoxic condition of wound.
Conclusion: Vimla-panakarma showed significant role in wound
healing of Diabetic Foot ulcer, in a short period of time 10 days
with no recurrence seen till 45 days follow-up.

KEY WORDS: Diabetic foot ulcer, vimlāpanakarma, Vrana,
wound healing

INTRODUCTION

D

iabetic foot ulcer (DFU) is the most common and
major complication of diabetes mellitus. Diabetes
mellitus impedes normal steps of wound healing process. In
diabetic wounds, healing does not occur due to obstruction
in the blood supply (anoxic) and obvious diabetic
neuropathy.[1] A classical triad of neuropathy, ischemia and
infection characterizes the diabetic foot.[2]
In Suśrutasaṃhitā in the 17th chapter of the sūtrasthāna titled
āmapakvaiṣaṇīya adhyāya in the context of saptopakrama
and in the first chapter of cikitsāsthāna, dvivraṇīyacikitsita
in the context of ṣaṣṭhi upakrama, we get the reference of
vimlāpanakarma (gentle massage) for the management
of both vraṇaśotha and vraṇa. [3,4] Vimlāpanakarma is
the preliminary treatment modality mentioned for
vraṇaśotha (inflammation), wherein there is an obstruction

of vātakaphadoṣa.[5] To relieve such obstruction, to sensitize
the cells in and around the wound and to enhance the rate
of wound healing vimlāpanakarma is selected.[3,4]
Wound healing involves continuous cell–cell and cell–
matrix interactions that allow the process to proceed in three
overlapping phase’s viz., inflammation (0–3 days), cellular
proliferation (3–12 days) and remodeling (3–6 months).[6]
Adequate tissue perfusion/oxygenation, proper nutrition,
and moist wound healing environment are required to
restore the anatomical continuity and maintain the function
of the affected part. Healing is complete by firm knitting of
wound edges with collagen.[7]
Many histopathological studies show prolonged
inflammatory phase in diabetic wounds, which causes a
delay in the formation of mature granulation tissue and
hence a reduction in wound tensile strength.[8] Eventually,
biological science has proven the essentiality of extracellular
matrix (ECM) and its role in wound healing. To maintain the
integrity of ECM and thereafter avoiding programmed cell
death[9] in DFU, vimlāpanakarma, a treatment methodology
which resolves inflammation present around the wound
and helps in blood circulation thereby aiding in early wound
healing was selected.[4,5]

CASE REPORT
A 70‑year‑old male patient, presented with complaints
of ulcer associated with severe pain and reddish skin
discoloration over a ventral aspect of the third toe of his
right foot since 2 months [Figure 1]. Patient was said to be
healthy and asymptomatic 2 months before this, he noticed
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small bleb over the third toe of right foot, which burst out
into ulcer and went on increasing in size with severe pain
and reddish skin discoloration around it. He consulted a
nearby physician and got wound dressing daily but did
not get relief. Following this, he approached our hospital
in search of better treatment.
According to his statement, it was found that the pain was
severe and of burning type and the ulcer was increasing in
size every day with foul smelling and pus‑like discharge
through it. Patient is k/c/o diabetic since 8 years and was
on medication using tablet glycinase 1 bid. There was
neither H/O hypertension nor any other chronic illness.
Patient was addicted to beedi (a type of cigarette filled
with tobacco flakes and wrapped in Bauhinia racemosa
leaf) smoking from past 30 years but had stopped it since
the past 2 years.

Diagnosis
The case was diagnosed clinically along with hematological
reports as DFU of Grade‑II Wagner’s classification for
DFU.

Treatment
Vimlāpanakarma with Jātyāditailam.[5]

Methodology
The procedure was carried out in aseptic conditions
wearing surgical gloves. Jātyāditailam was applied all
around the ulcer, and vimlāpanakarma was carried out. The
size of the ulcer was small and place of occurrence was in
the toe region and hence a single thumb with the pulp of
the fingers were used for vimlāpanakarma around the ulcer
followed with Jātyāditailam dressing and bandaging.[10]

No internal medications are given during the treatment
period [Figure 2].

Duration of treatment
Vimlāpanakarma was performed with Jātyāditailam around
the wound for about 15–20 min daily for 10 days and the
patient was followed‑up over a period of 45 days.

Assessment criteria
The results were evaluated by subjective and objective
parameters mainly based on clinical observation by
grading method.[11] The pain was assessed using visual
analogue scale and the wound (vraṇa‑ākṛti) was measured
in centimeters with the help of thread and scale method,
graph method and photography before, during and after the
treatment. Vraṇalakṣaṇas were graded as symptomless (−),
mild (+), moderate (++) and severe (+++) [Table 1].

Subjective parameters of vran.a
•
•
•
•
•
•

Vedana (pain)
Varṇa (coloration)
Srāva (discharge)
Gandha (odor)
Māṃsāṅkura (granulation tissue)
Ākṛti (shape).

Objective parameters
•

Ulcer size.

OBSERVATION AND RESULTS
[Table 2, Graph 1].

Table 1: Pain and ulcer size with intervention of vimlāpanakarma, BT
Assessment
Pain
Ulcer size

BT
9
3.0 cm×4.5 cm×1.2 cm

DT
5
2.5 cm×3.5 cm×1 cm

AT
0
0.5 cm×1 cm×0.2 cm

BT: Before treatment, DT: During treatment, AT: After treatment

Table 2: Observations & Results: Follow-up Chart
Observations
Vedana
Varṇa
Srāva
Gandha
Akṛti
Māṃsa‑aṅkura

BT
+++
+++
+++
+++
++
+++

1st day
+++
+++
+++
+++
++
+++

2nd day
+++
+++
+++
+++
++
++

3rd day
++
+++
+
++
++
+

4th day
++
++
+
+
++
‑

5th day
+
++
‑
+
+
‑

6th day
+
+
‑
‑
+
‑

7th day
‑
+
‑
‑
+
‑

BT: Before treatment
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15th day
‑
‑
‑
‑
‑
‑

30th day
‑
‑
‑
‑
‑

45th day
‑
‑
‑
‑
‑
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Figure 1: Before treatment

Figure 2: During treatment

Figure 3: After treatment
Graph 1: The assessment of wound healing

DISCUSSION
The key feature of wound healing is the stepwise repair of
lost ECM that forms the largest component of the dermal
skin layer. This is possible only when the obstruction
in the blood capillaries present at the site of the wound
is relieved. Gentle massage using Jātyāditailam with the
help of the thumb and pulp of the fingers leads to rise
in the local temperature. This in turn leads to relieving
of vasoconstriction and thereby the necessary nutrients,
oxygen, insulin etc., are carried to the wound site. It is
through this mechanism that the anoxic condition of wound
is alleviated and it helps in the regeneration of the epithelial
cells and heals the wound in a shorter duration of time,
when compared to the other wound healing processes seen
in the DFU.

its efficacy in other chronic non‑healing ulcers such as
varicose ulcers, trophic ulcers, etc.

Take home message
Timely practice of vimlāpanakarma will help avoid the further
complications of the ulcers such as gangrene and will help
prevent amputation.
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ABSTRACT

Background: Gentamicin (GM) nephrotoxicity accounts for
10–30% of the acute renal failure (ARF) among drug‑induced ARF.
In Ayurveda such side effects are considered as the poisonous
effects of low potent poisons called gara vis.a. Bilvādi agada (BA),
a classical formulation is indicated in gara vis.a and most of its
ingredients have proven for their nephroprotective activity.
Aim: The aim was to evaluate the effect of BA in GM‑induced
nephrotoxicity in male Wistar rats.
Materials and Methods: BA, GM, normal saline were procured
from standard companies.
Settings and Designs: Eighteen male Wistar rats were randomly
divided into three groups, viz. Control group which received normal
saline intraperitoneal (i.p.) daily for 8 days; toxic group received
GM 80 mg/kg/day i.p. for 8 days, and trial group received both
GM 80 mg/kg/day i.p. and BA 216 mg/each rat weighing ~200 g
orally 1 h after administration of GM.
Statistics: All the values were expressed as mean ± standard error
and data were analyzed by applying one‑way analysis of variance
followed by Dunnett’s test for multiple comparison.
Results: BA treated group showed a significant change (P < 0.05)
in levels of serum creatinine, urine creatinine, and urine potassium.
There was no significant change (P > 0.05) seen in serum
potassium, sodium, chloride, calcium and phosphorus and urine
sodium, chloride in all three groups. Glomerular congestion,
interstitial edema, tubular necrosis, interstitial hemorrhage was
reduced in BA treated group. The results of this study indicate
that BA reduces GM‑induced nephrotoxicity and it may be due to
anti‑inflammatory, immunomodulatory, diuretic and anti‑oxidant
properties of drugs. Further studies are necessary to explore the
exact mechanism of BA in nephroprotection.

KEY WORDS: Bilwaadi Agada, gara visha, gentamicin,
nephroprotection, nephrotoxicity

routinely to a variety of diverse chemicals that harm
the kidneys. Medications, natural products, industrial
chemicals, environmental pollutants, pesticides, etc., cause
damage to different organs of the body at various levels.
Gentamicin (GM) is an aminoglycoside antibiotic used
in Gram‑negative infections. It has shown 15–30%
nephrotoxicity as a common side effect that manifests as
nonoliguric renal failure with a slow rise in serum creatinine
and hypoosmolar urinary output after several days of
treatment.[1]
In Ayurveda, such side effects are considered as the
poisonous effects of low potent poisons known as gara
viṣa. Gara viṣa is the term used for any artificial poison,
which may kill the person or if retained in the body for
prolonged period may produce symptoms like generalized
edema, anemia, enlargement of abdomen, etc., by virtue of
its potency.[2]
Bilvādi agada[3] (BA) is an antivenom formulation indicated in
the context of snake venom management. It is also indicated
in low potent poisons. It contains Aegle marmelos Linn.,
Ocimum sanctum Linn., Pongamia pinnata Linn., Valeriana
wallichi DC, Cedrus deodara Roxb., Phyllanthus emblica Linn.,
Terminalia chebula Retz, Terminalia bellirica (Gaertn.) Roxb,
Zinziber officinale Rosc., Piper nigrum Linn., Piper longum Linn.,
Curcuma longa Linn., Berberis aristata DC. and goat’s urine.
The ingredients of BA possess anti‑inflammatory,
immunomodulatory, diuretic, anti‑toxic properties. Besides,
Access this article online
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idneys are the major excretory organs which remove
metabolic wastes through urine. Humans are exposed
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many of them (A. marmelos, P. pinnata, O. sanctum, P. emblica,
T. chebula, T. bellirica, Z. officinale, P. nigrum, C. longa) have
been proven for their nephroprotective activity.[4]

electrolytes – Potassium, sodium, chlorine, phosphorus,
calcium, urine creatinine, urine electrolytes – Potassium,
sodium, chlorine were assessed as markers of toxicity.

Therefore, the present experimental study was conducted to
evaluate the nephroprotective activity of BA in GM induced
nephrotoxicity animal model.

Histopathological assessment

MATERIALS AND METHODS
Materials
• The material used for the present work BA was
procured from Good Manufacturing Practices
certified standard pharmacy
• GM and normal saline were purchased from the local
market, manufactured by a standard company
• Eighteen healthy male Wistar rats were procured from
licensed breeders (Venkateswara Pvt. Ltd., Bangalore)
weighing 200 g (±20 g) and were 8–12 weeks of age.

Experimental study design
The animal experiment was approved by the Animal Ethics
Committee of the institute. Animals were housed in stainless
steel cages under standard laboratory conditions at ambient
temperature 22 ± 3°C and 45–55% relative humidity with
12 h natural light/dark cycle. Committee for the Purpose
of Control and Supervision of Experiments on Animals
guidelines were followed throughout the study. The
animals were provided ad libitum with tap water and fed
with standard diet (Amruta feeds, VRK’s Scientist’s Choice
Laboratory Animal Feed, Baramati).
Eighteen rats were randomly assigned to three groups
equally.
• Normal control, injected intraperitoneal (i.p.) normal
saline for 8 days;
• GM treated group, injected i.p. GM (80 mg/kg) for
8 days;
• GM + BA treated group, injected i.p. GM (80 mg/kg)
along with oral administration of BA 216 mg/each rat
weighing ~200 g for 8 days.

Dose calculation of BA
Rat dose = Human dose in grams × surface area of Wistar strain
rats in square meter.[5] Assessment parameters – Biochemical
tests – Animals were anaesthetized by light ether anesthesia
and blood was drawn through cardiac puncture and
collected in labeled plain vials. Animals were put in
metabolic cages on 8th day and urine was collected on
9th day. Blood urea nitrogen (BUN), serum creatinine, serum

Kidneys were collected immediately after sacrificing and
transferred to 10% formalin solution in separate labeled
containers.
Blood, urine, and kidney samples were sent to Jeevan
Diagnostic Center, Belgaum for biochemical investigations
and histopathological study.

Statistical analysis
All the values were expressed as mean ± standard error and
data were analyzed by applying one‑way analysis of variance
followed by the Dunnett’s test for multiple comparisons
using SPSS software version 21.0 (IBM corporation). P < 0.05
was considered as statistically significant.

RESULTS
Gentamicin produced significant changes in the levels
of serum creatinine, urine creatinine, urine potassium,
urine chloride, urine sodium, and BUN when compared
to control group indicating GM induced toxicity. Whereas
BA treated group produced significant changes only in
the levels of serum creatinine, urine creatinine, and urine
potassium showing protective effect of the drug on these
parameters.
There were no significant changes in the levels of serum
potassium, sodium, chloride, calcium, and phosphorus in
all the three groups [Tables 1 and 2].
All parts of kidney showed normal appearance in control
group except for mild congestion. Treatment with GM
caused acute renal damages which were evident by marked
glomerular congestion, interstitial edema, tubular necrosis,
and interstitial hemorrhage [Figure 1]. These changes were
again reduced in BA treated group which were evident by
mild congestion and prevention of tubular degeneration,
interstitial edema showing protective effect of drug [Table 3].

DISCUSSION
Renal failure denotes failure of the excretory function of
kidney, leading to the retention of nitrogenous waste products
of metabolism in blood, failure of regulation of fluid, and
electrolyte balance along with endocrine dysfunction. This
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filtrates, the active principles of BA might have passed
into the interior of nephron, and bound with receptors
located at proximal convoluted tubules. Thus BA might
have bound with the GM molecules and prevented renal
damage.
For detoxification process and enzymatic activity, cells need
to maintain alkalinity at intralysosomal level. BA might
have maintained alkalinity at tubular levels which was
raised by GM above the effective range of enzyme. Thus,
BA might be preventing the consequences of nephrotoxicity
induced by GM.
Figure 1: Histopathological slides of Kidney of animals in each group

happens only when the damage exceeds 25% of normally
functioning nephrons. It occurs due to exogenous agents and
endogenous agents like radiocontrast agents, cyclosporins,
antibiotics like aminoglycosides, chemotherapeutic agents,
organic solvents, acetaminophen, and illegal abortifacients.
Kidneys becomes one of the important targets for toxicity
more than any other organ of the body due to high levels
of toxins being delivered to the kidney due to the higher
blood supply.[6] GM, an aminoglycoside antibiotic has
nephrotoxicity as a common side effect.
Gentamicin induced nephrotoxicity is the 2nd category of
acute renal failure (ARF). It is an intra‑renal/intrinsic ARF
and accounts for 69% of all cases of ARF. It occurs due
to damage to the parenchyma of kidney. Acute tubular
necrosis is more common form of intrinsic ARF.[6]
Gentamicin binds to the receptors located on the apical
membrane of proximal tubular cells. It is postulated that GM
being a cationic drug binds to the anionic phosphoinositides
located on the apical membrane. The binding of drug
receptor is followed by pinocytosis of the drug‑receptor
complex to a secondary lysosome. Within the lysosome, GM
might interfere with the catabolism of receptor by directly
inhibiting phospholipase C, by modifying substrate‑enzyme
affinity or by raising the intralysosomal pH above the
effective range of enzyme. Inhibition of the activity of
lysosomal phospholipase C leads to the accumulation of
phosphatidylinositol rich myeloid bodies within lysosomes
leading to phospholipidosis. Thus, there is significant
reduction in whole kidney adenosine triphosphate levels,
adenosine diphosphate‑dependant, and dinitrophenol
uncoupled respiration ultimately results in renal damages.[7]
Bilvādi agada as a whole formulation might have worked
in the kidney on various levels. Along with glomerular
128

On the basis of results obtained from the blood and urine
analysis, histopathological reports showing comparison
of three groups it can also be postulated that, BA inhibits
accumulation of GM in lysosomes and thus prevents
phospholipidosis and renal damage. Furthermore it can also
postulate that, BA enhances renal cortical mitochondrial
oxidative phosphorylation which is evident by lesser
proximal cellular damages in the kidneys of GM and BA
treated group. Thus, BA might also help in repairing the
tubular damage.
Pharmacological activities of ingredients of BA:
• Bilva – In previous studies – A. marmelos (bilva)
root showed acute anti‑inflammatory activity
and the probable mechanism explained was
inhibition of release of mediators like histamine,
serotonin, and prostaglandins due to the chemical
constituents like marmin, lupeol, etc.[8] In the present
study, inflammatory changes were seen by GM
administration. These changes might have been
prevented by the chemical constituents like marmin,
lupeol, etc., in bilva[9]
• Tulasi – O. sanctum aqueous leaf extract showed
nephroprotective activity due to chemical constituents
eugenol, isoeugenol by virtue of their antioxidant
activity[10]
• Haridrā – Curcumin was proved to be the potential
candidate for the prevention of nephrotoxicity due to
its anti‑oxidant, anti‑inflammatory activities and an
excellent safety profile[11]
• Bibhitakī – Gallic acid, the active principle of
T. bellirica might also act as anti‑oxidant and prevent
kidney damage.[12]
Bilvādi agada treated group showed a significant decrease
in serum creatinine and helped in the disposal of
creatinine through urine indicating a protective effect
of the trial drug. Hyperkalemia produced due to GM
was normalized in BA treated group substantiating its

Ancient Science of Life / Jan-Mar 2015 / Vol 34 / Issue 3

[Downloaded free from http://www.ancientscienceoflife.org on Wednesday, June 17, 2020, IP: 182.48.231.19]

Kanna, et al.:  Nephroprotective activity of Bilva-di agada in gentamicin induced nephrotoxicity in male Wistar rats

Table 1: Effect of BA on blood parameters in Wistar rats
Control
GM
GM+BA

BUN
20.8±1.1
40.7±3.6
30.4±4.3

Cr
0.5±0.0
0.8±0.0
0.6±0.1*

Cal
9.1±0.4
9.0±0.2
9.1±0.1

Ph
7.4±0.7
7.2±0.5
6.3±0.5

Na
136.3±0.6
134.5±0.9
132.3±3.4

K
4.9±0.6
5.2±0.1
4.6±0.2

Cl
102.0±0.4
101.0±0.4
99.2±2.1

Values are expressed as mean±SE. P<0.05 is considered as significant. *BUN: Blood urea nitrogen, *Cr: Serum creatinine, *Cal: Serum calcium, *Ph: Serum
phosphorus, *Na: Serum sodium, *K: Serum potassium, *Cl: Serum chlorine, SE: Standard error, GM: Gentamicin, BA: Bilva-di agada

Table 2: Effect of BA on urine parameters in Wistar rats
Control
GM
GM+BA

Na
111.0±10.1
60.0±8.8
65.5±3.7

K
446.8±10.7
291.7±8.0
376.7±16.5*

Cl
96.3±11.4
36.3±7.3
55.0±2.8

Cr
83.7±3.8
47.0±7.4
84.3±3.5*

Values are expressed as mean±SE. P<0.05 is considered as significant.
*Na: Urine sodium, *K: Urine potassium, *Cl: Urine chlorine, *Cr: Urine creatinine,
SE: Standard error, GM: Gentamicin, BA: Bilva-di agada

Table 3: Histopathological results of kidney
Microscopic parameter Control group GM group GM+BA group
Interstitial congestion
+
++
++
Tubular cell swelling
−
+++
+
PCT cytoplasmic vacuoles
−
++
+
Tubular desquamation
+
++
+
Proximal tubular necrosis
−
++
−
Tubular degeneration
−
+++
−
Interstitial edema
+
+++
+
Interstitial hemorrhage
−
++
−
Intravascular haemolyse
−
+
−
Glomerular congestion
+
+++
+
PCT: Proximal convoluted tubules, GM: Gentamicin, BA: Bilva-di agada

protective effect and was statistically significant. Here
BA might have either bound with the GM molecules
and prevented renal damage or might have repaired the
damaged tissues.

CONCLUSION
Bilvādi agada has shown nephroprotective activity
based on biochemical changes observed in Serum
creatinine, Urine creatinine and potassium levels
and this may be due to anti‑inflammatory, diuretic,
immunomodulatory, and anti‑oxidant properties of drugs
in BA. Histological studies also confirm its protection.
Further human studies are needed to prove the efficacy

of the BA as potential nephroprotective drug in clinical
practice.
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Oral delivery of Bromelain using calcium alginate beads
Devang Sarvaiya, Ujwala Shinde, Pankaj Jain,
Sadhana Sathaye1
Department of Pharmaceutics, Bombay College of Pharmacy,
Santacruz, Kalina, Mumbai, 2Department of Pharmaceutical
Sciences and Technology, Institute of Chemical Technology,
Matunga, Mumbai, India
E-mail: ddsarvaiya@gmail.com
1

Background: The present research work was aimed at
preparing microspheres for oral delivery of bromelain, an
anti‑inflammatory enzyme from pineapple fruit (Ananas
comosus). Objective: The objective was to improve the
oral delivery of this proteolytic enzyme by circumventing
its instability in acidic environment and modulating its
release in intestine for its anti‑inflammatory action.
Materials and Methods: Sodium alginate, calcium
chloride, bromelain. Microspheres were prepared by
ionotropic gelatin technique dropping the sodium alginate
solution to magnetically stirred calcium chloride solution.
Results: Optimized batch of microspheres were prepared
using 3% sodium alginate concentration, 0.05M calcium
chloride and curing time of 20 min with highest entrapment
efficiency of 69.98%±0.087%. In vitro release studies
showed very low amount of drug release in 0.1N HCl and
sustained release in simulated intestinal fluid pH 6.8 with
more than 90% drug release at the end of 2 hrs. The drug
release profiles for the optimized batch was best fitted
with Korsmeyer‑Peppas as well as Higuchi model based on
regression coefficients. Bromelain microspheres showed
62.90%±1.44% edema inhibition in rat paw edema
model in comparison to marketed bromelain formulation
which showed 69.35% ±1.44% inhibition at end of 2
hrs. Optimized batch of microspheres were found to be
stable as per ICH guidelines of stability. Conclusion: Thus
alginate based microsphere drug delivery system can be
effectively developed for oral delivery of bromelain and can
be considered as an alternative approach to conventional
NSAIDs and side effects associated with it.

UA/OP/02
Analytical study to explore the pharmacokinetic aspect
of Basti (Rectal drug administration)
Rohini Purohit, B. S. Prasad, Sreelakshmi Chaganti,
Vedantam Giridhar
Department of Panchakarma, KLEU’S Shri BMK Ayurveda
Mahavidyalay, Belgaum, India
Email: dr.rohiniayu@gmail.com

Background: Niruha basti is one among the prime
Panchakarma procedures considered as ardha chikitsa and
also referred as purna chikitsa involves rectal route of drug

administration of the medicated formulation in a quantity
of 250‑300 ml (approx.). This treatment is widely being
practiced and has been proved efficacious in various disorders
like hemiplegia, sciatica, cardiac disorders, avascular
necrosis, diabetes, obesity, rheumatoid arthritis, etc., with
a retention period of 2 min‑10 min (approx.) on an average
as observed practically. Objective: A step forward now in
research towards understanding the pharmacokinetics of
basti which is frequently debated as a local action, placebo,
etc., was tried to explore with the help of technology
which is explained to have an action throughout the body.
Materials and Methods: Madhutailika basti was selected
as it has a single Kashaya dravya (medicine for decoction)
as Eranda (Ricinus communis Linn.) in large quantity along
with other drugs like honey, rock salt, moorchita tila
taila (processed sesamum oil) and Shatapushpa (Anethum
sowa Linn.) as kalka dravya. This basti was administered
to the male wistar rats. Results: The decoction of Eranda
and Madhutailika Basti which were subjected to UV analysis
showed similar peaks. The plasma samples of the rats
both with and without administration of basti showed a
significant variation along with the peaks similar to that
of the decoction and basti formulation on subjecting to
UV analysis. Conclusion: These evidences pave way
towards proving the systemic absorption of Madhutailika
basti in turn implying the mode of action of Niruha
basti (rectal drug administration).

UA/OP/03
Diosgenin ameliorates diabetes related renal
injury through suppression of oxidative stress and
inflammation
Divya M. Kanchan, Gauresh Somani, Vaibhavi Peshattiwar,
Sadhana Sathaye
Institute of Chemical Technology, Department of Pharmaceutical
Sciences & Technology, Matunga (E), Mumbai, India
Email: dmk86in@gmail.com

Background: Diabetes mellitus is a multi factorial metabolic
disorder associated with genesis of diabetes related vascular
diseases. Oxidative stress is claimed to be major impulsive
factor in the etiology of these diabetic complications.
Diosgenin, a steroidal saponin, reported to possess strong
anti-inflammatory and antioxidant activity which may prove
beneficial in combating oxidative stress and inflammatory
responses generated in diabetes. Objective: The current
study was undertaken to evaluate the effect of diosgenin
in early hyperglycemia induced diabetic complications in
kidney. Methods and Materials: Hyperglycemia was induced
by streptozotocin (STZ, 45 mg/kg, i.p.) in rats followed by
treatment with diosgenin (5, 10 & 20 mg/kg, oral 28 days).
Biochemical analysis of oxidative stress parameters such as
superoxide dismutase, catalase, reduced glutathione and lipid
peroxidation (LPO) were evaluated in kidney homogenates.
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Biomarkers of kidney damage such as microalbuminuria,
kidney hypertrophy index and serum creatinine along with
histopathology of kidney was evaluated. Myeloperoxidase
levels were determined in kidney to evaluate the level
of inflammation. Results: The altered oxidative stress
levels in STZ induced diabetic rats were significantly
ameliorated as manifested by decreased LPO and increased
endogenous antioxidant levels by treatment of diosgenin in
a dose dependent manner. Blood glucose was significantly
decreased at 20 mg/kg. Microalbuminuria was significantly
prevented by diosgenin signifying its protective effect on
kidney which was confirmed by histopathological studies.
Decreased myeloperoxidase levels in diosgenin treatment
groups revealed its anti-inflammatory activity. Conclusion:
The study proves diosgenin as a promising candidate in
ameliorating diabetes associated complication through its
anti oxidant and anti-inflammatory activity.

UA/OP/04
Evaluation of anticonvulsant activity of Pistacia
integerrima in zebra fish and rodent models of epilepsy
Pankaj Jain, Rufi Tambe, Mruniya Nahire, Atul Bharadwaj,
Sadhana Sathaye
Department of Pharmaceutical Sciences and Technology,
Institute of Chemical Technology, Mumbai, India
E-mail: pdjain23@gmail.com

Background: Epilepsy is a one of the common CNS disorder
which is manifested by recurrent unprovoked epileptic
seizures. At neuronal level, seizure activity occurs when
glutamatergic excitatory neurotransmitters overrides
gamma‑aminobutyric acid (GABA) mediated inhibition.
Objective: The objective of the present study was to
evaluate Pistacia integerrima extracts for its anticonvulsant
activity in zebra fish and rodent model of epilepsy.
Materials and Methods: Petroleum ether (PEPI‑ 50, 100,
200 mg/kg) and methanolic (MEPI‑ 50 100, 200 mg/kg)
extracts were evaluated in Pentylenetetrazol (PTZ) induced
zebra fish model. The activity of the active extract was
further confirmed in PTZ induced convulsions in mice.
Further these extracts were screened in maximal shock
induced (MES) convulsions. Results: PEPI exhibited dose
dependent anticonvulsant activity in PTZ induced seizure in
zebra fish model which was further confirmed in PTZ and
MES rodent models. MEPI was ineffective in both the models
of epilepsy. Conclusion: PEPI extract demonstrated potential
anticonvulsant activity in zebra fish and rodent models. This
study provides the evidence that anticonvulsant activity of
PEPI extract could be due to modulation of GABAA receptor
or by its ability to block sodium channels.

UA/OP/05
Validation of RP‑HPLC methods for estimation
of Lupeol, Wedelolactone and β ‑Asarone from
Symplocos racemosa, Eclipta Alba, Acorus calamus
and their marketed Ayurvedic and herbal formulations
Sunita Shailajan, Sasikumar Menon1, Gauri Swar, Dipti Singh
Herbal Research Laboratory, Ramnarain Ruia College, Matunga,
Mumbai, 1Therapeutic Drug Monitoring Laboratory, Sion, Mumbai, India
E-mail: dips26098@gmail.com
6

Background: Symplocos racemosa Roxb. (Symplocaceae,
bark), Eclipta alba Hassk. (Asteraceae, whole plant) and
Acorus calamus Linn. (Araceae, rhizomes) have been
used traditionally in the management of a wide range
of ailments and are important component of Ayurvedic
system of medicine. Lupeol, wedelolactone and β‑asarone
are the active phyto constituents of the above mentioned
plants. Various Ayurvedic formulations like Lodharasava,
Pusyanuga Churna, Mahabhringaraj Taila, Mahavat
Vidhvansan Rasa, Medhya Rasayana, etc., containing these
plants are commercially available. Objective: The main
objective of this study is marker‑based standardization of
these natural resources and their commercially available
Ayurvedic formulations using validated RP‑HPLC technique.
Material and Methods: Separation of biomarkers lupeol,
wedelolactone and β‑asarone was achieved using
RP‑HPLC‑PDA technique and the methods were validated as
per ICH guidelines. As an application of method, estimation
of markers was carried out from Ayurvedic formulations
and samples from different environments. Results: A good
linear relationship was obtained for the calibration plots
of lupeol, wedelolactone and β‑asarone. Methods were
found sensitive for estimation of lupeol, wedelolactone and
β‑asarone (LOD and LOQ values were nearly 0.5 and 1.0 µg/
ml respectively). The validated method was found to be
simple, accurate, rugged and reproducible. These methods
can be recommended for quality assurance and marker‑based
standardization of various plants, their parts and formulations
containing these markers. Conclusion: These methods can
be extended into quantification of plant phyto chemicals,
checking authenticity of herbal formulations and facilitating
routine quality control analysis of commercial Ayurvedic
formulations.

UA/OP/06
Macaranga peltata ‑ Potential Wound Healing Agent
Minakshi Nehete, Pratima Tatke
Department of Pharmaceutical Chemistry, CU Shah College of
Pharmacy, SNDT Women’s University, Santacruz, Mumbai, India
E-mail: minakshi1277@yahoo.co.in

Background: Macaranga peltata is commonly known as
Chandwar. In tribal medicine, gum powder of Macaranga
peltata bark is used to join fractured bones. In a preliminary
study in our laboratory, it is shown to possess antioxidant
and wound healing activities. There are no literature reports
with respect to scientific evaluation on Macaranga peltata.
Objective: Objective of present study was to investigate in
detail the antioxidant, antimicrobial and wound healing activity
of Macaranga peltata. Materials and Methods: The powdered
bark of Macaranga peltata was extracted with various
solvents using soxhlet apparatus. Prepared extracts were
screened by determining total phenolic content (TPC) using
Folin‑Ciocalteu phenol reagent method. Methanol extract
showing highest TPC was evaluated for detailed antioxidant
and antimicrobial activity against wound pathogens. A topical
gel was formulated by incorporating methanol extract in
suitable gelling agent. Wound healing activity of this gel
was studied by using excision and incision wound models.
Betadine was used as a standard. Results: The methanolic
extract showed potent antioxidant and antimicrobial activity.

These abstracts were presented at the Update Ayurveda 2014 at Mumbai, Maharashtra, India. The abstracts were screened
by the scientific committee of Update Ayurveda 2014 and are not peer reviewed by J-AIM. © Update Ayurveda 2014.

Abstracts
The statistical analysis indicated that wounds treated with gel
containing 1% w/w methanolic extract exhibited significant
increase in tensile strength (P < 0.001) as compared to
control. The epithelialization period was found to be less
as compared to control. The results demonstrated that
Macaranga peltata displayed promising wound healing
activity. Conclusion: A topical gel formulation containing
methanol extract of bark of Macaranga peltata was prepared
and evaluated. The gel exhibited excellent wound healing
activity on fresh wound in rats.

UA/OP/07
Cytochrome P450 inhibition potential of Trigonella
(Fenugreek), Trachyspermum (Ajwaine) and Nigella
Sativa (Kalonji) in rat liver microsomes
Dipali Mendhe, Madhav Singh Seervi, Sadhana Sathaye
Pharmacology lab II, Institute of Chemical Technology,
Matunga, Mumbai, India
E-mail: dips.mendhe@gmail.com

Background: The use of natural products as herbal medicines
has increased over the last decade. Such widespread
use of herbal medicinal products throughout the world
has raised serious questions concerning the quality,
safety and efficacy of these products. Literature survey
suggested the crucial role of Cytochrome P450 in drug
metabolism and drug‑herb interactions as approximately
80% of the drugs are metabolized by the same. Trigonella
foenum (Fenugreek), Trachyspermum copticum (Ajwain) and
Nigella sativa (Kalonji) are very commonly used Indian spices
and widely used in traditional herbal medicines as dietary
supplements. Objective: The present study was undertaken
to investigate the effects of methanolic extracts of the
above mentioned herbs on CYP1A2, CYP2D6 and CYP3A4
in rat liver microsomes in vitro. Materials and Methods: Rat
liver microsomes were prepared by calcium aggregation
method. Microsomes were then characterized for the ethoxy
resorufin‑O‑deethylase, dextromethorphan demethylase and
testosterone hydroxylase activities. Inhibition potential of
Trigonella foenum, Trachyspermum copticum and Nigella
sativa extract were evaluated. Results: The result suggested
that Trigonella, Trachyspermum and Nigella extract did not
show any inhibition towards CYP1A2, CYP2D6 and CYP3A4.
The IC50 Values for Trigonella, Trachyspermum and Nigella
were found to be 515, 188 and 136 µg/ml for CYP1A2,
827,107 and 47.4 µg/ml for CYP2D6 and >500, >500
and >500 for CYP3A4 respectively. Conclusion: It can
be concluded that the above mentioned herbs are safe to
use along with other drugs as they exhibited no significant
inhibition towards CYP1A2, CYP2D6 and CYP3A4.

UA/OP/08
PCOS‑Merging Ayurvedic and Allopathic Management
Jayshree S. Dawane, Vijaya A. Pandit, Kapil S.Khade,
Sonali P. Suryawanshi, Asmita Wele1, Madhuri Dalvi1,
Supriya Bhalerao2
Department of Pharmacology, BVDU Medical College, Pune,
1
Department of Rasashastra and Bhaishajyakalpanavigyan,
BVU College of Ayurveda, Pune, 2IRSHA, BVU Pune, India
E-mail: jayshreedawane@gmail.com

Background: Polycystic ovarian syndrome (PCOS) is a
complex endocrine disorder characterized by elevated levels
of androgens, insulin resistance, anovulation, amenorrhoea
or oligomenorrhoea, obesity and Polycystic ovaries.
Objective: To evaluate efficacy of Ayurvedic formulations
Nishamalaki and Gugul in PCOS induced in wistar rats.
Material and Method: Nishamalaki, was prepared from
powder of Curcuma longa and fresh juice Emblica officinalis
according to Ayurvedic literature and administered with
honey. PCOS was induced in female rat’s with1mg/kg
body weight letrozole for 28 days. Vaginal smears collected
daily from all the groups and studied for changes in estrous
cycle. In one group i.e. Group I (Control), rats were treated
only with Saline, Letrozole treated 30 female rats were
divided into 5 groups Group II was (Control) PCOS Induced
(No treatment), Group III was Clomiphene citrate, Group IV
was Nishamalaki, Group V was Nishamalaki and Metfromin
and Group VI was Nishamalaki, Metfromin and Gugul and
treatment was given orally according to groups for 42 days.
Body weight, food intake, insulin, blood glucose levels was
checked before and after treatment. Results: PCOS induced
rat showed increase in body weight and insulin levels. Lipid
profile was altered in these animals. Nishamalaki reduced
serum cholesterol (P < 0.05), triglycerides (P < 0.01) and
LDL levels (P < 0.01). The body weight loss (P < 0.001)
was more significant with Nishamalaki treatment. These
findings demonstrate that levels of serum glucose,
cholesterol and triglycerides decreased significantly in PCOS
treated rats with Nishamalaki as compared to Clomiphene
citrate. Conclusion: Nishamalaki is the most promising drug
in PCOS, it has reduced weight, normalised lipid profile and
oestrus cycles.

UA/OP/09
Protective action of Carissa Carandas in Gentamicin
induced nephropathy via attenuation of oxidative
stress
Jayesh B. Dhodi, Deepavali R. Thanekar, Snehal N. Mestry,
Archana R. Juvekar.
Institute of Chemical Technology, Department of Pharmaceutical
Sciences and Technology, Matunga, Mumbai, India
E-mail: jayeshdhodi2@gmail.com

Background: Oxidative stress is reported to play a
pivotal role in the pathogenesis of nephropathy, one of
the co‑morbidities associated with diabetes. A previous
study carried out on methanolic extract of fruits of
Carissa carandas (MCCF) demonstrated the ameliorative
effects in diabetes induced nephropathy in rats. Thus,
in order to understand the mechanism of action of
MCCF, it was evaluated in gentamicin (GM) induced
nephropathy in rats. Gentamicin induces acute kidney
injury through oxidative damage produced by free
radical generation. Objective: To evaluate the effect
of MCCF on oxidative stress in gentamicin induced
nephropathy. Materials and Methods: Male Sprague
Dawley rats were divided into five groups; Group I ‑ normal
control (received distilled water, p.o.), Group II ‑ negative
control (gentamicin 80 mg/kg i.m., 8 days), group III,
IV and V were administered100, 200 and 400 mg/kg
MCCF p.o. respectively along with gentamicin 80 mg/kg
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i.m. for 8 days respectively. Biomarkers of nephropathy
were assessed in serum and urine. Oxidative stress
parameters, superoxide dismutase, catalase, reduced
glutathione and lipid peroxidation were evaluated in
kidney homogenates. The extent of kidney damage was
analyzed by histo‑pathological study. Results: MCCF
significantly improved the altered oxidative stress levels
in gentamicin induced nephropathy in a dose dependent
manner as compared to negative control. The progression
of nephropathy was markedly inhibited as demonstrated by
decreased levels of biomarkers in serum and urine and the
histo‑pathological analysis. Conclusion: MCCF ameliorated
the development of nephropathy by suppressing oxidative
stress in gentamicin induced nephropathy in rats.

UA/OP/10
Saraca Indica fraction prevents cataract development
and progression in Streptozotocin‑induced diabetic
rats: an aldose reductase inhibitory activity
Sadhana Sathaye, Gauresh Somani
Pharmacology Research Laboratory‑II, Department of
Pharmaceutical Sciences and Tech, Institute of Chemical
Technology Mumbai, India
E-mail: sadhanasathaye@hotmail.com

Background: Cataract, characterized by cloudiness or
opaciﬁcation of the eye lens is the leading cause of blindness
in developed and developing countries. Diabetes is one of the
prime causes for cataract development. Objective: The present
study was designed to investigate the effect of bioactive
fraction of Saraca Indica flowers (SIF) extract on development
and progression in streptozotocin (STZ) induced diabetic
rats. Materials and Methods: The inhibitory effect of SIF
extract and its fraction was tested for inhibition against rat
lens aldose reductase (AR). Furthermore, active fraction was
investigated against high glucose induced opacification of
lens in lens culture and STZ induced diabetic cataract in rats.
Identification of the bioactive components was attempted
using different analytical techniques such as HPTLC, HPLC,
LC‑MS and GCMS. Docking pattern and binding interactions
of the bioactive components gave valuable insights on
their mechanism of action. Results: Ethyl acetate fraction
produced maximum inhibition of aldose reductase activity.
Treatment with SIF fraction at a concentration of 1 mg/ml
lowered lens opacity in 72 hrs. In vivo experiments were
performed with STZ induced diabetic rats. Prolonged
treatment with ethyl acetate extract of SIF to STZ‑induced
diabetic rats decreased the blood glucose levels and inhibited
the AR activity and delayed cataract progression in dose
dependent manner. Conclusion: The present study shows
that ethyl acetate extract of SIF has pharmacologically active
components with a potential to inhibit rat lens AR activity.

UA/OP/11
Assessment of antimicrobial properties of hydro
alcoholic extract of Morinda citrifolia
Rajesh Kumar Suman, Ipseeta Ray Mohanty, Vijay Mane,
Y. A. Deshmukh, A. D. Urhekar
MGM Medical College, Kamothe, Navi Mumbai, India
E-mail: rajeshsuman2043@gmail.com
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Background: Morinda citrifolia is a versatile medicinal
plant with a broad spectrum of pharmacological activities
and traditionally being used for the treatment of various
diseases. Increasing emergence of resistance to the currently
available antibiotic has necessitated continuing search for
new antimicrobial compound. Hence, the present work
was designed to investigate the antimicrobial activity
of extract of Morinda citrifolia. Objective: To evaluate
antimicrobial activity of Hydro alcoholic fruit extract of
Morinda citrifolia against E. coli, Psedomonas aeroginosa
and Acinatobactor. Material and Methods: The Hydro
alcoholic extract of Morinda citrifolia (Fruit) was purchased
from Sanat Pharmaceutical, New Delhi. The extract was
tested against standard strains and clinical isolate of
E. coli, Pseudomonas aeroginosa and Acinatobactor by
Agar well diffusion technique using Muller Hinton agar.
Different concentration of test drug 1mg, 2 mg, 4 mg and
8 mg were tested. Cefotaxime was used as control drug.
Results: The Hydro alcoholic extract of Morinda citrifolia at
concentration of 1 mg, 2 mg, 4 mg and 8 mg were tested
against three bacteria. E. coli (ATCC 25922) and E. coli
from clinical isolate (Urine), were significant sensitive with
test drug as compared with control drug. The Pseudomonas
aeroginosa (ATCC 27853) and Pseudomonas aeroginosa of
clinical isolate (Pus) were also significant sensitive by Test
drug. Against, Acinatobactor from clinical isolate (Tracheal
Secretion), the test drug did not demonstrate antimicrobial
activity at 1 mg, while it showed significant activity at Conc.
of 2 mg, 4 mg and 8 mg as compared with control drug.
Conclusion: The herb Morinda citrifolia was found to have
significant antimicrobial properties against test bacteria.

UA/OP/12
Anti‑epileptogenic and anti oxidant effect of Borneol:
assessment in pentylenetetrazole induced kindling
model of epilepsy
Rufi Tambe, Pankaj Jain, Sadhana Sathaye
Pharmacology Lab‑II, Department of Pharmaceutical Sciences and
Technology, Institute of Chemical Technology, Matunga, Mumbai, India
Email: rufitambe@gmail.com

Background: Borneol, a bicyclic monoterpene has been
found to exhibit a positive GABA modulatory activity at
human recombinant GABA receptors. Borneol showed
neuroprotection on cortical neurons against oxygen‑glucose
deprivation/reperfusion in vitro and exhibited anti‑inflammatory
and anti‑oxidant activity on cortical neurons. Objective: The
present study was aimed at investigating the anti‑epileptogenic
effect of Borneol in the pentylenetetrazole (PTZ) induced
kindling model along with its ability to suppress oxidative
stress and neuro‑inflammatory marker glial fibrillary acidic
protein (GFAP). Materials and Methods: Borneol (5, 10,
25 mg/kg, i.p.) was evaluated on the course of kindling
followed by estimation of oxidative stress markers like
superoxide dismutase (SOD), reduced glutathione (GSH),
catalase (CAT) and lipid peroxidation (MDA) in PTZ kindled
mice. GFAP was also evaluated at the end of the study
using immunohistochemistry. Results: The results showed
that treatment with Borneol significantly decreased the PTZ
induced seizure score. The biochemical alterations induced by
PTZ were ameliorated in Borneol treated animals which was
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indicated by decreased malondialdehyde levels and increased
glutathione, catalase and superoxide dismutase levels. It
also alleviated the levels of GFAP as manifested by less
immunostaining for the same. Conclusion: The above results
are suggestive of the anti‑epileptogenic potential of Borneol
and it being a promising candidate in the treatment of epilepsy.

UA/OP/13
Punica Granatum Fruit peel: A potential candidate for
holistic treatment in inflammatory disorder of Intestine
Deepali Mahajan, Usha Satyapal, Pratima Tatke,
Vikram Naharvar
Department of Pharmaceutical Chemistry, C. U. Shah College of
Pharmacy, S.N.D.T Women’s University, Santacruz, Mumbai, India
E-mail: deepali.mahajan@gmail.com

Background: Punica granatum fruit, commonly called
pomegranate belongs to family Lythracea. In Ayurveda
its peels are used in treatment of diarrhea and dysentery.
The peels are rich in polyphenols such as tannins and
flavonoids. Objective: The objective of the present is to
study the effects of methanolic extract of pomegranate
peels (ME‑PP) in diarrhea, intestinal inflammation and pain.
Materials and Methods: The anti diarrheal effect of ME‑PP
was investigated by measuring inhibitory action on diarrhea
and intestinal fluid accumulation induced by castor oil; and
intestinal motility in rats. Effectiveness against intestinal
inflammation induced by intra rectal instillation of TNBS
was assessed in mice. The extent of colonic injury was
evaluated by colonic macroscopic damage scores, weight/
length ratio, histopathology; diarrhea score, feed intake and
bodyweight of mice. The colonic inflammatory response
was assessed by TNFα and IL1‑β; and oxidative stress
by malondialdehyde (MDA) levels. The analgesic effects
were evaluated by writhing test in mice. Results: ME‑PP
showed dose dependent effect against diarrhea, intestinal
inflammation and pain. Administration of ME‑PP delayed
the onset of diarrhea, reduced the intestinal motility, and
decreased the intestinal fluid accumulation. The colonic
mucosal injury and inflammation was significantly reduced
by ME‑PP as evidenced by reduced colonic damage, weight/
length, cytokine levels (TNF‑α and IL1‑β) and MDA levels.
Analgesic effect of ME‑PP was demonstrated by reduction
in the writhing which can be correlated to inflammatory
pain associated with intestinal inflammation. Conclusions:
ME‑PP can be a potential holistic treatment for treating
inflammatory disorders of intestine and relieving the
associated symptoms such as diarrhea and pain.

UA/OP/14
Marker‑based standardization of two ayurvedic
formulations: Arka vati and Lavangadi vati
Sunita Shailajan, Sasikumar Menon, Mayuresh Joshi,
Bhavesh Tiwari
Herbal Research Lab, Ramnarain Ruia College, Matunga, Mumbai,
E-mail: m2j5288@gmail.com

Background: Arka Vati (AV) and Lavangadi Vati (LV) are
traditional Ayurvedic formulations used in the treatment of
indigestion, digestive impairments caused by Kapha Dosha,

allergic respiratory conditions, etc. Though the formula
composition and therapeutic claims of these formulations
are part of Ayurvedic Formulary of India, validated scientific
methods for its quality and safety evaluation are yet to
be documented. Objective: Present study was aimed to
carry out marker‑based standardization of AV and LV using
validated HPTLC method. Material and Methods: Standardized
operating procedure for the preparation of AV and LV were
developed in accordance with Ayurvedic Formulary of India.
Physicochemical and preliminary phyto chemical evaluation
was carried out as per reported methods. Chromatographic
evaluation of these formulations was performed using validated
HPTLC method in terms of their piperine content (piperine a
major component of common ingredient Marica). As an
application of this method, in‑house formulations were
compared with the formulations available in the market.
Safety of the formulation was evaluated in mice as per OECD
guideline no. 420. Results: SOPs’ of both the formulations
has been established. Content of piperine was determined
from both the formulations using a simple, rapid and accurate
HPTLC method. Significant variation in the piperine content
was observed in various AV and LV formulations. Conclusion:
The results of quality control parameters obtained after
scientific evaluation of AV and LV can be used as reference
standard for quality control/assurance in laboratories of
pharmaceutical firms in order to have a proper quality check
over their preparation and processing.

UA/OP/15
Hridayavarga Aushadhi‑Carissa carandas: Evaluation
of its antihypertensive activity
Kalyani H. Barve, Tejas Rami
Shobhaben Pratapbhai Patel‑ School of Pharmacy and Technology
Management, SVKM’s NMIMS, Mumbai, India
E-mail: kalyani.barve@nmims.edu

Background: Carissa congesta belonging to Apocynaceae, is
known as karamarda (Sanskrit). It is found throughout India.
The root is credited with stomachic, anti diarrheal, anthelmintic
properties and contains salicylic acid, lignin and sesquiterpenes:
carissone and carindone. However, in Ayurvedic and Unani
system of medicine it is reported to have an effect on the
cardiovascular system, but no scientific evidence exists
for the same. Even the Charaka samhita mentions this as
Hridayavarga class. Objective: To evaluate Phyto‑chemical
and pharmacological comparison of root and bark extract
and Co‑relation of therapeutic activity with phyto‑constituent
of bark and root. Materials and Methods: Alcoholic extract
of bark (BE) and root (RE) was prepared. The extracts were
screened for detection of different phyto‑constituents and
subjected to fingerprinting by TLC. The proposed active
phyto‑constituents of the extracts were evaluated by
molinspiration software to predict the bioactivity and were
then evaluated at 250mg/kg, to check the antihypertensive
effect in cadmium chloride induced hypertensive animals.
Results: The extracts showed the presence of steroids,
glycosides, tannins and alkaloids. The BE showed a blood
pressure of 94.97 + 11.94 mm Hg whereas the RE showed a
blood pressure 67.33 + 8.79 mm Hg against 115.88 + 4.88
mm Hg pressure in hypertensive rats. Carrisone was the major
phyto‑constituent as revealed by the fingerprinting of BE and
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RE.It further showed nuclear receptor binding activity and
enzyme inhibitory activity. Conclusion: The study proves that
the BE and RE of Carissa carandas possesses antihypertensive
activity. However, further investigation are being undertaken
to find the exact mechanism.

UA/OP/16
An upshayatmaka trial of Shreephaladi Vati and
Marichyadi Churna in Grahani dosha
Anita Meghwal, Nadira Khatoon, Pawankumar Godatwar,
Sevatkar Balkrishan, Sisir Kumar Mandal
Department of Roga and Vikriti Vijnana, National Institute of
Ayurveda, Amer Road, Jaipur, Rajasthan, India
E‑mail: anitameghwal09@gmail.com

Background: In the recent years, people are living with
sedentary lifestyle. Hence list of lifestyle generated
disorders are increasing day by day. Grahani dosha that is a
psychosomatic disorder caused by regular intake of junk food
that weakens the digestive fire and disharmony is produced
between the digestion and absorption of body. Objective: To
conduct an upshayatmaka trial of Ayurvedic drugs on grahani
patients. Materials and Methods: Total 60 randomly selected
cases, excluding dropouts were taken and assigned into two
groups (Group A and B). In Group A Shreephaladi Vati was
given in a dose of 2 Vati twice daily after food with Takra as
anupana and in Group B Marichyadi Churna was given in a
dose of 3 g twice daily after food with Takra as anupana. Total
duration of treatment was 2 months with the regular follow‑up
of an interval of 15 days for observing any side effect of
drugs. Results: Shreephaladi Vati on subjective parameters
showed statistically extremely significant (P < 0.0001)
improvement in Drava mala, muhur muh ur mala, Abdominal
pain/discomfort, mucous in stool, gas/flatulence, odor in
stool, arochaka and balakshaya, while Marichyadi Churna
showed statistically less significant improvement in mucous
in stool, gas/flatulence and balakshaya. Conclusion: Both
Shreephaladi Vati and Marichyadi Churna significantly reduced
the symptoms of grahani dosha, although Shreephaladi Vati
was much more effective in reducing the subjective variables
of Grahani Dosha.

UA/OP/17
Studies on Pravala Moola and Shakha Bhasma and
Pisti w.s.r. to pharmaco‑kinetics
Puja Sansare, K. Shankar Rao
Department of Rasashastra, National Institute of Ayurveda, Jaipur,
Rajasthan, India E‑mail: pujasansare@rediffmail.com

Background: Pharmacokinetics is a branch of pharmacology
that deals with the factors that establishes a relationship
between drug dosage and variation of drug concentration at
the site of action. Pravala is a well‑known drug in Ayurvedic
literature since ages, and it has been used in various forms such
as Bhasma and Pisti. For the present study, Pravala Bhasma
and Pisti of both Shakha and Moola have been evaluated for
its absorption and efficacy through the pharmacokinetics.
Objective: To assess the absorption pattern of all the Pravala
samples in serum at certain intervals. Materials and Methods:
The pharmacokinetics study was conducted on dogs so as
10

to determine the different plasma concentration of calcium
after oral administration of test drugs. The amount of calcium
present in the serum before and after administration of
samples was assessed. Further assessment was done at an
interval of ½, 1st, 2nd, 3rd, 4th, 5th, 6th, 7th and 8th h. Results:
The results showed that initially serum calcium level started
increasing after ½ h of drug administration. The peak level of
serum calcium reached at 3rd h and it went down subsequently
till 6th h. At 7th and 8th h, the serum calcium level reached
baseline. Conclusion: Overall the present study suggests
that the Pravala Moola bhasma showed comparatively better
results in increasing serum calcium levels.

UA/OP/18
Clinical evaluation of the role of tablet cardicare and
Basti treatment in the management of coronary artery
disease (Hridyaroga)
Hemant Narwade, R. K. Joshi
Department of Kayachikitsa, National Institute of Ayurveda, Jaipur,
Rajasthan, India
E‑mail: hemantsnarwade@gmail.com

Background: In India, approximately 70 million people suffer
from coronary artery disease (CAD). CAD can be correlated
with Hridyaroga, which has been described in Ayurvedic
texts. WHO considered it as a modern epidemic as it is fourth
leading cause of death. As allopathic treatment of CAD need
group of medicines having a lot of side effects, so there is a
need of some herbal formulation. Objective: Present study
was done to assess the efficacy of herbal formulation tablet
cardicare and Basti treatment in comparison to standard
drug diltiazem (tablet dilzem) on the basis of subjective
and objective criteria. Materials and Methods: Totally,
30 registered patients were divided into three groups
(each containing 10 patients) Group 1 patients received tablet
dilzem (diltiazem hydrochloride) 30 mg TDS for 30 days.
Group 2 patients received tablet cardicare 2 tablets TDS
with lukewarm water for 30 days and Group 3 patients
received tablet Cardicare for 30 days and Basti (kalakrama)
with Dashmula taila and Dashmula kwatha. Patients were
followed up after 15 and 30 days of treatment. Result:
Group 2 and Group 3 patients showed highly significant result
and Group 1 patient showed significant result in symptoms
of CAD “grading scale” provided by “Canadian cardiovascular
society” with changes in lipid profile, electrocardiogram, and
computerized treadmill test. Conclusion: The trial drug tablet.
Cardicare having cardio‑protective and anti‑angina action
along with Basti treatment showed significant results in the
management of CAD (Hridroga) as seen with its effect on
various scientific parameters.

UA/OP/19
Pharmacological evaluation of antipyretic and
analgesic activity of Pippali (Piper longum linn.) fruit
lavigated with cow’s urine
Rabinarayan Acharya, Kapil Lathiya, Rasika Kolhe,
Mukesh Nariya
Department of Dravyaguna, IPGT and RA, GAU, Jamnagar,
Gujarat, India
E‑mail: drrnacharya@gmail.com
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Background: In Ayurveda, Pippali (Piper longum L) and
Gomutra have significant therapeutic values in many
diseases. Bhavana (lavigation) is a procedure intended
to increase the efficacy of the drug or to get the desired
effect. In folklore practice, Gomutra Bhavita Pippali (Pippali
lavigated with cow’s urine) is used in the management
of fever. The growing side effects of the synthetic drugs
necessitate the research for the evaluation of safe, effective
and fast‑acting analgesic and antipyretic herbal remedies.
Objective: To evaluate the antipyretic and analgesic effect
of Pippali fruits lavigated seven times with cow’s urine in
the experimental model. Materials and Methods: For each
study, Charles Foster rats of both the sex were divided
into three groups of six animals each. For anti‑pyretic
and analgesic effect; Brewer’s yeast induced pyrexia,
and Tail flick method was adopted respectively. The test
drug was administered orally at a dose of 540 mg/kg
and the activities were compared with standard control
in both models. Result: In antipyretic study, 1 h after
Brewer’s yeast administration in rats, standard control
paracetamol group produced significant decrease (110%)
and Gomutra Bhavita Pippali produced (96%) decrease in
rectal temperature but insignificant (48.9%) effect was
seen in Gomutra Bhavita Pippali after 3 h in comparison
to control group. Gomutrabhavita Pippali produced
non‑significant increase in tail flick response in comparison
to control group, as well as initial values in evaluation of
its analgesic effect. Conclusion: Gomutra Bhavita Pippal
produced significant antipyretic and moderate analgesic
activity.

UA/OP/20
A preliminary phytochemical evaluation of leaf and
seed of Ipoemia pentaphylla linn
Minutee Patel, Chetan Kamble, Sudipta Roy,
Anagha Ranade, V. J. Shukla, R.N. Acharya
Department of Dravyguna, IPGT and RA, GAU, Jamnagar,
Gujarat, India
E‑mail: ckkamble89@gmail.com

Background: The authentic identification and standardization
of Ayurvedic drugs is a very essential part to assess the
genuinity of the crude drugs. Folklore claims, an integral
part of traditional systems of medicine, are needed to be
validated thoroughly. The phytochemical analysis of any
drug is a primary step toward its authentication. Different
parts of Ipoemia pentaphylla Linn., a folklore medicinal
plant, not reported for its chemical nature, is reported for
its blood purifier, anti‑inflammatory actions. Objective: To
assess the analytical parameters of I. pentaphylla leaf
and seed. Materials and Methods: The study included
primary organoleptic character evaluation followed by
physicochemical analysis constituting determination of loss
on drying, total ash, alcohol soluble extractive value, pH,
etc. Qualitative tests were done to identify the presence of
various chemical constituents followed by quantitative
estimation of protein and HPTLC study. All the studies
were carried out following standard laboratory parameters.
Results: The study revealed the presence of higher moisture
content in the seeds than in the leaf Ash values of seed
and leaf were found to be 26.31%w/w and 16.43% w/w

at 4500C. Water‑soluble extractive value of leaf was
higher while alcohol soluble extractive value was higher in
seeds. Preliminary qualitative tests revealed presence of
alkaloids, tannin, steroids, flavonoids, carbohydrates, etc.,
in leaf and amino acids and protein in seed. Quantitative
protein estimation and HPTLC study were also performed.
Conclusion: The present observations may be considered as
a standard parameter for preliminary phytochemical values
of I. pentaphylla Linn.

UA/OP/21
Krimi chiktsa in Amlapitta and its significance ‑ a statistical
analysis
Neha Sharma, Sameer Naik
Department of Kayachikitsa, KLE University’s Shri BMK Ayurveda
Mahavidyalaya, Shahapur, Belagaum, Karnataka, India
E‑mail: dr.nehasharma24@gmail.com

Background: In Ayurveda, Amlapitta is a disorder considered
for gastric irritation, abdominal pain, etc. Amlapitta is
a conditional disorder that is considered as precursor
of Grahani roga and for grahani roga, Krimi chiktsa is
mentioned. Objective: To analyze whether the Krimi
chikitsa can show a significant result in Amlapitta or not.
Materials and Methods: A prospective study was carried out
in individuals having chief complaint of Amlapitta. Totally,
105 subjects were randomly selected strictly on the basis
of inclusion and exclusion criteria who visited the OPD in
the year 2013 and 2014 at our institute. Among them, 32
belonged to vata predominant prakriti (30.47%), 53 pitta
predominant prakriti (50.47%), 20 kapha predominant
prakriti (19.04%). All patients were treated with Krimikuthara
rasa and Vidangarista. Results: It was observed that the
chief symptoms of Amlapitta that is, burning sensation,
abdominal pain, arochaka were reduced up to 30–40%.
Conclusion: The study reveals the beneficiary role of Krimi
Chikitsa in Amlapitta patients.

UA/OP/22
Wound healing activity of standardized methanolic
extract of Randia dometorum (rubiacae)
Chhaya Gadgoli, Priyanka Gosavi
Department of Pharmacognosy, Saraswathi Vidya Bhavan’s College
of Pharmacy, Dombivli, Mumbai, Maharashtra, India
E‑mail: chhayahg@rediffmail.com

Background: Randia dometorum fruits are commonly called
as Madana, utilized in folklore medicine for treatment
of ulcers, inflammation, wounds and skin diseases.
Objective: The present study was carried out with the aim
to evaluate the wound healing activity of methanolic extract
of fruits of R. dometorum. Materials and Methods: The fruits
were extracted successively with methanol and water. The
methanolic extract was incorporated in simple ointment base
in the concentration of 1 and 2% w/w and evaluated for the
wound healing activity in rats using excision and incision
wound models. The monitoring of wound healing process
was done through determination of parameters viz., period of
epithelization and hydroxyproline content in eschar in excision
wound model, while in case of incision wound model the tensile
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strength of newly formed skin was determined. A triterpenoldal
aglycon RD1 isolated from the metahnolic extract was utilized
for the standardization of the extract. Results: The methanolic
extract was found to contain 0.45% w/w of RD1 that was
characterized to be oleanolic acid. The methanolic extract
in the concentration of 2% w/w exhibited good wound
healing activity as significant (P < 0.001) reduction in the
epithelization period and significant (P < 0.001) increase
in the hydroxyproline content and the tensile strength, was
observed as compared to the control group treated with the
simple ointment base. Conclusion: Methanolic extract of the
fruits of R. dometorum has good potential as wound healing
agent and is rich in saponins.

UA/OP/23
Gastro protective effect and biomarker‑based
pharmacokinetic profile of an Ayurvedic formulation:
Bilvadileha
Sunita Shailajan, Archana Matani
Herbal Research Lab, Ramnarain Ruia College, Matunga, Mumbai,
Maharashtra, India
E‑mail: sampatarchana@yahoo.com

Background: The high risk of developing gastric ulcers by
non‑steroidal anti‑inflammatory drugs has affected their
common application in the treatment of various inflammatory
disorders. Several indigenous plants and formulations
have been described in Indian systems of medicine for
such symptoms. Bilvadileha is an Ayurvedic semi solid
formulation prescribed for the treatment of digestive
impairment, tastelessness, emesis and excessive salivation.
Objective: Though composition and therapeutic claims of
Bilvadileha are part of the Ayurvedic Formulary of India, the
scientific validation of its pharmacological profile is yet to
be documented. Materials and Methods: Chromatographic
standardization was carried out using HPTLC, which included
the determination of piperine content in Bilvadileha along with
the evaluation of its stability samples for different storage
periods. Acute toxicity studies were conducted in mice as
per OECD guidelines No. 420. Evaluation of the preventive
effect of Bilvadileha on indomethacin induced (30 mg/kg p.o.)
experimental gastric ulcer in rats (180–200 g) was carried
out and compared with that of synthetic anti‑ulcer drug
Omeprazole (10 mg/kg). Pharmacokinetics of piperine from
Bilvadileha after oral administration to rabbits was evaluated
using validated high‑performance liquid chromatography
method. Results: Piperine content in Bilvadileha was found to
be 0.72 ± 0.02 mg/g using HPTLC. Safety of the formulation
was affirmed in mice at 2 g/kg. Aqueous slurry of Bilvadileha
prevented ulcer formation in indomethacin‑induced ulcer
model. Piperine was detected in rabbit plasma with Cmax and
Tmax of 79.21 ± 1.24 ng/ml and 0.75 h respectively post
administration of Bilvadileha. Conclusion: The current work
demonstrates modern approach toward standardization of
traditional Ayurvedic formulation Bilvadileha.

UA/OP/24
Correlation between Mamsa sarata and muscle
strength
Jitendra Rajput, R. R. Deshpande
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Department of Kriya Shareer, College of Ayurved and Research
Centre, Nigdi, Pune, Maharashtra, India
E‑mail: dr.jitendra8rajput@gmail.com

Background: In the Dashvidha pariksha of Ayurveda, it
has stated that Saar pariksha is one of the important
investigation that is, examination for the strength. To
understand the quantitative and qualitative strength of
body, Ayurveda has specifically explained the Dhatu Sarata
concept. Dhatu quality is important for immunity aspect and
body strength. Ayurveda says Mamsa Sara person has a
good quality Bala. Bala can be translated in many ways as
muscle strength or stamina or muscle flexibility. Strength
of the body can be explained as “Bala”. So, the topic has
been selected to find out the relation of Mamsa Sarata
and “Muscle strength” by grip dynamometer. The practical
applicability of this study will be the availability of objective
parameter for Bala, mentioned in Mamsa Sarata examination.
Materials and Methods: Totally, 50 healthy volunteers were
selected. Mamsa Sarata was taken out with the help of the
conventional method (questionnaire). Grip dynamometer
was used for muscle strength measurement. Both the
readings were co‑related with each other. Results: While
doing the study, it was noticed that muscle strength could
be co‑related with mamsa sarata. Uttam mamsa sara
people have good muscle strength while heen mamsa
sarata person have less muscle strength. Conclusion: So
grip dynamometer can be used instead of mamsa sarata
questionnaire for taking out mamsa sarata and muscular
status of a person. This could be very useful and simple
and time‑saving process. This will help in updating Ayurveda
with the modern technology also.

UA/OP/25
Role of modern analytical validation of Ayurveda
Sidhipariksha for ayurvedic formulation w.s.r. to
Bhasma form
Atul Dnyandeo Sanap, J. M. Takalikar
Department of Rasashastra and Bhaishjya Kalpana,
Loknete Rajarambapu Patil Ayurvedic Medical College, Hospital,
Post Graduate Training and Research Center, Urun‑Islampur,
Sangli, Maharashtra, India
E‑mail: samap067@gmail.com

Background: As requirement of increased Ayurvedic drug
use, Ayurvedic pharmaceutical company has to establish
more production of Ayurvedic formulations (Drugs) within the
short period. These productions have affected the properties
and action of Ayurvedic medicine. Also, as the requirement
increases the genuine raw material is hard to get. In such
cases, substandard products may be manufactured specially
the Bhasmas. To hurry in supply the same they show low or
null medicinal effect. This produced bad image of Ayurveda
at national and international level. For avoiding these, there
is need to establish standards for it. Objective: To study
Ayurvedic Bhasma Pariksha in Ayurvedic view, to study
the modern analytical parameters for Ayurvedic Bhasma,
to correlate the Bhasma Pariksha and analytical parameters
for Ayurvedic Bhasma. Materials and Methods: The modern
analytical parameter like XRD, XRF, SEM‑EDX, AAS were
used and correlated with Ayurvedic Bhasma Pariksha such
as Varitaratva, Apunarbhavatva, Rekhapurnatva, Mrutaloha,
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Nirutha, Uttam Pariksha, Amla Pariksha. E.g. Vanga Bhasma
is in oxide form (SnO) with about 98% which can be
correlated with apunrbhavatva and practical size correlates
with Rekhapurnatva. Result: These show that the modern
analytical parameters tests are significant for Ayurvedic
Bhasma or vice‑a‑versa. Conclusion: There is a need to prove
and establish the standards of Ayurvedic Bhasma with the
help of modern parameters.

UA/OP/26
A randomized control trial of Arjuna and Agnimantha
on metabolic syndrome
Sachin Kumar, Pawankumar Godatwar, Himmat Lal Dhaker
Department of Rognidana, National Institute of Ayurveda, Jaipur,
Maharashtra, India.
E‑mail: drsachinrai1983@gmail.com

Background: Metabolic Syndrome has received increased
attention more and more in the past few years globally and
is the burning problem of today’s world. It is a set of risk
factors that includes abdominal obesity, insulin resistance,
hypertension and dyslipidemia. Objective: To evaluate
the efficacy of Arjuna churna and Agnimantha churna in
metabolic syndrome. Methods: Totally, 120 patients were
selected randomly and divided into two groups. Group A
patients were treated with Arjuna churna. Group B patients
were treated with Agnimantha churna. Chief symptoms
of metabolic syndrome along with prakriti and bala were
taken into consideration. The patients were diagnosed
for metabolic syndrome on the basis of criteria laid down
by International Diabetes Federation (2005). Results: In
Group B, chief symptoms of metabolic syndrome that
is, Chala sphika udara stana, Krichha vyavaya, Kshuda
vriddhi, Nidradhikya, Kshudra swasa, Alpa bala, Alasya,
Bahu mutrata, Hriddrava, Kosthabaddhata showed highly
significant improvement, while in Group A only Kshuda
vriddhi Svedadhikya and Kosthabaddhata showed significant
improvement. Biophysical parameters such as body
weight, body mass index, visceral fat, body fat, Basal
metabolic rate, Waist hip ratio, pulse rate, respiratory rate
and blood pressure (systolic and diastolic) were assessed
and significant results were obtained in both the groups.
Conclusions: Arjuna churna showed better results in Bhrama,
Shirah shoola, Hriddrava, while Agnimantha churna showed
better results in most of the other major signs and symptoms
of Metabolic syndrome.

UA/OP/27
Rosa damascena flower petals: A potential agent for
oxidative stress related disorders
Priti Patil, Pratima Tatke, S. Y. Gabhe1
Department of Pharmaceutical Chemistry, C. U. Shah College
of Pharmacy, S.N.D.T Women’s University, Santacruz, Mumbai,
1
Department of Pharmaceutical Chemistry, Bharati Vidyapeeth
Deemed University, Poona College of Pharmacy, Erandwane, Pune,
Maharashtra, India
E‑mail: patilpriti25@gmail.com

Background: Rosa damascena mill (Rosaceae) is known
for its perfumery and cosmetic applications. Medicinal
properties of anti‑HIV, antibacterial and antioxidant activities

of R. damascena have been demonstrated. Rose petals
contain volatile oils, glycosides, phenolic such as flavonoids
that are responsible for its free radical scavenging activity.
Objective: The main objective of the study was to evaluate
the free radical scavenging activity of R. damascena flower
petals by various in‑vitro free radical scavenging assay
methods. Materials and Methods: Ethanol, chloroform,
acetone and aqueous extracts of fresh and dried Rose
petals were prepared and evaluated for the presence
of total phenolics in terms of Gallic Acid Equivalent.
Ethanol and acetone extract with high phenolic content
were selected for various in vitro free radical scavenging
assays using 2,2‑diphenyl‑1‑picrylhydrazyl (DPPH),
2,2′‑Azinobis [3‑ethylbenzothiazoline‑6‑sulfonate] (ABTS),
pyrogallol red bleach by peroxynitrite inhibition, xanthine
oxidase inhibition (XOI), superoxide scavenging and lipid
peroxidation assay. Results: All the extracts of fresh and
dried Rose petals were found to contain higher amount
of total phenolic calculated as mg/GAE/g. The amount
was highest in ethanol >acetone >aqueous >chloroform
extract. The ethanol extract of fresh and dried petals showed
lowest IC50 values than the acetone extract by DPPH, ABTS,
peroxynitrite inhibition, XOI, superoxide scavenging and lipid
peroxidation inhibition methods. Conclusion: Ethanol extracts
of fresh and dried Rose petals exhibited promising free radical
scavenging activity. These extracts have good potential in
the treatment of oxidative stress related disorders.

UA/OP/28
Pharmacognostic evaluation of Mimusops elengi L.
flowers: An important Ayurvedic medicinal plant
Deepti Gurjar, Sunita Shailajan
Herbal Research Lab, Ramnarain Ruia College, Matunga, Mumbai,
Maharashtra, India
E‑mail: deepsgurjar@gmail.com

Background: Mimusops elengi L. flowers (Sapotaceae,
Bakul) have been traditionally used in the history of medicine
and Ayurveda as a brain tonic, in the treatment of asthma
and for their different therapeutic activities like antiulcer,
wound healing, antioxidant, etc. Objective: The present
study was aimed to evaluate the pharmacognostic profile
of M. elengi flowers. Materials and Methods: M. elengi
flowers were subjected to evaluation of proximate and
physicochemical parameters. Phytochemical characterization
was carried out using validated HPTLC methods and gas
chromatography–mass spectrometry (GC‑MS) technique.
Safety profile of the plant was evaluated by carrying out
heavy metal analysis and acute oral toxicity study in rats
as per OECD guidelines no. 420. Results: Proximate and
physicochemical parameters of M. elengi flowers were
established. HPTLC analysis of M. elengi flowers revealed the
presence of some bioactive markers like β‑sitosterol, lupeol
and gallic acid whereas ursolic acid, quercetin and kaempferol
were not detected. GC‑MS analysis of flowers revealed the
presence of another bioactive marker eugenol too along
with presence of around 16 different compounds. M. elengi
flowers showed the level of heavy metals (As, Pb, Cd and Hg)
within the permissible limits. Results of the acute oral toxicity
study ensures adequate safety margin of M. elengi flowers at
2000 mg/kg in rats. Conclusion: The pharmacognostic profile
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for M. elengi flowers obtained as a finding of this research
work will contribute in their identification and standardization.
The validated HPTLC methods for estimation of different
bioactive marker can be applied to various other herbal drugs/
formulations for the estimation.

UA/OP/29
Estrogenic effect of an Ayurvedic medicinal plant:
Saraca asoca flowers
Gauri Swar, Sunita Shailajan
Herbal Research Lab, Ramnarain Ruia College, Matunga, Mumbai,
Maharashtra, India
E‑mail: gaurirswar@gmail.com

Background: Saraca asoca (Roxb). De Wilde. (Caesalpiniaceae),
popular as Ashoka, is a medium evergreen tree regarded as
one of the most important indigenous medicinal plants in India,
which has been claimed for its potential use in women’s’
health problems. Flowers are used in the treatment of
diabetes, cancer, and hemorrhagic dysentery and are given
as tonic to females with uterine disorders. Objective: The
study was designed to investigate the estrogenic potential
of standardized ethanolic extract of S. asoca flowers
using ovariectomized female albino Wistar rat. Materials
and Methods: Ethanolic extract of S. Asoca flowers has
been standardized in terms of its kaempferol content using
validated HPTLC method. Safety of the extract was evaluated
at 2000 mg/kg body weight in female albino Wistar rats.
Ovariectomized animals were administered with the extract
at three dose levels ‑ 100 mg/kg, 200 mg/kg and 400 mg/kg
body weight orally once for two weeks. Estrogenic effect was
studied by assaying the activities of various serum and plasma
marker enzymes and hormones in addition to the effect on
vaginal cornification, uterine histology, and uterotonic effect.
Results: The kaempferol content was found to be 2.3 mg/g of
extract. Estrogenic effect of standardized extract of S. Asoca
was found to be in a dose‑dependent manner. Conclusion:
The standardized extract of S. asoca may be used as an
alternative therapy for the treatment of female reproductive
disorders caused due to estrogen deficiency.

UA/OP/30
Evaluation of polyherbal oral formulation for antidiabetic
activity
Vanita V. Gurale, Savita R. Kulkarni, P. K. Khatwani
Department of Pharmacognosy and Phytochemistry, Bombay
College of Pharmacy, Kalina, Santacruz, Mumbai, Maharashtra,
India
E‑mail: vanita7827@gmail.com

Background: The individual extracts of leaves of Murraya
koenigii (MK), Annona squamosa (AS) and roots of Plumbago
zeylanica (PZ) had shown promising results in oral glucose
tolerance test (OGTT) model. Objective: In order to study the
potential synergistic activity of all these herbs, the capsules
of each containing 200 mg extract of each of MK and AS
and 40 mg of powder of PZ were prepared and tested for
antidiabetic activity in STZ induced diabetic rat model.
Materials and Methods: The aqueous extracts of all the
ingredients that is, leaves of MK, AS, and root powder of PZ
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were prepared by hot decoction method and extracts were
evaporated to get fine powder. The optimized dose revealed
from OGTT study was selected for the capsule formulation.
All the ingredients of the capsules were mixed together in
required proportion with suitable excipients and filled into the
capsules. The capsules were studied for their physicochemical
stability, content of phytochemical marker by HPTLC and their
antidiabetic activity using STZ induced diabetic rat model.
Results: The OGTT study of individual extracts had revealed
that at the dose of 200 mg for MK and AS, lowered blood
glucose by 64%. The dose of the polyherbal formulation was
calculated by extrapolation of these studies to human dose.
The current study showed that the polyherbal formulation was
64% as effective as glibenclamide in STZ induced diabetic rat
model. All the constituent herbs of capsule contain rutin that
is known to have antidiabetic activity. Conclusion: Hence, a
good oral polyherbal formulation is available for management
of Diabetes.

UA/OP/31
Enhancement of wound healing activity utilizing
combination of napthoquinone dimer from Onosma
echioides and Yashad bhasma
Purnima Vivek, Nikita Gawand, Chhaya Gadgoli
Department of Pharmacognosy, Saraswathi Vidya Bhavan’s College
of Pharmacy, Dombivli, Mumbai, Maharashtra, India
E‑mail: purnimaviv@rediffmail.com

Background: Root bark of Onosma echioides is commonly
utilized in folklore medicines to treat skin eruptions. It is
rich in naphthoquinones, alkanins, and shikonins. Yashad
bhasma is rich in zinc oxide is known as mild astringent,
antiseptic and accelerates wound healing. Objective: The
present study is aimed at preparation of a combination of
isolated naphthoquinone dimer [C40 H44 O10] with Yashad
bhasma and to evaluate its wound healing potential.
Materials and Methods: The isolated compound OE1,
Yashad bhasma and combination of OE1 + Yashad bhasma
were incorporated in simple ointment base in concentration
0.25%w/w, 1.25%w/w and 0.125%w/w + 0.62%w/w
respectively. The above formulations were evaluated
for the wound healing activity in rats using excision and
incision wound models. Determination of parameters
viz. period of epithelization and hydroxyproline content
in Eschar in excision wound model while in incision
wound model the tensile strength of new skin was
determined. Results: The combination of OE1 and Yasahad
bhasma (0.25%w/w + 0.62%w/w) showed to have better
wound healing activity as significant (P < 0.001) reduction
in the epithelization period and significant (P < 0.001)
increase in hydroxyproline content and tensile strength
than the isolated compound (0.25%w/w) and Yashad
bhasma (1.25%w/w). Conclusion: Isolated compound OE1
when used in combination with Yashad bhasma exhibited
better wound healing potential than OE1.

UP/OP/32
Effect of Pratisarniya kshara in the management of
Gudabhramsha
Shikha Nayak, P. Hemantha Kumar
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Department of Shalya Tantra, National Institute of Ayurveda, Jaipur,
Rajasthan, India
E‑mail: shikhanayak24@gmail.com

Background: The disease Gudabhramsha, which is described
in Ayurvedic literature and rectal prolapse are one and the
same disease with different terminology. Sushruta has
described Kshara karma where Pratisaraneeya Kshara Karma
is described in Arsha Chikitsa, in the context of ‘Bhrasta
Guda’ (Rectal Prolapse), which is said to be the effective one.
Objectives: To evaluate the effect of “Pratisaraneeya Kshara
Karma” in the management of Gudabhramsha. Materials
and Methods: Totally, 20 patients were randomly selected
for Apamarga Pratisaraneeya Kshara Karma. During this
treatment, the patients were observed for daily improvement
and relative observations were noted on 1st, 2nd, 3rd, and
7th day. After that, patients were advised to come for
follow‑up once in a week, for 1 month and then once in a
month for 6‑months. All the cases were assessed as per the
clinical criteria fixed for the study that is, degree of prolapse
and anal sphincter tonicity. Results: In the present study, the
improvement of degree of rectal prolapse showed that, on 1st,
2nd, 3rd, and 7th day, it was 91.4% improvement. But at the
end of 1st month, due to recurrence occurred in some cases
the improvement in the degree of Prolapse was decreased
from 91.4% to 87.23%. On 6th month also it was 87.23%.
However, 4th degree rectal prolapse shows poor results in
this study. Conclusion: After collecting all the research data,
clinical profiles, reports, observations and results of this
study, the efficacy of Pratisaraneeya Kshara Karma appears
to be very effective in Gudabhramsha (Rectal Prolapse).

UA/OP/33
Assessment of state of aggravated Doshas through
physical and bio‑chemical examination of blood:
A diagnostic study
Mukesh Bhayal, Naresh Kumar Mahawar, Reetu Sharma,
Sisir Kumar Mandal, Surendra Kumar Sharma
Department of Roga Nidana Evam Vikriti Vijnana, National Institute
of Ayurveda, Jaipur, Rajasthan, India
E‑mail: mukeshbhayal@gmail.com

Background: Ayurveda is the clinical science of medicines
that has holistic approach to improve the quality of life
of an individual. The theory of tridosha is the foundation
of Ayurveda. Doshas are not stable, they decrease,
increase or remain same at every moment and they
govern the physiological and physiochemical activities.
Objective: To establish the correlation between the
states of aggravated doshas and laboratory investigation.
Materials and Methods: Total 99 subjects were selected
randomly from OPD and IPD of our institute. The patients
were examined clinically through questionnaires, and
their physical examinations were recorded in a performa.
Results: Doshik imbalance is the initial cause of any disease.
Doshik imbalance reflects on physical, mental as well as
bio‑chemical character of the body. Low‑density lipoprotein,
triglyceride, very‑low‑density lipoprotein indicates aggravated
kapha involved in diseases like prameha, medoroga, kaphaja
hridroga etc., Blood urea level was slightly higher in pitta and
vata prakriti indicating pitta is usually related to increased
metabolic effect in the body. Conclusion: There are no

objective parameters to assess the doshik state in the body,
we usually assess doshik vriddhi and kshaya state based
on clinical features.It was concluded that there are some
variations in the bio‑chemical factors that may help to assess
the condition of doshas very easily and accurately.

UA/OP/34
Multiple lipomatosis and its Ayurvedic management
Pranav P. Redkar, Yunus G. Solanki
Department of Shalya Tantra, Government Ayurved College,
Osmanabad, Maharashtra, India
E‑mail: drpranav213@gmail.com
Background: Lipomatosis is a rare disorder of unknown
etiology in which multiple lipomas are present on the body.
Many discrete, encapsulated lipomas are formed on the trunk
and extremities, with relatively few appearing on head and
shoulders and not usually seen on face, scalp, plantar and
palmar surface. Lipomas are usually observed between third to
fifth decades of life. Existing Lipomas keep on growing in size
and newer lipomas keep on appearing, disfiguring the body
parts. In Ayurveda this condition is known as Medoj granthi
and it is produced as a result of vitiation of Meda dhatu. There
is no known remedy for multiple lipomatosis in contemporary
that is, modern medicine except surgical removal that is
inadequate. Objective: To assess the effect of Ayurvedic
remedy in the management of multiple lipomatosis. Materials
and Methods: In the present study, seven patients of multiple
lipomatosis were treated with Ayurvedic medicine. Detail
family history was taken, and family members assessed for
multiple lipomatosis. Patients were thoroughly investigated.
According to prakriti and rutu, vidhipurvak shodhan chikitsa
followed by Shaman Chikitsa comprising of trikatu churna,
kanchanar guggul and medohar gana kashaya of Charaka
samhita was given for 6 months. Follow up was taken after
every 15 days for 3 months and thereafter every month for
next 3 months. Result: As a result of above treatment, the
growth of existing lipoma and appearance of new lipomas
was arrested. Conclusion: Ayurvedic formulations followed
by Shodhan chikitsa is effective in multiple lipomatosis and
should be persuade for a longer time.

UA/OP/35
Role of Kushthadi lepa and Guduchi churna in the
management of Vicharchika
Saroj Choudhary, Chetana Agrawal, Sisir Kumar Mandal,
Surendra Kumar Sharma, S. K. Khandal
Department of Roga Nidan and Vikriti Vijnana, National Institute of
Ayurveda, Jaipur, Rajasthan, India
E‑mail: sarojchaudhary@gmail.com

Background: Vicharchika is described under Kshudra kushtha
in Ayurvedic classics, also mentioned as a curable disease
yet the relapsing nature of this disease makes it much
harassment for patient and also troublesome for physician. The
disease Vicharchika is not a life‑threatening one, but makes
patient upset due to its appearance. Objective: To find out
the role of Kushthadi Lepa and Guduchi Churna (Tinospora
cordifolia Thunb. Miers) in the management of Vicharchika.
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Materials and Methods: For this study, total 30 patients of
age group 18 to 70 years were selected and were equally
categorized into three groups. Group A patients were given Lepa
Q. S and Guduchi Churna 5 g twice a day after Samsodhana
karma (Virechana karma). Group B patients were advised
for Lepa along with Guduchi churna. Group C patients were
advised for Lepa only. The duration of the trial was 30 days.
Result: Highly significant relief was seen in all the parameters
of Groups A, B and C respectively that is, marked improvement
in erythema (60%, 47.6%, 55%), Pidika (68.4%, 58%, 54%),
pruritus (56.52%, 59%, 62%), oozing (66%, 83%, 62%).
Although the relief was seen, it was not statistically significant.
Conclusion: Virechana Karma provides comparatively better
results in symptoms of Vicharchika like Shotha, Svayathu,
Kandu and Pidika. The trial drug Guduchi acted as an
immunomodulator to combat the disease.

UA/OP/36
Formulation development of an anti‑inflammatory
herbal transdermal film
Chintan Bhavsar, Trusha Parekh, Anjali Gohel, Tabassum Khan
SVKM’s Dr. Bhanuben Nanavati College of Pharmacy, Mumbai, India
Email: chintanbhavsar93@gmail.com

Background: The conventional oral anti‑inflammatory drugs
available today are associated with side effects like gastric
irritation thereby reducing the patient compliance for chronic
use. Herbal medicines are believed to be relatively safe and
effective. Hence, an anti‑inflammatory herbal transdermal
film was formulated. Objective: To formulate an herbal
transdermal film containing anti‑inflammatory extract.
Materials and methods: The Methanol extract of Acacia
nilotica (F: Mimocaceae) pods (MEA) exhibited a significant
in vivo anti‑inflammatory activity in rats and it also showed
a significant anti‑arthritic activity in our laboratory studies.
Also, Cinnamon oil (Cinnamon zeylanicum) and Lemon
oil (Citrus limon) were incorporated into the formulation
for synergistic activity. 1g each of lemon oil and cinnamon
oil was emulsified in glycerin using Tween80 as emulsifier.
Polyvinyl pyrrolidone and polyvinyl alcohol were dissolved
in adequate hot distilled water. 10% MEA in DMSO and the
emulsion prepared was added to the above aqueous solution
and uniformly stirred. This solution was poured in petri
plates and allowed to dry to form the film. Physicochemical
evaluation tests and preliminary diffusion studies were
carried out using Franz diffusion cell and the results were
obtained. Results: The film obtained was uniform in terms
of weight, flatness, percent moisture loss and thickness.
Preliminary diffusion studies that were carried out showed
satisfactory drug release through the Nylon 6.6‑ 0.45µ lipid
membrane. Conclusion: The herbal transdermal film was
prepared successfully. This film can be used as an alternative
to the oral NSAIDs for chronic treatment of arthritis.

UA/OP/37
A randomized controlled trial of Apamarga (Achyranthus
aspera L.) and Vyoshadi Guggulu on Sthaulya
(Overweight)
Manisha Talekar1, Pawankumar Godatwar1,
Sisir Kumar Mandal1, Sudhir Turi2
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Department of Roga and Vikriti Vijnana, National Institute of
Ayurveda, Jaipur, Rajasthan, 2SSMB Ayu College, Moga, India
Email: dr.mani21jan@gmail.com
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Background: Obesity is one of the highly neglected
health problems and a type of which invites many major
and minor diseases. It certainly shortens the life‑span.
Presently obesity has turned in to a pandemic and needs
attention from all aspects of its control. Objective: The
Present study was done to assess the efficacy of trial drug
Apamarga Tandula and Vyoshadi Guggulu in comparison to
standard drug Sibutramine on Anthropometric Parameters.
Materials and Methods: 60 subjects were randomly
divided in three groups. Apamarga Tandula was given
to group A, Apamarga Tandula and Vyoshadi Guggulu
was given to group B and the standard drug Sibutramine
was given to group C. The subjects were assessed every
15 days‑ before start, once during and at the end of trial of
8 weeks. Results: Apamarga Tandula showed significant
improvement in body fat %, Waist circumference and SKFT
while Apamarga Tandula and Vyoshadi Guggulu showed
significant improvement in BMR, Waist circumference and
SKFT. The control drug sibutramine showed significant
improvement in body fat % and Waist circumference.
Conclusion: When the adverse affects of the control
drug sibutramine are taken into account, it can be safely
concluded that the Apamarga Tandula is a better drug for
the management of obesity especially in combination with
Vyoshadi guggulu than the control drug sibutramine.

UA/OP/38
A clinical study of changes in the lipid profile after
administration of Amrutadhya Guggulu w.s.r. to
hyperlipidemia
Barapatre Pranali S, Wankhade VH
Department of Kaychikitsa, Vidarbha Ayurved Mahavidyalaya,
Amravati, India
Email: pbarapatre317@gmail.com

Background: Hyperlipidemia is one of the major lifestyle
disorders. It has been identified as a potential risk factor in
the manifestation of serious diseases like Ischemic Heart
Disease (IHD), Diabetes, Stroke etc., which is an important
cause of morbidity and mortality all over the world. These
lifestyle disorders have been referred to as the Santarpanjanya
Vyadhis in the classical texts. As Guggulu is most potent
drug in Hyperlipidemia also proven its Karshan property,
Guggulu compound i. e. Amrutadhya Guggulu as indicated
in Sthoulya Chikitsa by Aacharya Chakradatta was selected
for the clinical study. Objectives: To evaluate the clinical
efficacy of Amrutadhya guggulu and to study the changes
in lipid profile after administration of Amrutadhya guggulu in
Hyperlipidemia. Material and Methods: 60 clinically diagnosed
patients attending the OPD/IPD of our institute were selected
for the present study randomly and divided in two groups.
Group A contained 30 patients to which Amrutadhya Guggulu
500mg TDS was given and Group B contained 30 patients
which were on placebo. Duration of treatment was 60 days;
follow‑up was taken every 15 days. Result: The result of the
study revealed that Amrutadhya guggulu was found to have a
significant effect in the lipid profile. Conclusion: Amrutadhya
guggulu proved effective in treating Hyperlipidemia.
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UA/OP/39
Virechana karma‑A statistical analysis
Rahul Singh Sisodia, B.S.Prasad
KLE University’s Shri BMK Ayurveda Mahavidyalaya, Belagaum, India
Email: dr.rahulsingh0508@gmail.com

Background: Panchakarma is a set of five procedures
claimed to eliminate the vitiated doshas from the body
and Virechana is one of them. For Virechana karma
kostha assessment is necessary and Virechana karma is
administered with different Virechaka yogas such as Trivrita
Lehya, Dantyavaleha, Abhayadi Modaka etc. Objective: To
assess the efficacy of Trivrita Lehya on types of kosthas.
Materials and Methods: In KLE Ayurveda Hospital, Belgaum
total number of virechana administered from January
2012 to September 2014 is 753. All Virechana karmas
were selected to carry out retrospective study irrespective
of disease. Out of them 409 patients (54.31%) were
having krura kostha, 126 (16.73%) madhyama kostha
and 218 patients (28.95%) Mridu Kostha. Out of them
621 Patients (82.47%) were administered with Trivrita
lehya and rest 132 patients (17.52%) administered with
other Virechaka Yogas. In krura kosthi patients 30 gm
Trivrita Leha is given to 291 (71.14%), in Madhyama
kosthi 92 patients (73.01%) 25 gm Trivrita Leha given, in
Mridu Koshthi 189 (86.69%) 20 gm of Trivrita Leha given.
Results: By Trivrita lehya madhyama, avara, pravara shuddhi
observed in krura, madhyama, mridu kostha respectively.
Conclusion: If kostha assessment and dose calculation is
perfect then Trivrita leha can give good results in Virechana.

UA/OP/40
Handshake of Ayurveda with modern science: Novel
approach towards development of antimicrobial skin
formulations
Divij Kotian, Rujuta Deshpande, Shubha Govil,
Aparna Deshmukh
Thakur College of Science and Commerce, Mumbai, India
Email: drasdeshmukh@gmail.com

Background: Modern antimicrobial formulations are focused
to act on microbes, and not the hosts. Ayurveda prescribes
herbal formulations indicated for multiple skin conditions and
also for improving host immune mechanisms. Benefits of
nanoparticles in antimicrobial formations are already reported.
This prompted us to explore in vitro the novel approach of
combining modern scientific tools with ancient wisdom of
Ayurveda as a step towards development of antimicrobial
formulations. Objective: The study aimed to evaluate in vitro
anti‑microbial and immuno‑modulatory activity of various
herbs indicated in various skin infections, ZnO nanoparticles
and their combinations. Materials and Methods: 23 herbal
preparations of herbs, ZnO nanoparticles and their
combinations were tested for antimicrobial effect against
pathological isolates of Staphylococcus aureus and Candida
albicans using agar cup method. Their effects on the first line
of host defense were studied by determination of neutrophil
phagocytic activity. Results: Rubia cordifolia (Manjishtha),
Allium sativum (Garlic), Piper betle (Beetle), Ocimum
sanctum (Tulsi), Terminalia chebula (Harade), Azadirachta

indica (Neem) and Ficus bengalensis (vat) were effective
against Staphylococcus aureus and Candida albicans.
Maximum stimulation of neutrophil phagocytosis was
observed with Rubia cordifolia (% phagocytosis 86.6 vs.
control 37 ± 10 and phagocytic index 1.66 vs. control
1.3 ± 0.2) and Ocimum sanctum (phagocytic index 1.95
and % phagocytosis 65.4). ZnO nanoparticles in the range
of 0.1‑ 0.5 mg/ml showed antimicrobial activity and also
stimulation of phagocytosis (% phagocytosis 87.5; PI: 1.69).
Conclusion: Amongst the tested combinations, additive but
not synergistic antimicrobial action was observed between
ZnO nanoparticles and Manjishtha decoction.

UA/OP/41
Development and physico‑chemical evaluation of pain
balm ointment by Gunja seeds
Prashant Kumar Singh, SantoshS. B, K.S. Gudaganatti,
R.R.Hiremath
KLEUs BMK Ayurveda Mahavidyalaya Shahapur Belgaum, India
Email: singh9947@yahoo.com

Background: Gunja (Abrusprecatous) is an herbal poisonous
drug mentioned under the group of upavishas in Ayurveda.
External application of paste of Gunja seeds have said to be
useful in the management of pain. Objective: To develop an
ointment by using extract of Gunja seeds and other bases by
fusion method. Materials and Methods: Soxhlet extraction
of Gunja seeds was prepared by using ethyl alcohol. The
ointment base was prepared using fusion method by using
hard paraffin 370 C 5%, Cetostearyl alcohol 48‑560 C 5%,
Lanolin 370 C 8%, Bees wax 62‑640 C 10%, Soft Paraffin
370 C 72%. The ratio of base and extract was base 90% and
extract of Gunja seeds 10%. Soon after cooling the ointment
was stored in air tight container. Results: Physicochemical
results of Gunja seeds showed foreign matter 1%, Total
ash 2.75%w/w, Acid insoluble ash 0.37%w/w, Water
soluble ash 0.74%w/w, Alcohol soluble extracts 12.8%,
Water soluble extracts 19.6%, pH 6.15. HPTLC Analysis of
ethanolic extract of Gunja showed 5 bands at 245nm with
Rf values viz. 0.06, 0.19, 0.24, 0.29, 0.44. And showed
7 bands at 366nm with Rf values viz. 0.03, 0.07, 0.35,
0.42, 0.48, 0.56, 0.67. The analytical results of the Gunja
Ointment is pH 5.9 2, Spread ability 86.8 Sec/G/Cm, MLT
Negative, Viscosity is 5120mPas. Conclusion: Prepared
ointment showed agreeable organoleptic characteristics and
it passes all the analytical tests as conducted for semisolid
dosage forms, along with it showed good stability for the
period of 8 months at room temperature.

UA/OP/42
Treadmill stress test as a measure of Deha bala w.s.r.
to Pandu roga
Ashish Reja1, Pawankumar Godatwar1, Vinod Chandra Singh1,
Sevatkar Balkrishan1, Sisir Kumar Mandal2
Department of Roga nidana evam Vikriti vijnana, N.I.A. Jaipur,
Rajasthan, 2Durga Ayurveda College, Raipur, Rajasthan, India
Email: dr.ashishreja@gmail.com
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Background: Deha‑bala implies physical capability
of an individual. The characteristics of deha‑bala are
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Utsahalakshana when one can perform work in unfavorable
conditions also and Upachayalakshana can be understood
by body built up, stability and compactness of the body.
Objective: The Present study was done to evaluate Treadmill
Stress Test as a measure of Deha‑bala in Pandu roga.
Materials and Methods: 60 subjects of Pandu roga were
recruited for the study after written informed consent and
randomly divided in two groups. Balya churna was given
to group A and Nisha loha vati was given to group B.
Deha‑bala was measured with help of Treadmill Stress Test
which was Bruce protocol (Dr. Robert. A. Bruce, 1963).
Results: A significant increase in deha‑bala was found in
group A from (2.10 to 3.30), while in group B it increased
from (2.07 to 3.23). Conclusion: It can be concluded
that Treadmill Stress Test was an efficient objective for
measuring the Deha‑bala status.

UA/OP/43
Evaluation and standardization of Arogyavardhini Vati
Rohini Waghamare, Pratima Tatke
Department of Pharmaceutical Chemistry, C.U. Shah College of
Pharmacy, S.N.D.T. Women’s University, Santacruz, Maharashtra,
India
Email: rohini.chandratre@gmail.com

Background: Arogyavardhini Vati is an ancient well
known Ayurvedic formulation. It is widely used in the
treatment in the skin disorders, fever and problems
related to digestive system. The Vati consists of different
crude drugs such as Kutaki, Haritaki, Bibhtaka, Amalaki,
Eranda, Guggulu, Neemleaves, Shilajatushudhhaand
Neemjuice and the metal and metal preparations such
as purified mercury, purified sulfur, lauhabhasma,
abhrakbhasma, tamrabhasma. However the systematic
evaluation of this formulation is yet not reported
and published which is essential for its world‑wide
acceptance. Objective: To evaluate and standardize
Arogyavardhini Vati as per Ayurvedic Pharmacopoeia
of India. Methodology: Macroscopic and microscopic
evaluation of the Arogyavardhini Vati is carried out by
pharmacopoeial methods. The other parameters such
as, weight variation, size, hardness, disintegration time,
friability, heavy metal analysisare also evaluated and
standardized as per Ayurvedic Pharmacopoeia of India.
HPLC profiles/HPTLC finger prints have been developed.
Results: Microscopic evaluation confirmed the presence
of the crude drugs ingredients. The HPLC profile/HPTLC
finger prints reports the marker compound from the
crude drug in the formula. The other pharmacopoeial
parameters are within the limits standards specified in
Ayurvedic Pharmacopoeia of India. Conclusion: The study
evaluates and compares Arogyavardhini Vati of two
different manufacturers. This study will set the guidelines
for quality control of Arogyavardhini Vati.

UA/OP/44
Comparative in vitro Anthelmintic activity of two
ayurvedic herbal drugs
Kulkarni Aniruddha Shreedhar1, Kulkarni Anuja Aniruddha2,
Khot Vidyarani Sujitkumar3
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Vaidyaraj Datar Panchabhautik Chikitsa and Samshodhan Kendra,
Sangli, 2Department of Hospital and clinical pharmacy, Dr. J. J. Magdum
Pharmacy College, Jaysingpur, 3Department of Pharmacology and
Toxicology, Dr. J. J. Magdum Pharmacy College, Jaysingpur, India
Email: askulkarni2@gmail.com
1

Background: The World Health Organization (WHO) estimates
that infection with round worm, whipworm and hookworms
with associated morbidity, affect approximately 250 million,
46 million and 151 million people, respectively. So, worm
infestation as a public health problem needs immediate
attention. Sadly, very few drugs are used for deworming
specially in children. Objective: The main objective of
the present study was to compare in vitro anthelmintic
activity of two herbal ayurvedic drugs namely Kapila and
Chaturthak yoga, used as vermicides along with Albendazole
as a standard reference. Materials and Methods: The two
Ayurvedic herbal drugs presented in this study are Kapila
and Chaturthaka yoga. The aqueous and methanolic extracts
of these drugs were prepared using maceration, soxhlet
apparatus and thermostatic bath. These extracts were
investigated for anthelmintic activity using earthworms
(Pherentima posthuma). Albendazole was used as a reference
standard at 10 mg/ml. Results: Aqueous and methanolic
extracts of these two drugs at different concentrations
(10, 20 and 40mg/ml) demonstrated dose dependent
vermicidal activities. Aqueous extract of Kapila at 40 mg/ml
caused paralysis and death at 18.83 and 36.5 minutes;
while it’s methanolic extract showed paralysis and death at
21.33 and 46.66 minutes respectively. Aqueous extract of
Chaturthaka yoga at 40 mg/ml caused paralysis and death at
10 and 18.83 minutes; while it’s methanolic extract showed
paralysis and death at 6.16 and 19.33 minutes respectively.
Conclusion: Both the drugs possess potent anthelmintic
activity when compared to Albendazole. Chaturthaka yoga
is the most effective drug.

UA/OP/45
Anti secretary and anti ulcer activity of Yashtimadhu
Ghrita and Pittantak Yog‑ An experimental study
Varsha Mundhra, Jagadeesh G. Mitti, K. Shankar Rao
National Institute of Ayurveda, Jaipur, India
Email: dr.varshamundhra@gmail.com

Background: The science of Ayurveda, directs towards
the different secretions from gastrum and liver as
pitta. Abnormal secretions may leads to acid peptic
disorders (APD) which can be correlated with diseases
viz., Amlapitta, Annadrava shool and Parinaam shool.
These may lead to hematemesis, melena, and perforation
if failed to treat them in time. Objective: To evaluate the
gastric anti secretary and anti ulcer activity of Yastimadhu
Ghrita and to find out the effective formulation among
the two selected formulations. Materials and Methods:
Yashtimadhu ghrita (anubhoot yog) and Pittantak Yog (NIA
pharmacopeia) were taken for the study. Yashtimadhu
ghrita and Pittantak yog were compared experimentally
with Ranitidine (standard drug) for anti‑secretory and
anti‑ulcer activity in albino rats weighing 150‑200 gm.
in four groups (six rats in each). Results: The ulcer index
in Control, Standard, Piitantaka yoga and Yastimadhu
ghrita group was 6.3, 0.85, 0.9 ± 0.2, 1.3 ± 0.28 and
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1.5 ± 0.22. The results were statistically significant by‘t’
test. Conclusion: The results found were significant and
equipotent with each other.

UA/OP/46
Concept of Oja vis‑a‑vis endoplasmic reticular
function: an approach to decode the holistic view
Anagha Ranade, Rabinarayan Acharya
Department of Dravyaguna, IPGT and RA, G.A.U, Jamnagar, India
Email: anagharanade11@gmail.com

Background: In Ayurveda, Oja, being one of the most
distinctive concepts is a factor of prime importance related to
vitality. Ayurveda depicts the definition, types (Para, Apara);
site (Hridaya‑ Heart, sarvashariravyapi – presence in cellular
level), quantity (vindu ‑ in drops), function (bala‑vitality) and
its derangement etiology etc., of Oja.Various researchers
based on their own ideas have given its modern parlance
with immunity and stem cell etc. Objective: To decipher
the fundamental concept of Oja vis‑à‑vis endoplasmic
reticular function. Material and Methods: A critical
analysis of information on Oja from available Ayurvedic
literature and endoplasmic reticular function form modern
Physiology texts. Result: ‘Endoplasmic reticulum (ER)’
is a multifunctional membranous organelle forming a
network in the whole body and is responsible for lipid
biosynthesis, calcium storage and protein folding and
processing. Etiological factors of Ojadushti (dysfunction)
are (Abhighata‑may be environmental stress), (shoka‑mental
stress), (shrama‑physical stress, etc) which share similarity
with stressors that disrupt function of ER ultimately
leading to ER stress causing lifestyle disorders. Achieving
cellular homeostasis is now being emphasized in the
management of various diseases, in conventional medicine.
The cellular homeostasis is dependent largely on proper
folding of proteins where as in proper folding results into
accumulation of misfolded proteins ultimately enhancing
cellular death. Scientific reports on vayathapana herbs
like Amalaki, Punarnava, Guduchi etc., to alleviate ER
stress can be give an evidence to correlate the ER with
Oja. Conclusion: The present hypothesis gives an insight
to decipher a novel concept of Oja and its relation with
Endoplasmic reticulum.

UA/OP/47
Pharmacognostical evaluation of Ipomoea pentaphylla
Linn
Minutee Patel, Rajesh Mer, Preeti Pandiya, Anagha Ranade,
RN Acharya
Department of Dravyguna, IPGT and RA, GAU, Jamnagar, India
E-mail: drrnacharya@gmail.com

Background: In the present era, the genuine identification
of crude drug is posing a problem to the physicians and
pharmaceuticals. Medicinal plants used in Ayurveda
are often found to be adulterated and substituted
which decreases the efficacy of the drugs in practice.
Pharmacognosy is a prime tool of basic authentication of
medicinal plants in order to standardize them. Ipomoea
pentaphylla Linn, a tribal claimed medicinal plant, not

scientifically evaluated and reported till yet, was assessed
for its basic pharmacognostical characters. Objective: To
evaluate pharmacognostical parameters of whole plant of
I. pentaphylla. Material and Methods: The fresh plant was
collected, identified, authenticated and assessed for its
macroscopy followed by microscopy of leaf, petiole and
seeds. The powder microscopy, histo‑chemical study and
stomatal index were also studied following the standard
procedures given in authentic text and the measurements
of specific characters were noted and microphotographs
were recorded. Results: The morphological characters of
I. pentaphylla strongly support the Convolvulaceae family.
The microscopic characters of root, stem, leaf, petiole, and
seed showed presence of cortex, epidermis, parenchymatous
tissue and vascular bundle along with presence of cluster,
rosette and prismatic crystals, trichomes, starch grains, etc.
The seed mainly showed presence of mucilage containing
gland. The stomatal index was 20 (upper surface) and
20 (lower surface). Powder microscopy revealed presence
of simple and compound starch grains, cluster and rosette
crystals of calcium oxalate, oil globules, and paracytic
stomata. Conclusion: The present pharmacognostical
observations may be considered as a standard parameter
for basic identification of I. pentaphylla linn.

UA/OP/48
Clinical Study on the effect of Bringaraj Punarnava
Ghana Vati on Uccharaktachapa with special reference
to essential hypertension
Anupama Mahadeorao Bathe, Ajay Kumar Sharma,
Ajay Kumar Sahu
Department of Kayachikitsa, National Institute of Ayurveda, Jaipur,
Rajasthan, India
Email: dranupamabathe@gmail.com

Background: Hypertension is asymptomatic in nature but
produces dreadful effects on the body. So it is called
as silent or hidden killer. Due to its high prevalence
Indian Council of Medical Research (ICMR) and All India
Institute of Medical Sciences (AIIMS) have declared
India as a “Nation of Hypertension”. Whole world is
looking for the Ayurvedic management of the same.
Objective: To study the efficacy of Bhringaraj Punarnava
Ghanvati in Uccharaktachapa (Essential‑hypertension).
Material and Method: 15 patients were selected randomly
from Arogyashala OPD and IPD, of our institute, which were
well diagnosed of Uccharaktachapa/Essential Hypertension
I and II grade as per 7th JNC and WHO criteria for Diagnosis
Hypertension and symptoms described in Ayurvedic classical
text. Bringraj‑Punarnava ghana vati was given in dose of
2 tab. (each 500 mg.) three times in a day with lukewarm
water for 45 days and IPD subjects were assessed routinely
while OPD in 7 days follow up. Results: Bringraj‑Punarnava
ghana vati showed highly significant result in both the
systolic and diastolic blood pressure and significant
improvement in subjective parameters shirashool, bhrama,
klama, hritspandan and anidra. Conclusion: Therapy in the
form of administration of Bhringraj Punarnava ghan vati is
safe and effective in the management of Uccharaktachapa
(Essential Hypertension).
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UA/OP/49

the aid of modern tools gives exact idea about the pathology
involved and thus helps in effective management.

Can In Silico Study Shift The Paradigms In Ayurveda
Drug Research Leading To Prakruti Based Medication?
Harshad Satish Rasane, Ravindra P. Bhurke

UA/OP/51

Department of Kriya Sharir, R.A. Podar Medical College (Ayu.),
Worli, Mumbai, Maharashtra, India
Email: drrasane@gmail.com

Ayurveda advices the use of various medicinal herbs in
treatment as well as in day to day activity. This conceptual
application directly or indirectly tries to maintain the body’s
equilibrium. The proper knowledge of such equilibrium
is best available under the concept of Prakruti. The
genetic and the genomic study can be correlated with the
concept of Prakruti. The boom in the field of genome
has led to existence of huge magnitude of data which is
better maintained, utilized and applied with the help of
bioinformatics. The in‑depth knowledge of Prakruti and
in silico study with simultaneous aid of bioinformatics can
be beneficial and lead to development of Prakruti based
medicine.
UA/OP/50
Validation of Retopareeksha vis‑à‑vis semen analysis
Sukumar Nandigoudar, Anju Sharma1
Department of Kayachikitsa, KLEU’s Shri BMK Ayurved Mahavidyalaya,
PG Studies and Research Centre, Belgaum, Karnataka, 1Department of
Svasthavritta, National Institute of Ayurveda, Jaipur, Rajasthan, India
E-mail: dr.annu1802@gmail.com

Background: Śukra is considered as supreme dhatu
and its dushti leads to male infertility and sexual
dysfunction. Retopareeksha is a source to understand
various Śukra dushti. Semen analysis is one of the important
diagnostic tools in the management of male infertility.
Objectives: To understand and validate retopareeksha as
a standard Ayurvedic diagnostic tools in male infertility.
Materials and Methods: Charaka and sushruta samhita
are the literary resource to assess Shudha śukra (healthy)
and śukra dushti (morbid semen). The qualities of shudha
and dushta śukra will be understood and assessed with
the help of modern seminal parameters. To assess the
parameters of Retopareeksha modern instruments like
phase contrast microscope, Rohem’s sperm counting
chamber, pH measuring strips, calibrated pipette etc., are
used and eosin stains to examine the viability of sperms.
Results: Abnormal physical characteristics of the semen
can be understood by the doshic involvement. Phenila,
Tanu, Ruksa represents vataja śukradushti; Vivarna (neela/
peeta/ashveta) indicate pittaja śukradushti; Atyarta picchila
denotes Kapha dosha; Putipuya indicate pittakapha
involvement and anyadhatu samsrishti is due to shonitadi
dhatu. Conclusion: Retopareeksha focus on panchendriya
pareeksha to assess physical characters and morbid dosha of
semen. Phalavattata, a main character may be attributed to
viability, motility, count and normal morphology of sperms.
The sperm endowed with normalcy of all these is able to
fertilize the ovum that is, Garbhakara. Retopareeksha with
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An Ayurvedic approach in the management of
neurocysticercosis: A case study
Suraj Rathod, Amit Nakanekar, Sunanda Bhopale,
Ajit Devikar, J. D. Gulhane
Government Ayurved College, Nagpur, Maharashtra, India
E‑mail: suraj_rathod78@yahoo.com

Background: Neurocysticercosis is infection of the brain
by the larval form of the pork tapeworm taenia solium.
Neurocysticercosis is form of cysticercosis and is the most
common infection of central nervous system. In 80% cases
symptoms are seizures, headache, visual disturbance, nausea,
abdominal cramps and diarrhea. Among the rare incidences
some abnormal symptoms occur such as dysarthria,
extraocular movement palsy, hemiplegia, movement
disorders, and gait disturbances. Objective: To see the effect
of Krimi treatment in a case of neurocysticercosis. Materials
and Methods: A 49‑year‑old male patient came to out‑patient
department of our institute with complaints of weakness in
left side of upper and lower limb, slurred speech, difficulty
in walking since 10 days and having H/O seizures 30 years
ago. Patient was diagnosed as a case of neurocysticercosis
through computed tomography (CT) brain, cerebrospinal
fluid, and other hematological investigations. Patient was
admitted and treated with Ayurvedic principle of krimi
management. Results: Patient showed complete recovery in
clinical assessments in terms of speech, gait weakness and
CT scan. Conclusion: Ayurvedic krimi treatment is effective
in the management of neurocysticercosis. However, larger
studies are required.

UA/OP/52
A novel dosage form for enhancement of bioavailability
of herbal topical formulations
Sonali R. Mali, Jyotsna M. Taklikar, Rupali A. Mali1
Department of Rasashastra and Bhaishajya Kalpana,
Loknete Rajarambapu Patil Ayurvedic Medical College,
Post Graduation and Research Center, Islampur, 1Department of
Pharmaceutical Chemistry, Pravara Rural College of Pharmacy,
Pravaranagar, Maharashtra, India
E‑mail: dr.sonalimali@gmail.com.

Ayurveda is a life science, which explains about the
different dosage forms. Topical delivery systems for drugs
make localized administration of the drug anywhere in the
body through ophthalmic, vaginal, skin and rectal routes.
Herbal medicine has become an item of global importance
both medicinal and economical. Although the usage of
these herbal medicines has increased, their quality, safety
and efficiency are serious concerns in industrialized and
developing countries. Hence, turning to safe, effective and
time tested Ayurvedic herbal drug formulation would be a
preferable option for the better patient acceptance. Recently,
pharmaceutical scientists have shifted their focus to
designing a drug delivery system for herbal medicines using
a scientific approach. For a long‑time herbal medicines were
not considered for development as novel formulations owing
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to lack of scientific justification and processing difficulties in
complex polyherbal systems. Novel drug delivery system in
the field of medicine had taken a popular attention as it makes
the intake, bioavaibility and overall therapeutics of drug easier
and in a short period of time. An added complication is that
both the traditional and modern methods of preparation of
herbs are sometimes selected on the basis of technologically
feasible, convenient, or affordable, rather than might be
ideal from the consideration of traditional practices or
clinical efficacy. Considering these facts that review is an
attempt to present a concise profile of different traditional
topical herbal formulations includes lepa, malahara, upanaha,
creams, ointments, pastes and novel topical formulations like
oragnogel, emulgel, ampiphilic gel and transdermal patch.

UA/OP/53
Epidemiological survey of Pranvaha srotodusti w.s.r.
to Vayudusti (air pollution)
Vidya Kumari Meena, Birendra Kumar1,
Surendra Kumar Sharma, Piyush S. Mehta
Department of Roga and Vikriti Vijnana, National Institute
of Ayurveda, Jaipur, Rajasthan.
E‑mail: drmeenavidya@gmail.com
Background: In the present era, due to modern civilization,
urbanization, and industrialization anthropogenic sources are
becoming most responsible for the air pollution. Transport,
power plants, oil refining, burning crop waste, fumes from
paints varnish, aerosol sprays, nuclear weapons, toxic
gases, etc., are main anthropogenic sources responsible for
air pollution. Objective: This study was done to find out the
prevalence of pranvaha sroto dusti in general population of
Jaipur. Materials and Methods: For epidemiological study,
total 500 subjects were surveyed from 5 different places of
Jaipur by camping. Total five groups were made (100 subjects
per group). They were assessed on the basis of subjective
parameters lakshans of pranvaha sroto dusti (swasa,
kasa, hikka and pratishyay) and also on the basis of peak
expiratory flow rate recorded by peak flow meter as objective
parameters. Results: This study showed that prevalence
of pranvaha sroto dusti was more in overweight persons,
short stature persons and smokers. Swas and kasa are the
main symptoms, which persists for long‑time in those who
were exposed for a longer period in that particular polluted
atmosphere. Conclusions: Based on this study, it may be
concluded that pranvaha srotasa is directly connected with
the ambient air (pran vayu) so as the air becomes polluted,
the pranvaha srotasa also becomes vitiate and different kinds
of diseases begin to start in that particular srota.

UA/OP/54
Physicochemical study of different methods of
Gandhaka Shodhana and evaluation of its antimicrobial
property
Shraddha R. Waghmare, Shymal Nirmal
Department of Rasashastra, Ashwi Rural Ayurved College,
Ahmednagar, Maharashtra, India
E‑mail: shraddhawaghmare1989@gmail.com

Background: Gandhak is one of the uprasa mentioned
in rasashasatra. It has been given prime importance in
rasashasatra, because of its rasayana properties. It is also
mentioned in Ayurvedic texts that gandhaka is krumighna.
This property is considered the main section of the desired
study. Micro‑organisms selected for the study will be
accessed by the antimicrobial property of three purified
gandhaka samples obtained after three different types of
shodhana vidhis. Objectives: Physicochemical study of
different methods of gandhaka shodhana and to evaluate
the evaluation its antimicrobial property. To carry out the
shodhana of gandhaka by different methods, to carry out
the physicochemical analysis of samples prepared and to
find out the antimicrobial property of prepared samples.
Materials and Methods: Material which was required for
the shodhana method was procured from local market. For
analytical study and antimicrobial study, material available
in the laboratory was used. Gandhaka purification was
done by Goghrit and Godugdha, Bhrungraj swarasa and Til
Tail. Physicochemical analysis was done before and after
purification of Gandhaka. Antimicrobial study was done
by well diffusion assay. Results: There was a remarkable
difference observed in antimicrobial activity of raw and
shodhita samples of Gandhaka by different methods.
Conclusion: This study concluded that there was the
difference observed between raw and shodhita samples.

UA/OP/55
The technical development of Bahyaswedana (external
sudation) Karma w.s.r Sthanika (Kati, Greeva, Prusta,
Janu and Hrud) Basti
Umesh S. Holennavar, B. S. Prasad, R. V. Sanapeti
Department of Panchakarma, KLEU’s Shri BMK Ayurved
Mahavidyalaya, Belgaum, Karnataka, India
E‑mail: Umesh.holennavar@gmail.com

Background: Ayurveda is an indigenous system of medicine
practicing in Indian sub‑continent since ages. It has a
special mode and modalities of drug administration called as
Panchakarma and some modified pre Panchakarma procedure
Bahyaswedana like sthanika basti‑Kati basti and Jaanubasti.
These procedures are costly and required huge amount of oil
to perform and also time consumption hence modification
of these technique with modern technique hence present
concept has been put forth. Objective: Implementation of
new technology in external sudation therapy with view of
giving good effect of therapy. Materials and Methods: The
Shanikabasti has main procedural component of constant
maintenance of temperature this can be performed by
adopting near‑infrared (NIR) light along with oil. Moreover,
NIR light has a special property of analgesic thus modified
procedure can become worth and cost‑effective procure.
Results: The NIR light has analgesic, wound healing, and
tissue reforming capacity. The NIR disassociates nitric oxide
leads to restoration of adenosine triphosphate production, a
reduction of oxidative stress and subsequently reduction in
inflammation. This can enhance the effect of Sthanikabasti by
performing with oil. This procedure may have few limitations
like selective hypersensitivity to NIR light. Conclusion:
Adaptation of modern technique in Ayurvedic science is a
need of the hour in Ayurveda. Present procedure is one such
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innovative thought, and this can surely cost‑effective and
much more effective than normal Sthanikabasti technique.

UA/OP/56
The ocular hypotensive effect of Gokshuradi guggul
in primary open angle glaucoma: A Pilot Study
A. Patil Ashwini
Department of Shalakyatantra, Dr. D Y Patil College of Ayurved
and Research Institute, Nerul Navi Mumbai, Maharashtra, India
E‑mail: drashwinipatil14@gmail.com

Background: Glaucoma is a group of eye diseases that
damages the optic nerve, which carries information from
the eye to the brain. Glaucoma is estimated to affect 60.5
million persons worldwide by the year 2010. The estimated
prevalence of glaucoma for India is 11.9 million. Glaucoma
damage vision so gradually that nobody notice it until the
disease is at an advanced stage. Either accidentally or
in the advanced stage, glaucoma is diagnosed. This can
permanently damage vision in the affected eye (s) and leads
to blindness if left untreated. It is normally associated with
increased intraocular pressure (IOP). Primary open‑angle
glaucoma (POAG) is one of the most common causes of
irreversible blindness. The progressive nature of glaucoma and
its growing incidence makes its therapy an important target
for research. Herein, we evaluate the effect of Gokshuradi
guggul on IOP in eyes with POAG. Objectives: To evaluate
the ocular hypotensive effect of Gokshuradi guggul in
POAG. Materials and Methods: Patients in Shalakyatantra
out‑patient department and in‑patient department were
recruited in this study after proper consent. Subjects in
this study were treated with Gokshuradi guggul 250 mg 2
bd – 4 weeks. Followed by 2 hs for 8 weeks. Twenty‑four
eyes of clinically stable POAG patients were enrolled in this
pilot study. Results: IOP was significantly reduced after
3 weeks of treatment. Conclusions: Gokshuradi guggul
seems to exert an ocular hypotensive effect in POAG. This
effect became evident after 3 weeks of therapy.

UA/OP/57
Clinical efficacy of Anjana Varti and Vidalaka in
Kaphaja abhishyanda w.s.r. to allergic conjunctivitis
Kirti Kumar Akhand, Babban Prasad, Pankaj Kundal
Department of Shalakya Tantra, National Institute of Ayurveda,
Jaipur, Rajasthan, India
E‑mail: kirti.akhand12@gmail.com

Background: Kaphaja Abhishyanda where itching and
grittiness of the eye, foreign body sensation of eyes,
watering, congestion, eye lid oedema, scanty and ropy
discharge from eyes, heaviness of eyes, etc. It is quite
similar to allergic conjunctivitis is a common ocular ailment
of childhood and adolescent age group as described in the
modern ophthalmology text. Seasonal allergic conjunctivitis
and perennial allergic conjunctivitis accounts for 66–90% of
all cases of allergic eye diseases. Objective: To assess the
efficacy of Anjana varti and Vidalak in the management of
Kaphaja Abhisyanda w.s.r. Allergic conjunctivitis. Materials
and Methods: A total of 45 patients (age of 15–70 years)
were selected randomly 15 in each Group A, B and C. The
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selection of patients was done from out‑patient department/
in‑patient department of Shalakya Tantra and Shreedhareeyam
eye unit, N.I.A. Jaipur. Group A, patients were administered
Anjana Varti/Aschyotana for 15 days. Group B, patients
were administered Anjana Varti/Aschyotana and Vidalaka for
15 days. Group C, patients were administered rose water
for 15 days. Results: Group A showed statistically highly
significant improvement (P < 0.001) in I, Lacrimation, Burning
sensation, heaviness of eye, oedema of eye lids and conjuctival
congestion. Group B showed statistically highly significant
improvement (P < 0.001) in I, lacrimation, heaviness of eye,
edema of eyelids and the conjuctival congestion, whereas
Group C showed statistically insignificant improvement in
these symptoms. Conclusion: It was concluded that Anjana
Varti/Aschyotana and Vidalaka were very effective in Kaphaja
Abhishyanda w.s.r. allergic conjunctivitis, while Group C
showed no significant response.

UA/OP/58
Standardization of Khadir chhal churna and its
conversion in modern tooth paste formulation and
evaluation of its antimicrobial activity
Abhimanyu V. Patankar, Amit C. Firke, Sheela Pargunde,
Leena Nandeshwar, V. V. Gurale1, S. R. Kulkarni1
Department of Rasa Shastra and Baishajya Kalpana,
YMT Ayurvedic Medical College, Kharghar, Navi Mumbai,
1
Department of Pharmacognosy and Phytochemistry, Bombay College of
Pharmacy, Kalina, Santacruz, Mumbai, Maharashtra, India.
E‑mail: patankarabhimanyu63@gmail.com

Introduction: Dant rog, mukhrog samprapti and chikitsa
have been described in Laghutrayi and Brihatrayi. The
formulations used for the chikitsa are mainly churna
for gharshana and kwath for kawal. Churnakalpana is
a super fine pounded dry herb, which is again sieved
through cloth and Pratisaran Churna is to be rubbed over
teeth in oral cavity. Objective: In the current study, this
is sincere effort to make the toothpaste formulation of
Khadir (acacia catechu) chhal churna. As the herb Khadir
has been advised to use in many of the mukha‑rogas,
here we evaluate the krumighna guna of khadir by in vitro
anti‑microbial activity against Streptococcus mutans.
Materials and Methods: Paste was prepared by using the heat
to soften the base prior to incorporating the solids, which
have been comminuted. The paste was subjected for in vitro
anti‑microbial activity against S. mutans and chlorhexidine
were used as standard (200 µg). Results: Toothpaste shows
zone of inhibition of 2 cm and 2.5 cm at dose of 50 mg and
100 mg respectively. Standard chlorhexidine shows zone of
inhibition 1.5 cm at the dose of (200 µg). Conclusion: Hence,
this study revealed that the modern toothpaste formulation
had good antimicrobial activity.

UA/OP/59
Role of Apamarga Pratisarneeya Kshara in the
management of rectal prolapse: A case study
Aditya Kumar Shil, P. Hemantha Kumar, B. Swapna
Department of Shalya Tantra, National Institute of Ayurveda, Jaipur,
Rajasthan, India
E‑mail: adipbt27@gmail.com
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Background: Kshara karma is the para‑surgical procedure
described in Ayurvedic classics. As the surgery is an ultimate
treatment in rectal prolapse with its own limitations. Kshara
Karma can be recommended as an emerging alternative to
surgery with minimal postprocedure complications. Objective:
To develop a cost‑effective, conducive para‑surgical procedure
in the management of rectal prolapse. Materials and Methods:
This study was conducted on a female patient aged 48 years
who was diagnosed as complete rectal prolapse, admitted
in Shalya Tantra in‑patient department of our institute.
Procedure was performed under local anesthesia. After
reducing the prolapsed rectum the Apamarga Pratisarneeya
Kshara was applied circumferentially on the rectal mucosa by
using a slit proctoscope and applicator. Kshara was applied
for 2 min (100 Matrakala) till the color of rectal mucosa was
changed to Pakwvajambuphalavarna, then the area was
washed with distilled water, followed by Nimbuswarasa. The
process was repeated 4 times to cover whole circumference
of the rectal mucosa. Matravasti with Yashtimadhughrita
was given twice daily for 7 days from first postprocedure
day, followed by with Changerighrita twice daily for 15 days.
Patient was advised pathyaapthyaaahara‑vihara. Results:
Patient had relief from symptoms of rectal prolapse. No rectal
prolapse was complained during follow‑up period. Conclusion:
Kshara karma is a conducive, day care procedure and is very
cost‑effective, which can be performed under local anesthesia
with minimal and trivial postprocedure complications which
are negligible and can be recommended as an emerging
alternative to surgery.

UA/OP/60
Understanding congestive cardiac failure by
pulse – Nadipariksha
Anil Digambar Vaidya
Ayurveda Clinic Marve, Mumbai,
E‑mail: drvaidya46@yahoo.com

Background: Pulse is one of the parameters for heart
working. Using Nadipariksha reduction in pumping of the
heart in congestive cardiac failure (CCF) can be graded from
0 to 15, where 0 indicates 100% pumping. According to
gradation, we can understand the condition of the heart
and thereby improvement in patient health state. Also,
through this method we can differentiate CCF into left
or right ventricular failure. Objectives: To prove relation
between the pulse and reduction in pumping of the heart,
to judge improvement in patient by pulse gradation and to
correlate the pulse gradation with left ventricular ejection
factor (LVEF). Materials and Methods: A total of 151
subjects of heart disease including CCF, other noncuring
heart diseases and from relapse of previous illnesses
like ischemic heart disease were studied on out‑patient
department basis for last 20 years. Improvement in CCF
patients was judged by gradation, which correlates with
disappearing signs symptoms and improvement in health.
Patients with noncuring diseases, e.g., bone fracture,
giddiness, Amavat were diagnosed as CCF by their pulse
and were treated with Ayurvedic medicines along with
treatment of the disease. Results: The diagnosis was done
by pulse gradation and echo‑cardiogram. Improvement after
treatment was observed in health status and as judged by

pulse gradation. LVEF did not show improvement in aortic
regurgitation and weakness. Conclusion: The pulse is
definitely effective in diagnosing CCF. Its gradation is useful
in understanding heart’s power and health improvement.
Pulse gradation can be of clinical significance.

UA/OP/61
Effect of Painmukti MJ tablets, Painmukti cream and
Painmukti‑sandhical tablets in patients suffering from
chronic pain (including arthritis)
Renuka Munshi, Dipti Kumbhar, Supriya Bhalerao,
Jairam Jagasia1, Ashish Parikh1
Departments of Clinical Pharmacology and 1Orthopedics, TNMC and
BYL Nair Ch. Hospital, Mumbai, Maharashtra, India
E‑mail: dipti.wadangekar@gmail.com

Background: Common chronic pain conditions include
headache, low back pain and arthritic pain. Although there
are many analgesics available, their chronic use can lead
to adverse effects on the body. Ayurveda recommends
various preparations for the management of pain. Painmukti
MJ tablets contain herbs like Nirgundhi, Rasna, Shallaki
and Shunthi while Painmukti‑Sandhical tablets contain
Asthishrunkhla, Lakha, Aswagandha, Mukta. Objective: To
evaluate comparative efficacy and safety of Painmukti MJ
tablets, Painmukti‑cream and Painmukti‑sandhical tablets
in patients with chronic pain. Materials and Methods: This
study was initiated after Institutional Ethics Committee
approval. Patients with chronic pain lasting >3 months
were randomized to one of 3 groups and received either
tablet Painmukti MJ + Painmukti cream (Group I), tablet
Painmukti MJ + Painmukti‑sandhical tablets + Painmukti
cream (Group II) and placebo tablets + diclofenac
gel (Group III) for 3 months. Monthly assessments included
pain relief using modified  Western Ontario and McMaster
Universities Arthritis Index (WOMAC), visual analog
scales (VAS), Quality of life using EQ‑five‑dimensions
questionnaire and analgesic requirement. Results: Totally
106 patients were recruited (85 with arthritis) of which
2 patients were withdrawn following adverse events.
Significant improvement in pain score (WOMAC and VAS)
was seen in both Groups I and II at the end of 3 months
of therapy as compared to the baseline (34–21 in Group I;
33–24 in Group II and 36–26 in Group III). Quality of life
improved significantly in Group I with a decreased need
for analgesics. Conclusion: Thus, Painmukti and Sandhical
medications, which contain a combination of herbs with
analgesic and anti‑inflammatory properties, possess qualities
that enhance agni, pacify ama and vitiate vata dosha.
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Evaluation of the anti‑depressant activity of the
aqueous extract of Tinospora cordifolia in two
experimental models of depression using behavioral
and biochemical parameters
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E‑mail: dkkulkarni10@gmail.com
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Background: Depression is referred to as the common
cold of psychiatry, but it makes light impact of an illness
that can steal from a person his ability to conduct and
enjoy a normal life. Current treatment provides some
improvement in clinical condition of patients with burden
of their adverse effects hence need to explore alternatives
from Indian medicinal system that are effective and
safe. Objective: To explore antidepressant potential of
Tinospora cordifolia (TC) by exploring its role on the
neurotransmitters – serotonin, acetylcholine esterase and
monoamine oxidase (MAO) enzymes. Methods: Wistar
rats were evaluated for anti‑depressant activity using tail
suspension test (TST) and forced swimming test (FST)
in separate groups. Fluoxetine: 20 mg/kg/day and test
drug (crude aqueous extract of TC 400 mg/kg/day) was
administered orally for 21 successive days, 1‑h prior
to subjecting the groups to respective behavioral tests.
Blood serotonin was analyzed on weekly intervals. On day
21, animals were sacrificed and the excised brain was
assessed for serotonin, acetyl‑cholinesterase (ACh) activity,
and MAO‑A and MAO‑B levels. Results: A significant
decrease in immobility period (1.835 ± 0.61 and
2.8075 ± 0.39) in both models. Significant increase in
blood (9.552 ± 0.366 and 12.331 ± 0.306) and brain
serotonin (0.866 ± 0.021 and 0.895 ± 0.056) levels,
significant diminution in brain ACh (0.0543 ± 0.003
and 0.0439 ± 0.0113); MAO‑A (23.79 ± 1.06 and
26.61 ± 1.10) and MAO‑B (8.33 ± 1.80 and 8.74 ± 0.89)
levels was observed in TST and FST group, demonstrating
anti‑depressant activity. Conclusion: TC modulated altered
neurotransmitter and enzyme levels towards normal
demonstrating anti‑depressant effect.

UA/OP/63
Pharmacological evaluation of anti‑inflammatory
and analgesic activity of Blepharispermum
subsessile  DC root on albino rats
Amruta Jadhav, R. N. Acharya1, Mukesh Nariya2
Department of Dravyaguna, DY Patil School of Ayurveda, Nerul,
Navi Mumbai, Maharashtra, India, 1Department of Dravyaguna,
I.P.G.T. and R.A., Gujarat Ayurved University, 2Pharmacology lab,
I.P.G.T. and R.A., Gujarat Ayurved University, Jamnagar, Gujarat, India
E‑mail: dramruta113@gmail.com

Background: In Ayurveda the root of Rasna is a most frequently
used herbal drug for the management of vaticdisorders (pain
and inflammation). The root Blepharispermum subsessile
DC (Asteraceae), known as Rasna by the traditional
practitioner of Odisha and Chhattisgarh region of India, is
marketed with a highest price as Rasna in this region. Until
now, the drug is not evaluated for its therapeutic claim in a
scientific way. Objective: To evaluate the anti‑inflammatory
and analgesic effect of root of B. subsessile. Materials
and Methods: The decoction of B. subsessile root (4.5 ml/
kg), was evaluated on Wister strain albino rats, for its
anti‑inflammatory (carrageenan and formalin‑induced paw
edema) and Analgesic activity (tail flick and formalin‑induced
paw licking method). Results: Decoction of B. subsessile
inhibited both the phases of carrageenan‑induced
inflammatory responses significantly compared to the control
group. However, in formalin‑induced paw edema model the
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drug showed moderate anti‑inflammatory response. In the
formalin‑induced paw licking both test drugs enhanced
the latency of onset of paw licking as well as decrease in
number of formalin‑induced paw licking. Though the result
found is not statistically significant but the percentage wise
decrease in number of paw licking is suggestive that the test
drugs have mild inhibitory activity against formalin‑induced
inflammatory pain while the drug is having minimal effect
against radiant heat‑induced pain in rats compared to
control group. Conclusion: DC B. subsessile root possesses
significant anti‑inflammatory and mild analgesic activity
while tested on Wister strain albino rats.

UA/OP/64
Effect of Ashwagandharishta on learning and memory
in experimental models of scopolamine induced
amnesia
S. Shirolkar, S. B. Raut, Rao Rajendra Prasad, P. A. Marathe,
N. Rege Nirmala
Department of Pharmacology and Therapeutics, Seth GS
Medical College and KEM Hospital, Mumbai, Maharashtra, India
E‑mail: rajendra.rajen74@gmail.com

Background: Ashwagandharishta (ASH), a polyherbal
formulation is recommended in Ayurveda for loss of memory,
weight loss, fainting, headache, psychosis, senile debility.
Effects of ASH on memory have not been studied before.
Objective: To evaluate the effect of ASH on learning and
memory using scopolamine‑induced memory impairment in
animals. Materials and Methods: Following Animal Ethics
Committee permission, 18 Wistar rats and 18 Swiss albino
mice were used in two behavioral paradigms; Morris water
maze (MWM) and elevated plus maze (EPM) respectively.
Each experimental model had three groups of 6 animals each
such as distilled water control, rivastigmine (2.4 mg/kg/day)
as positive control and ASH (0.13 ml/kg to mice and
4.9 ml/kg to rats). All drugs were administered orally for
15 days. Scopolamine was given to all animals in the
dose of 3 mg/kg I.P. to induce amnesia 90 min after the
last dose on 15th day. Training was started 45 min after
scopolamine administration in MWM for rats and EPM for
mice. Twenty‑four hours later, memory of the animals
was assessed using escape latency (MWM) and transfer
latency (EPM). Data was analyzed using ANOVA with
Tukey’s post‑hoc test (P < 0.05). Results: ASH showed
statistically significant results as compared to vehicle
control and comparable findings to rivastigmine in both the
experiments (P < 0.05). Conclusion: Administration of ASH
for 15 consecutive days significantly improved memory and
learning of experimental animals. ASH may be considered
as a promising agent for enhancing learning and memory.
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Effect of systemic Ayurvedic medicines in management
of branch retinal vein occlusion with chronic macular
edema: A case study
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Background: Branch retinal vein occlusion (BRVO) is retinal
vascular disease. Arteriosclerosis and hypertension are its
predisposing factors. It presents as sudden onset of painless
unilateral visual field defect, metamorphopsia. It complicates
into chronic macular edema (CME) leading to poor visual acuity.
Though pan‑retinal photocoagulation (PRP) is the treatment
for CME, it is not much beneficial in chronic cases. There is a
need for Ayurvedic solutions in chronic cases such as BRVO
and CME. Objectives: To explore pathogenesis in Ayurvedic
terms and to find out Ayurvedic treatment for this condition.
Methodology: A 59‑year‑old male patient (known hypertensive)
came to out‑patient department for diminished vision of right
eye (6/60 and 6/60 with glasses), central scotoma, abnormal
color vision and metamorphopsia. He had a sudden onset
of these symptoms 17 months back. He was previously
diagnosed as BRVO and CME and treated with topical steroids
followed by intra‑ocular Avastin injection twice. PRP was
also done. Patient then approached for Ayurvedic treatment.
After drawing suitable Ayurvedic pathogenesis (samprapti)
by ashtavidha parikshan, following treatment was given:
Oral pittashaman chikitsa and anuloman dravya and local
bidalak (application of herbal paste over eyelid) for 3 months.
Results: The distortion of images (metamorphopsia) was
significantly reduced as recorded by Amsler grid. Before
treatment visual acuity of affected (right) eye was 6/60 and
6/60 with glasses. After treatment visual acuity of affected eye
was 6/18 and 6/9 with glasses. There was an improvement in
near vision and color vision. Conclusion: Systematic Ayurvedic
treatment is effective in BRVO with CME.

UA/OP/66
Clinical study of psoriasis research
Vikram Pandit
Aparna Clinic, Solapur, Maharashtra, India
E‑mail: researchvikram@yahoo.co.in

Background: Psoriasis is a noncontiguous inflammatory
skin diseases characterized by recurring reddish patches
covered with silvery scales. Symptoms and signs of
psoriasis resembles with kitibh kushtha as mentioned
in Ayurveda. 8% of the world’s population is suffering
from psoriasis. The changes occurring in the skin due to
psoriasis can be reverted by treatment with Ayurvedic
medicinal plants. Objectives: To evaluate the effect of
Ayurvedic drug regimen in the management of psoriasis.
Materials and Methods: A total of 25 patients of psoriasis
were selected for the study and individual consent was
taken. Ayurvedic drug regimen consisting of Tinospora
cardiofolia 500 mg bd, Withania somnifera 500 mg hs,
Azadirakta indica, Neem leaves Churna 100 mg daily after
lunch, external application of Neem soap to reduce itching,
Shatadhauta Ghrita and Aloe vera for local application,
Aloe vera preparation like kumari asava (200 ml before
meal) if the liver function was abnormal was advised to
the patients. The patients were also asked to listen to
music especially kedar raga in the evening (6 p.m.–8 p.m.).
10 patients having low Vitamin B12 levels were advised to
take 500 ml cow milk daily against treatment for Vitamin
B12 deficiency and calcium deficiency. Pathya apathya
was prescribed as per Charak Samhita. Hematological
investigations viz. Serum IgE, serum IgM, serum IgA and
routine biochemicals were done before and after treatment.
Results: Ayurvedic drug regimen gave promising result in
improving psoriasis. Vitamin B12 deficiency in psoriasis
was resolved by Cow’s milk. Improvement in ejection
fraction values was observed. Also, punch biopsy was
done to observe histopathological changes. There was
hematological and histopathological reversion. Conclusion:
Psoriasis can be treated with our Indian medicinal
plants Ayurveda siddhanta and hematological reversion.
Histo‑pathological reversion is the final answer for this
autoimmune disease.
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EDITORIAL

Reanimate Usage of Quality Bhasmas

Rasa Shastra’ the science dealing with Metals, Minerals, Alloys and Gem stones as medicinal forms
and is an important component of therapy in Ayurveda. The literary meaning of ‘Bhasma’ is an ash. Ancient
texts dating back to the 5th century BC have recorded this concept in a most scientific manner. Modern
medicinal preparations too use various organo-metallic/mineral salts of Fe++, Mn++, Ca++, Cu+++, Zn++
Na++ which are required by the human body. Our ancient science knew about the importance of such
supplementation. Metals/Minerals were incinerated and triturated with organic herbs yielding powders or
bhasmas of different colors and shades.
Elaborate processes are also described in the texts for them to be completely bio-available (‘Mritani
lohani Rasibhavanti’). Chemical and physical testing for checking the irreversibility of the organo-metallomineral complexes back to partial metallic states, studying toxic effects, drawbacks in preparation and
methods to rectify them are carefully recorded. For centuries, knowledgeable and skilled Ayurvedic
physicians administered therapeutically effective bhasmas in small doses free of toxic effects. Unfortunately
during the present century self-proclaimed Ayurvedic physicians, ignorant of the tenets of this ancient science,
have done disservice to Ayurveda with half-backed bhasma preparations.
There is an urgent need to throw out fake practitioners and their and their preparations to distinguish
them from the genuine. Further, just as modern scientists especially in western people are exclusively studying
ligand chemistry and the interrelationship between organic and inorganic chemistry, it would be pertinent if
Indian scientists delve into the ancient science of ‘Rasa Shastra’ and establish the validity of this empirical
science in today’s scientific terms and probably improve and reanimate the usage of good quality bhasmas.

Prof. K. Shankar Rao
Director

3

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com

Journal of Ayurveda

Vol.IX No.1 Jan-Mar 2015

Clinical Study
Study on the role of Triphala Madhu Sarpi in Computer vision
Syndrome - A lifestyle disease.
*Dr.Amitabha Mapdar, **Dr.Kashinath Samagandi, ***Dr.Kamalesh Kumar Sharma
AbstractIt is a single group clinical study conducted on patients of a newly burning issue related to modus
vivendi “Computer vision syndrome”. Being a disease of modern era, we won’t get the direct reference and
nearest resembling disease in Ayurveda excellence. But speculations are made on the basis of Dosha Dushya
Sammurchana and Lakshana. Present study was planned with an aim and objectives, to compile and
commemorate the references of computer vision syndrome and its related diseases in Ayurveda excellence,
postulate the Samprapti Ghataka (Patho -physiology) of computer vision syndrome according to Ayuveda,
hypothetically and rule out the effect of Triphala Madhu Sarpi in reliving the sign and symptoms of computer
vision syndrome. Materials and methods of the study were planned on 50 samples who were the victim of
CVS. It is a single group study administered with Triphala Madhu Sarpi in a dose of 3gm of Triphala powder
along 5ml of Madhu & 5ml of Ghrita (Made from Dadhi of pure cow's milk) at night before meal. Effect of
intervention is assessed once in 15 days interval. Result & Discussion of the study revealed that Triphala
Madhu Sarpi has good result in relieving the subjective criteria’s viz., eye strain, fatigue eye, burning eye,
itching eye, headache, neck, shoulder and back pain and difficulty in focusing and objective criteria’s like
dry eye (by schirmer test), double vision and red eye after 2 month,
Key words: Computer vision syndrome, Ghrita, Modus Vivendi, Triphala Madhu Sarpi
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ß‚ √ÿÊÁœ ∑§Ë √ÿÊÅÿÊ ÃÕÊ ßŸ ⁄ÙÁªÿÙ¥ ◊¥ ÁG»§‹Ê, ◊œÈ, ‚Á¬¸ ∑§Ê ¬˝÷Êﬂ ºπŸÊ ÕÊ–
ÿ„ ≥ÊÙœ ∑§Êÿ¸ ∞∑§ „Ë ‚◊Í„ ∑§ ⁄ÙÁªÿÙ¥ ¬⁄ Á∑§ÿÊ ªÿÊ „Ò Á¡‚◊¥ ‚÷Ë ⁄ÙÁªÿÙ¥ ∑§Ê ‹ÊˇÊÁáÊ∑§ •Ê¢∑§‹Ÿ ∑§⁄Ÿ ∑§
¬‡øÊÃ˜ ©„¥ ≥ÊÊùËÿ ÿÙª ÁG»§‹Ê ◊œÈ ‚Á¬¸ ∑§Ê ‚ﬂŸ 2 ◊Ê„ ∑§ Á‹ÿ ∑§⁄ÊÿÊ ªÿÊ ∞ﬂ¢ ⁄ÙÁªÿÙ¥ ◊¥ ‹ÊˇÊÁáÊ∑§ ‚ÈœÊ⁄ ºπ ªÿ–
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Clinical Study
Study on the role of Triphala Madhu Sarpi in Computer vision
Syndrome - A lifestyle disease.
Dr. Amitabha Mapdar, Dr.Kashinath Samagandi, Dr.Kamalesh Kumar Sharma
Introduction:

2. To postulate the samprapti ghataka (Patho physiology) of computer vision syndrome
according to Ayurveda, hypothetically.

Modus Vivendi is the way a person lives and
it reflects an individual’s attitude and activities.
Ailments which are the outcome of the improper
lifestyle named as lifestyle disorder and also called
as disease of longevity or disease of civilization.

3. To rule out the effect of Triphala Madhu Sarpi in
reliving the sign and symptoms of computer
vision syndrome.

Peoples of present era show the hype in the
utilization the technology to fulfil their needs and to
do much more work very faster. But at the same time
it also gives some adverse effect on our health.
Person who spend more time in front of computer,
suffer from Computer Vision Syndrome (CVS). Study
has been shows that 50 to 90% workers became
victim of CVS at any point of their life.

Materials and Method:
To meet the objectives of present research
work, study was planned under two heading,
1. Conceptual Study:In context of review of literature, modern
disease review has been presented after compilation
and editing the literature available in

The American Optometric Association
defines CVS as that ‘complex of eye and vision
problems related to near work which are
experienced during use of computer.
This is a temporary condition and there is no
evidence, that it cause any permanent damage to
visual apparatus. But eye being prime organ of visual
execution becomes highly exhausted there by it
decreases the “standard of living” or “Quality of life”
by reducing the work efficiency.

-

Various authentic books of medicines

-

Articles published in index journal,

-

Information from various authentic websites.

-

Information from related research works.

2. Clinical Study:A Single group clinical study over 50
samples of CVS was done with the trial drug Triphala
madhu sarpi yoga.

India is being among the other country, use
of computers increasing rapidly day by day, and is
the world third internet user country with over 137
million as on June 2012. 1 There is lacking in
achieving the permanent remedy for CVS in modern
medicine, so there is urgently need to understand
the dynamics of the problem through an Ayurvedic
approach to prevent the CVS from becoming a
epidemic. This is the cause behind the selection of
the topic.

Selection of samples:Patients were selected from IPD/OPD of
National Institute of Ayurveda Hospital for present
study.
Collection of trial drug:Triphala Churna, Madhu & Ghrita are the
ingredients of the trial study which were collected
and prepared from the pharmacy of National
Institute of Ayurveda.

Aims and Objectives:
1 . To compile and commemorate the references of
computer vision syndrome and its related
diseases in Ayurveda excellence.
5
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Table No:I
Inclusion and exclusion criteria:

Inclusion criteria

Exclusion Criteria

Age between 18 yrs to 50 yrs.

Age below 18 yrs and above 50 yrs.

Adult person (irrespective of sex, religion)
who spends more than 3 hours / day in
front of screen (T.V. or Computer).

Any systemic disorder like Hypertension,
Diabetes, Migraine.

Person showing any ocular and extra
ocular sign and symptom of computer
vision syndrome.

Pre existing dry eyes or using lubricant or tear drop.
Patient who undergone eye surgery.
Patients on topical medication for long time
Table No:II

The sign & symptoms of CVS as follows:Red Eyes

Blurred near and distant vision

Difficulty in focusing

Burning Eyes

Double vision

Fatigue

Itching (Eyes)

Squinting (for better vision)

Neck/shoulder pain / back pain

Eyes Strain

Headache
examination of the eyelids, lacrimal glands,
conjunctiva, sclera, cornea, Iris/pupil, lens,
fundus and 3rd, 4th, 6th nerve was done to rule
out any abnormalities.

Nature of Clinical study:It is a single group study. 50 samples were
registered and the entire patient has completed the
trial.

d) Fluorescent sodium ophthalmic test-

The clinical study was divided into three
parts.
1. Diagnosis. 2. Medical intervention.
3. Assessment (pre and post assessment).

e) Examination of tear film- Schirmer I strip test
f)

1. Diagnosis:

g) Investigations- Routine blood examination was
done to rule out any active disease.

In present study some of laboratory
investigation was conducted to exclude other
systemic and local eye pathology. Person who
spends at least 3 hr/day in front of computer were
diagnosed on the basis of clinical signs, symptoms
and laboratory investigation. These all were
recorded in the proforma prepared according to
Ayurveda and modern parameters. The criteria
adopted for the present study are as follows.

2. Drug dose and duration:
Dose: 3 gm. of triphala powder along with 1
tsf (5ml) of madhu & 1 tsf (5ml) of ghrita at night
before meal for 2 month.
Follow up: Follow up at 15 days interval.
Assessment: 1 . Self gradation was given to symptoms of CVS
2. Assessment done on the basis of pre and post
observation found on this scale after completion
of 2 months therapy.

a) Clinical features of computer vision syndrome
b) Functional examination of the eye – Snellen’s
chart.
c) Other

examination

of

eye

–A

Fundoscopy-It was done by direct and indirect
ophthalmoscope after full mydriasis

complete
6
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Table No:III
Computer Vision Syndrome Symptom Gradeing

Red Eye, Burning Eye, Itching Eye, Eye Strain, Blurred Vision, Difficulty In Focasing,
Double Vision, Squinting, Headache, Neck/Shoulder/Back Pain, Fatigue,
Not present

0

After focusing screen 3 hours or more

1

Focusing less than 3 hours

2

Present all time even without focusing the screen.

3

Table No:IV
DRY EYE
25 to 30mm after 5 minutes in schirmer-1 strip.

0

10 to 15mm after 5 minutes in schirmer-1 strip.

1

06 to 10mm after 5 minutes in schirmer-1 strip.

2

02 to 05mm after 5 minutes in schirmer-1 strip

3
Out of 50 samples in clinical study, major 38
samples were using computer for 3-5 hours,
maximum samples i.e. 41 uses computer in a
distance less than 20 inches from eye; maximum 35
samples use computer in improper lighting
condition; 32 samples has no family history of
spectacle use. Majority of samples i.e. 33 were vatapitta prakriti. 42 samples were Rajasika prakriti
followed by 8 samples were Tamasika prakriti. Sara
wise maximum number i.e. 16 samples were Twak
sara, followed by 15 were Mamsa sara.

3. Statistical Analysis:
Observations are analysed statistically in
terms of B.T. and A.T, Standard Deviation, Standard
Error, Paired’ test at the level of p<0.05, p<0.01 and
p<0.001.
Observations and Result:
Out of 50 sampales, the majority of samples
belonged to 18-30 years of age and male, majority
of the samples i.e. 37 were students, among them 24
were post graduate followed by graduate 21.
Table No:V
Signs and
symptoms

Pt.
no

Eye strain

41

1.38

Fatigue eye

40

Burning eye

Effects of Triphal Madhu Sarpi on CVS samples

Mean
BT
AT

Differ

Relief
%

SD
±

SE
±

t

p

0.22

1.16

84.06%

0.79

0.11

10.36

p<0.001

H.S

1.08

0.12

0.96

88.88%

0.72

0.10

9.33

p<0.001

H.S

39

1.32

0.16

1.16

87.88%

0.84

0.11

9.74

p<0.001

H.S

Red eye

31

0.98

0.18

0.8

81.63%

0.80

0.11

07

p<0.001

H.S

Itching eye

28

0.86

0.12

0.74

86.04%

0.82

0.11

6.32

p<0.001

H.S

Headache

24

0.68

0.16

0.52

70.59%

0.61

0.08

5.53

p<0.001

H.S

N/S/Back pain

20

0.6

0.14

0.46

76.67%

0.76

0.10

4.27

p<0.001

H.S

Blurred vision

18

0.56

0.06

0.5

89.28%

0.76

0.10

4.63

p<0.001

H.S

Focusing difficulty

18

0.52

0.14

0.38

73.08%

0.66

0.09

4.03

p<0.001

H.S

Double vision

2

0.06

0.04

0.02

33.33%

0.31

0.04

0.44

p>0.1

N.S

7

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com

Result

Journal of Ayurveda

Vol.IX No.1 Jan-Mar 2015
due to pitta dosha and itching eye is due to kapha
dosha. The symptoms are mainly from either
dristigata or sarvagata netraroga. Vata-pitta doshas
play a key role to produce symptoms like burning
eye and headache. So we can conclude CVS as vatapitta pradhan tridoshaja vyadhi.

Discussion
Discussion on every point from the selection
of the topic to the outcome of clinical trial should
be done to draw a proper conclusion.
Need for study:
India is being among the other country, use
of computers increasing rapidly day by day, and is
the world third internet user country with over 137
million as on June 2012. So there is an urgent need
to understand the dynamics of these problems and
prevent it from assuming epidemic proportions.

Selection of drug:
Acharya caraka 3 emphasize that the kapha
dosha is the main apprehensive subject related to eye
as it is the place of teja. So kapha dosha annihilating
procedure should do in beneficial purpose of eye.
Acharya Vagbhatta4 said that looking at sun
or solar eclipse for long duration, looking at flame
of fire or flash of lightning decrease eye sight. Sample
should advice for santarpana therapy by snigdha
(with ghritaa) and sheetal aahara.

There is no pleasing and permanent relief in
modern medicine yet of this apprehensive epidemic.
Avoidance of use of VDT is the only way to get relief
from this irritable condition, which is impossible in
present technology dependent society. Aiming to
give relief by an Ayurveda approach is the reasons
behind selection of the topic as research work.

Astanga Samgrahakar explains that daily
intake of “Triphala Madhu Sarpi” 5 at night as a
naimittika rasayana helps to prevent the diseases of
eyes and to promote the proper function of visual
apparatus.

Discussion on conceptual study:
The main causative factors behind the disease are2
a) asatmaindriyartha samyoga

CVS is vata-pitta pradhan tridoshaja vyadhi.
Ghrita is vata-pitta nashaka and madhu is kapha-pitta
nashak. Further Acharya Sushruta mentioned madhu
as tridosha shamak. Acharya Sushruta also
mentioned triphala as kapha-pitta nashaka and
beneficial for netra 6 . According to Dhanwantari
Nighantu and Bhavaprakashnighantu, haritaki is
tridoshaghna and has chakshyuhita property.
According to Bhavprakash and Rajnighantu vibhitak
is Cakshusya and has netrahita property.

b) pragyaparadh
c) parinama.
There are three type of asatmyaindriyartha
samyoga i.e. atiyoga, ayoyoga and mithyayoga are
responsible for producing disease. Facing the bright
(glare of) screen for long duration is atiyoga of
cakshuindriya. Work in low or improper lighting
condition and seeing ill-defined object, we can
consider as ayoyoga. Visualizing any object from
very near or far distance, or seeing very small word
is mithyayoga of cakshu indriya.

Discussion on cardinal features:
The therapeutic medicine contains triphala,
madhu and sarpi. According to Ayurveda
fundamental, CVS may consider as tridoshaja
vyadhi.

Pragyaparadh also play a key role behind the
pathogenesis. It is clear that symptoms are much
more associated with duration spend before screen,
wrong screen and sitting position. Doing work
without proper knowledge or continuing work
despite of knowing its ill effect is called as
pragyaparadh.

Amalakai pacifies vata due to the amla rasa,
pitta due to madhura and sheeta and kapha by ruksha
and kashayatwa. Haritaki, due to amla pacifies vata,
due to madhura and tikta rasa pitta and kapha by
ruksha, kashaya. Vibhitaki is kapha-pitta hara and
cakshushya. Madhu is tridoshaghna according to
acarya sushruta and due to sukshma guna, it gives
tarpana to netra through microcirculation. Ghrita is
one of the best beneficial for eye7. It has tridoshaghna
property and it reduces burning sensation and
dryness of eye due to sheeta virya and snigdha guna.

All these lead to dosha vaishamya and hence
produce disease in eye.
Vata, pitta and kapha, tridoshas are involves
in this disease. Ocular symptoms like eye strain,
double vision, squinting for better vision, eye fatigue
and extraocular symptoms like neck, shoulder and
back pain are due to vata doshas. Redness of eye is
8
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Ghrita has samskarasyanuvarnat guna as well as
beneficial for eyes8 and madhu has sukshma guna. So
netrahitakar effect of triphala, mixed with ghrita,
give nourishment to eye through microcirculation
and strengthen the eyes.9 This drug act as rasayana
and give relief from headache, neck, shoulder and
back pain. Ghrita contains vitamin A, D, E and K and
beta carotene. Honey contain almost 18 amino acids,

vitamin B1, B2, B6, C and many minerals although
in very little amount. Amalaki is huge source of
vitamin C.
The symptoms experienced in computer
vision syndrome are caused by three potential
mechanisms: (i) Extra ocular mechanism,
(ii) accommodative mechanism, (iii) ocular surface
mechanism.

Table No:VI
Potential Mechanism

Symptoms

Extra-ocular

Neck pain, Shoulder pain, Back pain, Headache

Ocular-surface

Itching eye, Burning eye, Red eye

Accommodative mechanism related

Blurring of vision, Double vision, Difficulty in focusing,
Squinting for better vision, Eye strain, Fatigue.

Ocular symptoms:

epithelium integrity and reduces eye redness; the
study medicine is good source of vitamin A due to
presence of ghrita. Vitamin A also helpful to
regenerate the conjunctival goblet cell9, affected due
to inflammatory changes, which help to maintain
conjunctival surface moist. Ghrita is helpful to
maintain normal activity of lipid layer, thus prevent
tear evaporation and give relief from symptoms arise
due to dryness. Vitamin C and E is potent eye
antioxidant and supply proper nutrition and oxygen
to intraocular structure. Study has shown that
vitamin C and E therapy improves tear stability as
well as secretion. Study drug is rich source of vitamin
C due to presence of Amalaki and vitamin E due to
ghrita. Vitamin C and E maintain ocular health and
protect from oxidative stress.

Dry eye was defined by the National Eye
Institute as a “disorder of the tear film due to tear
deficiency or excessive evaporation, which causes
damage to the inter-palpebral ocular surface and is
associated with symptoms of discomfort. There are
three layers to the normal tear film which keep the
front surface of the eye comfortably lubricated and
optically clear. The outermost is a lipid (oil) layer,
secreted by the meibomian glands and prevents tears
from evaporating. The innermost layer called mucin,
which binds the tears to the surface of the eye by
making the eye tissue moist. This is secreted directly
from the conjunctival surface of eye by goblet cells.
Evaporation type of dry eye is seen in CVS due to
low blinking rate. Absence of protective tear layer
exposes the surface to external environment and
chronic inflammatory change may occur. This
precipitates burning sensation, itching sensation and
redness of eye. Furthermore the electrostatic charge
in the vicinity of the screen surface computers can
cause the attraction and accumulation of dust and
other airborne particles on the face of the computer
screen. This dust and other particle also cause
irritation into uncovered eye surface and causes
redness, burning and itching sensation of eye.
Irritation in front surface of eye causes vasodilatation
and redness.

Amalaki due to madhur rasa and sheeta
veerya is pitta shamak and daha prashamak, kapha
shamak due to katu vipak, and due to amla rasa is
vata shamak.; vibhitaki is kapha pittaghna and
madhu is also kapha pitta shamak. Triiphala is best
for eye disease.

Study has been shown that vitamin E and C
causes significant improvement in tear stability and
secretion8. Vitamin A helps to maintain conjunctival

Over all study drug gives excellent result in
ocular symptoms of eye, give relief from dry eye,
hence from red and itching eye also.

According to the Ayurveda, itching in eyes
is due to kapha dosha, burning eye is due to vata
pitta and red eye is due to pitta dosha. Ghrita is
madhur rasa, snigdha guna, sheeta veerya and
madhur veepak that’s why it is vata-pittaghna and
very good daha prashamak.

9
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factors.

Accommodative mechanism related:

r Eye strain, fatigue eye, burning sensation of eye
and red eye were the main symptoms, complaint
for majority of patient.

Use of computer requires maintaining fixed
focusing for long periods of time and the eye muscle
become locked in this close range which put cilliary
muscle on strain. This constant fixation on a
computer screen causes difficulty in focusing,
blurred vision, headaches, eye strain, and overall
fatigue eye. The ability of the eye to change its focal
power is called accommodation and varies with age.
An image that is not focused accurately will appear
blurred.

r The disease is not related with refractory error,
but intensity of signs, symptoms increase for
those persons with incorrect or under correct
refractory error.
r Vata-pitta sharirik prakriti person are the main
victim of this disease.
r Rajasika manasik prakriti person are more prone
to the disease.

In addition to a strain on the muscles that
control eye movement and focusing, prolonged
computer use can also cause a tightening of facial
muscles around the cheeks, temples, and nose. This
facial tightening leads to reduced blood circulation,
compounding the effects of eye fatigue.

r Young (18 to 30) educated adults are the main
victims of the disease.
r

Study shows that 1/3 of myopia patient got
significant improvement by long standing calcium
and vitamin D therapy10. Vitamin C, along with
vitamin E and other antioxidant nourish sclera,
cornea as well as intra ocular contents, especially
uveal tract and lens. Proper blood supply, more
oxygen increases muscular power of ciliary body and
lens flexibility. Hence accommodation is maintained
and reduces headache, eye strain, and fatigue,
difficulty in focusing and other symptoms of
accommodation deficit.

Study drug triphala madhu sarpi has shows
statistically highly significant result for more of
the signs symptoms except double vision and
patients got markedly improvement.

r The study drug has tridoshaghna and cakshyusya
property. It contain fair amount of vitamin C, A,
E, B etc popularly known as eye anti-oxidant.
r No adverse effect of the trial drug was observed
during trial period.
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Clinical Study
A clinical study to evaluate the efficacy of Shoshjit Yog in
Malnutrition cases for improvement in the total
serum protein level
*Dr.Ramez Uddin, **Dr. Rakesh Kr.Nagar, ***Prof.Abhimanyu Kumar
Abstract
A double blind placebo control study was carried out to evaluate the efficacy of “Shoshjit Yog”, a
classical formulation mentioned in Astanga Hridaya 1 for the management of Balshosh. The clinical study
was done in 60 patients of malnutrition randomly selected from OPD & IPD of N.I.A. Jaipur. The drug was
administered in the form of granules at a dose of 200mg/kg/day in 2 divided doses with standard diet. The
placebo was also administered in same dose with standard diet for 2 months. After 2 months of treatment
drug group showed significant improvement in Haemoglobin level, highly significant improvement in total
serum protein and no improvement in A:G ratio while placebo group showed moderately improvement in
Hb% and total serum protein and no improvement in A:G ratio, inter group comparison shows highly
significant difference in the improvement of total serum protein level. Thus Shoshjit Yog is a very good
alternative for the improvement of total serum protein level in malnutrition cases along with standard diet
therapy.

‚Ê⁄Ê¢≥Ê—
¬˝SÃÈÃ •äÿÿŸ ◊¥ •CÊX Nºÿ ◊¥ ﬂÁáÊ¸Ã ≥ÊÊùËÿ ÿÙª ≥ÊÙ·Á¡Ã ÿÙª ∑§Ë ’Ê‹≥ÊÙ· ⁄Ùª ◊¥ ¬˝÷Êﬂ (efficacy) ∑§Ê
å‹Á‚’Ù ÁŸÿÁãGÃ •äÿÿáÊ Á∑§ÿÊ ªÿÊ „Ò– ßŸ ÁøÁ∑§Áà‚ÿ •äÿÿŸ ∑§ Á‹∞ 60 ⁄ÙªË ∑§Ê R§◊ ⁄Á„Ã (random) ÃÁ⁄∑§ ‚
⁄ÊC˛Ëÿ •ÊÿÈﬂ¸º ‚¢SÕÊŸ, ¡ÿ¬È⁄ ∑§ ’Á„⁄UX ∞ﬂ¢ •ãÃ⁄X ß∑§Êß¸ ’Ê‹⁄Ùª Áﬂ÷Êª ∑§ ‚ øÿŸ Á∑§ÿÊ ªÿÊ– •ÊÒ·Áœ ÿÙª ÃÕÊ
å‹Á‚’Ù ∑§Ù 200mg/Kg/day ∑§Ë ◊ÊGÊ ‚ Áﬂ÷ÊÁ¡Ã ◊ÊGÊ ◊¥ ¬˝ÊÃ— ∞ﬂ¢ ‚Êÿ¢∑§Ê‹ ª˝ãÿÈ‹ ∑§ L§¬ ◊¥ ‚¢ÃÈÁ‹Ã •Ê„Ê⁄ ∑§ ‚ÊÕ
2 ◊„ËŸÙ¥ ∑§ Á‹∞ ⁄ÙÁªÿÙ¥ ∑§Ù ‚ﬂŸ ∑§ Á‹∞ ÁºÿÊ ªÿÊ– 2 ◊„ËŸ ∑§Ë ÁøÁ∑§à‚Ê ∑§ •ﬂÁœ ¬ÍáÊ¸ „ÙŸ ∑§ ¬‡øÊÃ •ÊÒ·œ ÿÙª
Á¡Ÿ ⁄ÙÁªÿÙ¥ ◊¥ ÁºÿÊ ªÿÊ ©Ÿ∑§ Á„◊ÙÇ‹ÙÁ’Ÿ SÃ⁄ (Hemoglobin level) ◊¥ ©à‚Ê„¡Ÿ∑§ ‚ÈœÊ⁄, total serum protein level
◊¥ •ÁÃ ©à‚Ê„ ¡Ÿ∑§ ‚ÈœÊ⁄ •ÊÒ⁄ A:G •ŸÈ¬ÊÃ ◊¥ ∑§Ùß¸ ‚ÈœÊ⁄ Ÿ„Ë¥ „È•Ê– ¡’Á∑§ Á¡Ÿ ⁄ÙÁªÿÙ¥ ◊¥ å‹Á‚’Ù ÁºÿÊ ªÿÊ ©Ÿ∑§
Á„◊ÙÇ‹ÙÁ’Ÿ SÃ⁄ (Hemoglobin level) •ÊÒ⁄ total serum protein SÃ⁄ ◊¥ ◊äÿ◊ ‚ÈœÊ⁄ „È•Ê •ÊÒ⁄ A:G •ŸÈ¬ÊÃ ◊¥ ∑§Ùß¸
‚ÈœÊ⁄ Ÿ„Ë „È•Ê– ºÙŸÙ ‚◊È„ ∑§Ë •ãÃ⁄ ‚◊È„ ÃÈ‹ŸÊ ∑§⁄Ÿ ¬⁄ total serum protein level ◊¥ •ÁÃ ©à‚Ê„ ¡Ÿ∑§ •ãÃ⁄
¬˝Ê# „È•Ê– •Ã— ∑È§¬Ù·áÊ ◊¥ total serum protein level ◊¥ ‚ÈœÊ⁄ ∑§ Á‹∞ ≥ÊÙ·Á¡Ã ÿÙª ∞∑§ •ë¿UÊ Áﬂ∑§À¬ „Ò–
*P.G.Scholar, Deptt. Of Balroga, National Institute of Ayurveda, Jaipur **Asstt Professor, Deptt. Of Balroga, National
Institute of Ayurveda, Jaipur ***Director, All India Institute of Ayurveda, New Delhi
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Clinical Study
A clinical study to evaluate the efficacy of Shoshjit Yog in
Malnutrition cases for improvement in the total
serum protein level
Dr. Ramez Uddin, Dr. Rakesh Kr. Nagar, Prof. Abhimanyu Kumar
Introduction

Aim and objectives

Malnutrition is a major health problem,
especially in developing countries. Water supply,
sanitation and hygiene, given their direct impact on
infectious disease, especially diarrhoea, are
important for preventing malnutrition. Malnutrition
essentially means “bad nourishment”, i.e. insufficient,
excessive or imbalanced consumption of nutrients.
It concerns not enough as well as too much food, the
wrong types of food, and the body's response to a
wide range of infections that result in mal-absorption
of nutrients or the inability to use nutrients properly
to maintain health. Clinically, malnutrition is
characterized by inadequate or excess intake of
protein, energy, and micronutrients such as
vitamins, and the frequent infections and disorders
that result.1 WHO defines malnutrition as “the cellular
imbalance between supply of nutrients & energy and
the body’s demand for them to ensure growth,
maintenance & specific functions” (WHO1993)

•

To evaluate efficacy of drug in the management
of malnutrition clinically

•

To abolish sign and symptoms of Balshosha4, 5

•

Promote growth and weight gain

•

To reduce secondary
complications

infection

&

other

Materials and Method
Subjects
Source: For the study, Balshosha affected
children were screened out clinically from O.P.D. and
I.P.D. of Balroga department, National Institute of
Ayurveda, Jaipur.
Age Group: Children between 1 to 10 years
were selected for the study.
Number of cases: Overall 67 patients were
registered out of which 60 patients completed the
study and 7 cases discontinued. Group A comprising
of 35 and Group B of 32 children. 5 patients of group
A and 2 patients of group B discontinued.

The latest data shows that 45% of Indian
children are underweight and 70% are anemic. Of the
underweight children 19.8% are wasted and 48%
stunted. Most common age of malnutrition is
between 6 months to 2 years and 6600 under five
children die every day of malnutrition in India.2 With
the main features of weight loss and growth
retardation, PEM produces a wide range of
biochemical rearrangement of various body systems
and functions with resultant vulnerability of child to
secondary infections and mortality. Anthropometry
provides the single most portable, universally
applicable, inexpensive and non-invasive technique
for assessing the size, proportions, and composition
of the human body. It reflects both health and
nutritional status and predicts performance, health,
and survival.3

Grouping of patients:
The cases
registered for the study were randomly divided into
two groups
Group A - In this group trial drug “Shoshjit
Yog” in granule form was administered to the
patients with standard diet.
Group B - This group of patients were given
placebo with standard diet.
Grouping of the cases was done by random
selection. The coded medicine (Study drug /
Placebo) was given as per instructions. The coding
of study drug and placebo was done by another
person not related with study. Coded document was
sealed and kept under safe custody. The envelope
12
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was opened after completing the study to decode it
for interpretation. Observations documented during
study were analyzed and findings were evaluated by
using statistical analysis to establish the efficacy.

l

Congenital anomalies.

l

Endocrine disorders of growth

Trial therapy

l

Appearance of any severe complications during
trial

l

Any other severe acute illness

l

Any parents not willing to continue with the
medicine

C. Discontinuation Criteria

Study drug: The proposed drug, Shoshjit
Yog is modified form of Shoshjit Ghrita, a classical
formulation mentioned in Astanga Hridaya for the
management of Balshosh.1 It contains 8 drugs. The
study drug was modified in the form of Granules in
order to enhance its palatability and easy
administration in children.

D. Side Effect And Adverse Effect Assessment
Criteria
To rule out the possible adverse effects of
studied drug, clinical criteria were adopted. It
incorporated the records of information from the
patient on each and every follow up, related to the
features as nausea, vomiting, pain abdomen, loose
stool, constipation and other non specific symptoms.

Dose and Duration -200mg/kg/ day in two
divided doses for 2 months with milk.
Placebo: The placebo for the study was also
in the form of granules prepared from starch and
coloured like drug.

E. Assessment Criteria

Dose and Duration - 200mg/kg/ day in
two divided doses for 2 months with milk.

Diagnostic Criteria

For assessment of the improvement in total
serum protein efficacy of the trial therapy blood
sample of the patients were collected before
treatment and after completion of treatment. All the
investigations were done in the central laboratory,
National Institute of Ayurveda, Jaipur. The following
parameters were adopted for assessment of
laboratory parameters.

A. Inclusion Criteria

Laboratory Parameters

Standard diet
Standard diet was advised to both groups
according to the present and expected body weight
for age group with due recommendation to fulfil
energy and protein requirements.

l

Age – between 1-10 yrs.

l

Blood-Hb%, TLC, DLC, ESR, etc.

l

Grade I to IV of malnutrition as per IAP
classification i.e. weight less than 80% of
expected weight

l

Total serum protein

l

A:G ratio

l

Assessment Of Results

Signs and symptoms of Balshosha as per classical
text of Ayurveda.

Assessment of gain in total serum proteins

B. Exclusion Criteria

l

Very Good

1.5-2 gm% increase in TSP

l

Tuberculosis

l

Good

1-1.5 gm% increase in TSP

l

Juvenile D.M.

l

Average

0.5-1 gm% increase in TSP

l

Chronic diarrhoea/ malabsorption syndromes

l

Poor

<0.5 gm% increase in TSP

l

Chronic liver diseases

l

Metabolic disorders

l

Other chronic debilitating diseases.
13
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Observation And Results
Investigations:

Haemoglobin gm%

Table No. 01 Showing status of haemoglobin before treatment in both groups
S.No.

Haemoglobin

Group A (n=30)

(gm %)

Group B (n=30)

No.

%

No.

%

1.

< 7

0

0.00

1

3.33

2.

7 – 9

11

36.67

2

6.67

3.

9– 11

9

30.00

9

30.00

4.

11– 13

9

30.00

14

46.67

5.

> 13

1

3.33

4

13.33

Total

30

100.00

30

100.00

Maximum patients of group A, were having
haemoglobin in the range of 7-9 mg% (36.67%)
followed by 30% of patients in both 9-11mg% and 1113mg% and only 3.33% were having the range more

than 13mg % before treatment. In group B maximum
nos. of patient were having haemoglobin in the range
of 11-13mg% (46.67%) followed by 9-11mg% (30%)
and more than13mg% (13.33%) before treatment.

Table No. 02 showing total gain in haemoglobin gm% after 2 months treatment
S.No.

Gain in Hb

Group A (n=30)

Group B (n=30)

(In gm %)

No.

%

No.

%

1.

< 0.5

20

66.67

23

76.67

2.

0.5-1

6

20.00

4

13.33

3.

1-1.5

4

13.33

3

10.00

Total

30

100.00

30

100

After 2 months of treatment maximum nos.
of patients of both groups (66.67% in group A and
76.67% in group B) gained in haemoglobin below the
range of <0.5mg%, followed by 20% of group A and

13.33% of group B gained Hb% in the range of 0.51gm% and 13.33% of group A and 10% of group B
gained in the range of 1-1.5gm%.

Table No. 03 showing statistical analysis of improvement in haemoglobin percentage after
treatment in both groups
Groups

Mean Hb (gm %)

N-1

%

SD

SE

‘t’

‘p’

±

±

Value

value

BT

AT

Diff.

Group A

10.15

10.40

0.25

29

2.43

0.39

0.07

3.42

< 0.01

Group B

10.81

10.99

0.18

29

1.70

0.38

0.07

2.68

<0.02

Statistical analysis shows that gaining of Hb% in group A is significant in group A with “p” value<0.01
and significant in group B with “p” value<0.02
14
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Total serum proteins
Table No. 04 Showing status of total serum proteins before treatment in both groups
S.No.

T.S.P. (Gm %)

Group A (n=30)

Group B (n=30)

No.

%

No.

%

1.

< 6

10

33.33

6

20.00

2.

6 – 6.5

19

63.34

17

56.67

3.

6.5 – 7

1

3.33

7

23.33

30

100.00

30

100.00

Total

The maximum nos. of patients of both groups were having the total serum protein in 6-6.5gm% range (63.34%
in group A and 56.67% in group B) followed by 33.33% of group A and 20% of group B were having the total
serum protein in the range of less than 6gm% before treatment. Only 3.33% of group A and 23.33% of group
B were having the serum protein in the range of 6.5-7gm% before treatment.
Table No. 05 showing gain in total serum protein gm% after 2 months of treatment
S.No.

Gain in TSP (In gm %)

Group A (n=30)

Group B (n=30)

No.

%

No.

%

1.

< 0.5

14

46.67

27

90.00

2.

0.5-1

12

40.00

3

10.00

3.

1-1.5

3

10.00

0

0.00

4

1.5-2

1

3.33

0

0.00

Total

30

100.00

30

100

The table shows that maximum nos. of both groups (46.67% in group A and 90.00% in group B)
gained total serum protein in the level below 0.5gm%. 40% patients of group A and 10% patients of group B
gained total serum protein in the level 0.5-1gm%. 10% and 3.33% of patients of group A gained serum protein
in the levels 1-1.5gm% and 1.5-2gm% respectively whereas no patients of group B gained the serum protein
in these levels.
Table No. 06 showing statistical analysis of gain in total serum proteins
after treatment in both groups
Groups

Mean T.S.P. (gm %)

N-1

%

SD

SE

‘t’

‘p’

±

±

Value

value

BT

AT

Diff.

Group A

5.98

6.48

0.50

29

8.30

0.42

0.08

6.53

< 0.001

Group B

6.15

6.24

0.09

29

1.46

0.18

0.03

2.73

<0.02

The result of statistical analysis shows that gain in total serum protein after treatment is highly
significant in group A with ‘p’ value<0.001 and significant in group B with ‘p’ value<0.02
15
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A: G Ratio
Table No. 07 Showing status of A: G ratio before & after treatment in both groups
S.No.

A:G Ratio

Group A (n=30)
B.T.

Group B (n=30)

A.T.

B.T.

A.T.

No.

%

No.

%

No.

%

No.

%

1.

< 1

2

6.67

0

0.00

1

3.33

0

0.00

2.

1-1.5

4

13.33

3

10.00

6

20.00

5

16.67

3.

1.5-2

10

33.33

14

46.67

14

46.67

12

40.00

4.

2-2.5

12

40.00

6

20.00

8

26.67

12

40.00

5.

> 2.5

2

6.67

7

23.33

1

3.33

1

3.33

Total

30

100.00

30

100.00

30

100.00

30

100.00

Before treatment highest nos. of patients (40%) in group A were having A:G ratio in the range 2-2.5
followed by 33.33% in1.5-2 range and 13.33% in the range of 1-1.5. In group B highest nos. of patients
(46.67%) before treatment were having A:G ratio in the range of 1.5-2 followed by 26.67% in 2-2.5 range
and 20% in 1-1.5 range.
Table No. 08 showing statistical analysis of gain in A:G ratio after treatment
Groups

Mean A:G Ratio

N-1

BT

AT

Diff.

Group A

1.92

2.07

0.15

29

Group B

1.90

1.93

0.03

29

%

SD

SE

‘t’

‘p’

±

±

Value

value

7.64

0.43

0.08

1.87

> 0.05

1.58

0.20

0.04

0.84

> 0.10

Statistically results were insignificant in both groups with ‘p’ value >0.05 in group A and >0.10 in group B.
Overall Improvement in Total serum protein level
Table No. 09 Overall Improvement in total serum protein level in patients of Balshosha in
Group-A and Group-B
Overall Improvement

Group A (n=30)

Group B (n=30)

F

%

F

%

Very Good

1

3.33

0

0.00

Good

3

10.00

0

0.00

Average

12

40.00

3

10.00

Poor

14

46.67

27

90.00

In both groups, there is poor improvement in total serum proteins level in 46.67% patients of group
A & 90.00% patients of group B. But group A shows good improvement in total serum proteins level in 10.00%
patients with very good improvement in 3.33% cases while in group B no case with very good or good
improvement is seen. Average improvement in group A occurs in 40.00% cases and group B in 10.00% cases.

16

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com

Vol.IX No.1 Jan-Mar 2015

Journal of Ayurveda

Inter-group comparison of laboratory parameters
Difference in changes observed in Laboratory parameters
Table No.10: Statistical status of inter-group difference of changes observed in laboratory
parameters
Parameters

SD

SE (±)

‘t’ Value

‘p’ Value

Hb gm%

0.383

0.099

0.70

>0.10

Total serum protein

0.321

0.083

4.9

<0.001

A:G Ratio

0.337

0.087

1.61

>0.10

In laboratory parameters highly significant difference in improvement was observed statistically in
total serum protein between two groups (p<0.001). Other parameters like haemoglobin, A: G ratio, total
leukocyte count and ESR shows insignificant difference in improvement in between two groups (p>0.10).
Discussion

in the range 0.5-1gm. (Table no.81). The gain is
statistically highly significant in group A (p
<0.001) whereas in group B it is significant
(p<0.02) (Table no. 06). Intergroup difference in
total serum protein gain is statistically highly
significant (p<0.001) indicating that drug have
positive effect on total serum protein level on
malnutrition (Table no.09). Total serum proteins
are taken as an indicator of Rasa Dhatu and their
increase denotes formation of healthy Rasa
Dhatus. This action may be attributed to
Brimhana, Rasayana, Jeevaniya properties of
drug. Pippali6, Yastimadhu7 are known to have a
positive effect on absorption and bioavailability
of nutrients which may also be the reason behind
increase in total serum proteins.

Effect on laboratory parameters
The main laboratory parameters studied was
Hb gm%, total serum proteins, A:G ratio as all these
are disturbed in malnutrition. In addition TLC, DLC
and ESR were also done to check out that is drug
altering normal parameters or not.
l

l

Improvement in hemoglobin level- In
present study the mean Hb gm% of patients in
both groups were 10.15 gm% in group A and
10.81 gm% in group B. The mean gain in Hb in
group A was 0.25 gm% while in group B it is 0.18
gm%. On statistically analysis, the results are
significant in both groups (p<0.01 in group A
and p <0.02 in group B) (Table no. 03). Post test
result with paired‘t’ test shows insignificant
differences in both groups with ‘p’ value>0.10
(Table no.09).So, it can be said that the
improvement in the level of Hb% is not due to
the study drug.

l

Improvement in total serum protein- Total
serum protein is a good indicator of protein
malnutrition and is usually low in malnourished
children. In present study mean total serum
protein in group A was 5.98 gm and in group B
it was 6.15 gm. After two months of treatment a
gain of 0.50 gm in group A and 0.09 gm in group
B was observed. Maximum of 46.67% patients in
group A gain TSP in the range below0.5 gm
followed by 40% in the range0.5-1gm,10% in the
range1-1.5 gm and 3.33% gained in the range1.52gm whereas maximum 90% patients in group B
gain TSP less than 0.5 gm followed by 10% gained

Improvement in A:G ratio- Albumin is the
most abundant serum protein and globulins are
second to it. There ratio remains fixed to a range
in all healthy individuals. In malnutrition as
albumin levels fall; so A:G ratio increases. In
present study the mean A:G ratio in group A was
1.92 and in group B it was 1.90. After treatment
an increase of 0.15 in group A and 0.03 in group
B was noticed in A:G ratio. These results are
statistically insignificant for both groups (p<0.02
in group A and p >0.10 in group B) (Table no.
07). This shows that drug doesn’t have any effect
on A: G ratio which may be due to a high A: G
ratio before treatment.

Conclusion
Improvement in the level of total serum
protein is the good sign of recovery in protein energy
17
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malnutrition. In the present study it is seen that
highly significant difference in gaining total serum
protein level in comparison to simple standard diet.
So it can be concluded that indigenous drug Shoshjit
Yog along with standard diet is a good alternative for
the treatment of malnutrition as it enhances
absorption of nutrients and increase the total serum
protein.
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Clinical Study
Clinical Evaluation of the Efficacy of Shankhapushpi Panak
and Shirodhara with Mansyadi Kwatha in the Management of
Chittodvega W.S.R. to Generalized Anxiety Disorder
*Dr. Udai Raj Saroj, **Dr. Purnima Rao, ***Prof. R. K. Joshi
Abstract
Chittodvega is a psychological disease which resembles Generalized Anxiety Disorder (GAD). It is
characterized by excessive, uncontrollable and often irrational worry about everyday things that is
disproportionate to the actual source of worry. Present study was conducted on 60 clinically diagnosed cases
of Chittodvega by dividing them randomly into two equal groups. Patients of Group I were administered
Shankhapushpi Panak in the dose of 15 ml twice a day for one month and Shirodhara with Mansyadi Kwatha
daily for 21 days. In Group II, patients were administered Tab. Sertraline 50mg once a day at bed time for
30 days. Effect of both therapies were assessed and compared on the basis of improvement in sign and
symptoms of Chittodvega and GAD by using DSM-IV criteria, Hamilton Anxiety Rating Scale. Statistically
highly significant improvements were observed in both Groups. Ayurvedic treatment had produced similar
and comparable effect on various scientific parameters as compared with Tab. Sertraline.
Key Words - Chittodvega, Generalized Anxiety Disorder, Shirodhara

‚Ê⁄UÊ¥‡ÊÁøûÊÙmª ∞∑§ ◊ÊŸÁ‚∑§ ’Ë◊Ê⁄Ë „Ò ¡Ù ¡Ÿ⁄∂ÊßÖ«U ∞¢¡Êß≈Ë Á«U‚ÊÚ«¸U⁄ ∑§ ‚◊M§¬ „Ò – ºÒÁŸ∑§ ¡ËﬂŸ ∑§Ë øË¡Ê¥ ∑§ ’Ê⁄
◊¥ •àÿÁœ∑§, •ÁŸÿ¢ÁGÃ ∞ﬂ¢ ¬˝Êÿ— Ã∑¸§„ËŸ Áø¢ÃÊ ∑§⁄ŸÊ ß‚∑§ ∂ˇÊáÊ „Ò, Á¡‚∑§Ê Áø¢ÃÊ ∑§ ﬂÊSÃÁﬂ∑§ ∑§Ê⁄áÊ ‚ ∑§Ùß¸ ‚Ê◊¢¡Sÿ
Ÿ„Ë¥ „ÙÃÊ „Ò– ¬˝SÃÈÃ •äÿÿŸ ÁøûÊÙmª ∑§ ŸÒºÊÁŸ∑§ ÁŸœÊ¸⁄áÊ Á∑§ÿ „È∞ 60 ⁄ÙÁªÿÊ¥ ∑§Ù ºÙ ‚◊ÊŸ ﬂªÊ¸ ◊¥ Á’ŸÊ ∑˝§◊ ∑§ Áﬂ÷ÊÁ¡Ã
∑§⁄ Á∑§ÿÊ ªÿÊ– ‚◊Í„-I ∑§ ⁄ÙÁªÿÊ¥ ∑§Ù ‡Ê¢π¬Èc¬Ë ¬ÊŸ∑§ 15 Á◊Æ∂ËÆ ÁºŸ ◊¥ ºÙ ’Ê⁄ ∞∑§ ◊Ê„ Ã∑§ ∞ﬂ¢ ◊ÊãSÿÊÁº `§ÊÕ ‚
Á‡Ê⁄ÙœÊ⁄Ê ¬˝ÁÃÁºŸ 21 ÁºŸÊ¥ Ã∑§ ÁºÿÊ ªÿÊ– ‚◊Í„-II ∑§ ⁄ÙÁªÿÊ¥ ∑§Ù ≈Ò’∂≈ ‚⁄≈ÊÁ∂Ÿ 50 Á◊Æ∂ËÆ ⁄ÊÃ ∑§Ù ‚ÙÃ ‚◊ÿ ∞∑§
’Ê⁄ 30 ÁºŸÊ¥ Ã∑§ ÁºÿÊ ªÿÊ– ºÙŸÊ¥ ÁøÁ∑§à‚Ê•Ù¥ ∑§Ê ◊ÍÀÿÊ¢∑§Ÿ ∞ﬂ¢ ÃÈ∂ŸÊ ÁøûÊÙmª ∞ﬂ¢ ¡Ÿ⁄∂ÊßÖ«U ∞¢¡Êß≈Ë Á«U‚ÊÚ«¸U⁄ ∑§
∂ˇÊáÊÊ¥ ◊¥ •Ê∞ ‚ÈœÊ⁄ mÊ⁄Ê DSM IV CRITERIA ∞ﬂ¢ HAMILTON ANXIETY SCALE ∑§Ë ‚„ÊÿÃÊ ‚ Á∑§ÿÊ ªÿÊ– ºÙŸÊ¥
ﬂªÊ¸ ◊¥ •àÿÁœ∑§ ◊„àﬂ¬ÍáÊ¸ ‚ÈœÊ⁄ ºπ ªÿ – •ÊÿÈﬂ¸Áº∑§ ©¬øÊ⁄ Ÿ ÁﬂÁ÷ãŸ ﬂÒôÊÊÁŸ∑§ ◊Ê¬ºá«UÊ¥ ¬⁄ ‚⁄≈ÊÁ∂Ÿ ∑§ ‚◊ÊŸ ∞ﬂ¢
ÃÈ∂ŸÊà◊∑§ ¬˝÷Êﬂ ©à¬ãŸ Á∑§ÿÊ –
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Clinical Study
Clinical Evaluation of the Efficacy of Shankhapushpi Panak
and Shirodhara with Mansyadi Kwatha in the Management of
Chittodvega W.S.R. to Generalized Anxiety Disorder
Dr. Udai Raj Saroj, Dr. Purnima Rao, Prof. R. K. Joshi
Introduction:

long term use of sedative, hypnotic and anxiolytic
drugs, which may lead to the side effects. But the
treatment should cure the disease without
developing any other disease,8 so we should search
for better treatment with less complication.

Chittodvega is Manas Roga and develops
due to vitiation of Raja and Tama1. Chittodvega can
be defined as a Chitta (mind) + Udvega (anxiety) =
Chittodvega – ‘Anxious status of a mind”. Nidana
Sevana aggravates Raja, which aggravates Tama 2
along with Vata and Pitta. There is lack of description
of symptoms of Chittodvega in Ayurvedic texts.
Unmada is a major psychological disorder
(impairment of orientation i.e. psychosis) and
Chittodvega is one of the minor psychological
disorders (no disorientation as the patient can
perform his day to day activities without much
difficulty i.e. neurosis) and neurosis may develop
psychosis. Keeping these points in mind, the
prodromal features of Unmada, like Shirash
Shoonyata, Chakshushorakulta, Ucchawasasyadhikyam, Udvega, Dhyana, Hridgraha, Ayasa,
Unmattchittatvam, Anannabhilasha, Sammoha,
Swanokarnayo and Avipaka, 3 were taken as
symptoms of Chittodvega. Chittodvega can be
correlated with Generalized Anxiety Disorders on the
basis of its etymology (Chittodvega = anxious state
of mind), pathology (neurotic disorder) and
symptoms (both are psychosomatic disorder).

Shankhapushpi Panak
described
in
Ayurveda Sara Sangraha under ‘Panak Kalpana’ was
selected for trial in the present study. It contains
Shankhapushpi,
Brahmi
and
Sharkara.
Shankhapushpi is Tridoshshamaka especially VataPittashamaka and has Medhya Prabhava, Secondly,
Shirodhara with Mansyadi Kwatha was also selected
in this research work. Mansyadi Kwatha described
in Siddha Yog Sangraha, contains Jatamansi,
Ashwagandha and Parseek Yavani, is mentioned as
a treatment for Anidra and Shirodhara is well known
procedure used in Manas Roga. For the comparison
of effects of these drugs Sertraline was selected as a
control drug which is drug of choice for GAD.
Aims and Objectives:
1 . Clinical and conceptual studies of Chittodvega
vis-à-vis Generalized anxiety disorders on the
Ayurvedic terms.
2. To evaluate clinically the efficacy of
Shankhapushpi Panak and Shirodhara with
Mansyadi Kwatha for Chittodvega.

Generalized Anxiety Disorder present with
persistent, excessive, and/or unrealistic worry
associated with muscle tension, impaired
concentration, autonomic arousal, feeling "on edge"
or restless, and insomnia. In present era, the
occurrence of many diseases has increased and one
of them is mental disorder, which is mentioned as
3rd health burden in India according WHO survey.4
The data suggest that in Anxiety Disorders clinics
approximately 12% of the individuals suffering with
Generalized Anxiety Disorder,5 also approximately
6.8 million American adults6 and 2 percent of adult
Europeans, in any given year, experience GAD.7 The
modern medical treatment of this disease requires

3. To compare the efficacy of Shankhapushpi Panak
and Shirodhara with Mansyadi Kwatha with a
standard drug i.e. Sertraline.
Material and Methods –
The study was conducted on 60 clinically
diagnosed patient of Chittodvega (GAD). The
selection of patients were made from the Out patient
and in patient of P.G. Department of Kayachikitsa at
National institute of Ayurveda Hospital Jaipur, SSBH
Jaipur, Satellite Hospital and Psychiatric centre and
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De-addiction centre, Jaipur, Rajasthan after obtaining
informed consent from them and were randomly
divided into two equal groups.

c) Occurrence of Chittodvega exclusively during
mood disorder, a psychotic disorder or a
pervasive development disorder.

1.

d)
Patients having chronic diseases like
Diabetes Mellitus, Ischemic heart disease,
Hypertension, Malignancies, Chronic Renal
Failure, any Endocrinological disorder etc.

Study Design- Single centre, Open label,
Randomized, Standard, Controlled, Clinical
Interventional type.

2. Inclusion Criteria4.

a) Patients fulfilling the Diagnostic and
Statistical Manual of Mental Disorder, Fourth
edition (DSM-IV) Criteria.

Administration of Drugs

Group I-30 registered patient were treated
with Shankhapushpi Panak in the dose of 15 ml BD
with equal amount of water after meal and Shirodhara
with Mansyadi Kwatha 45 minutes daily in the
morning hours for 21 days.

b) Patients who score at least 14 on the
Hamilton Anxiety Rating Scale (HARS-A) at
baseline visit.

Group II-30 registered patients were treated
with Sertraline 50 mg once a day at bed time for 30
days.

c) Patients in the age group of 18-65 years of
either sex.
d) Female patients who agreed to use
acceptable methods of birth control throughout
the study.

Criteria of Assessment:
1 . Symptoms of Chittodvega: Shirash shoonyata,
Chakshushorakulta, Ucchawasasyadhikyam,
Udvega,
Dhyana,
Hridgraha,
Ayasa,
Unmattchittatvam, Anannabhilasha, Sammoha,
Swanokarnayo and Avipaka. Change in each
symptom was scored by a Symptom Grading
Scale.

3. Exclusion Criteria –
a) Patients below 18 and above 65 years of age.
b) Chittodvega due to direct physiological effect
of a substance (e.g. A drug abuse, a medication)
or a general medical condition (e.g.
Hyperthyroidism)

2. DSM-IV criteria for GAD.
3. Hamilton Anxiety Rating Scale (HAM-A).

Grading of Symptoms of Chittodvega :
1.

Shirash Shoonyata (Mind going blank)
i.

Not present

0

ii. Occasionally

1

iii. Once in a week

2

iv. Daily but not always

3

v . Always

4

2. Chakshushorakulta (unsteady eyes)
i.

Normal eyes

0

ii. Eyes are unsteady while talking

1

iii. Eyes are unsteady even at rest

2
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3. Swanokarnayo (Tinnitus) 9
i.

Not present

0

ii. Audible only in silent environments

1

iii. Audible only in ordinary acoustic environments, but masked
by loud environmental sounds; can disturb falling asleep, but not sleep in general

2

iv. Audible in all acoustic environments, disturbs falling asleep,
can disturb sleep in general, and is a dominating problem that affects quality of life

3

4. Ucchwasasyadhikyam (Dyspnoea)
i.

Normal respiration

0

ii. Frequent sighing but not noticed by the patients

1

iii. Frequent sighing and patient think he is dyspnoic

2

5. Hridgraha (Chest tightness)
i.

No chest tightness

0

ii. Mild tightness around chest

1

iii. Feeling of choking sensation around chest

2

iv. Difficulty in breathing due to choking

3

6. Dhayana (Unrealistic Apprehension)
i.

Not present

0

ii. Occasionally

1

iii. Once in a week

2

iv. Daily but not always

3

v . Daily and always

4

7 . Ayasa (Easily become fatigue)10
i.

No limitation of normal activity

0

ii. Comfortable at rest, but ordinary physical activity results in

fatigue

1

iii. Comfortable at rest, but less than ordinary activity causes fatigue.

2

iv. Unable to carry out any physical activity without discomfort.

3

8. Sammoha (Illusion)
i.

Not present

0

ii. Occasionally

1

iii. Once in a week

2

iv. Daily but not always

3

v . Daily and always

4
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9. Udvega (Palpitation)
i.

Normal emotions

0

ii. Emotional easily even in normal conditions

1

iii. Emotional during expressing his/her feelings

2

iv. Always emotional

3

v . Unable to handle her/his emotions

4

10. Unmattchittatvam (Inability to concentrate)
i.

11.

No complaint

0

ii. Feel that loss of concentration than earlier

1

iii. Cannot do work of concentration

2

iv. Many often I forget the matters

3

v . Forget thing / matter of few minutes ago

4

Anannabhilasha (Anorexia) 11
i.

Normal appetite

0

ii. Loss of appetite without alteration in eating habits

1

iii. Oral intake altered without singnificant weight loss or malnutrition

2

iv. Associated with significant weight loss or malnutrition

3

v . Life threatening consequences

4

12. Avipaka (Impaired digestion)
i.

Food digests in 4-5 hrs

0

ii. Food digests in 6-10 hrs

1

iii. Food digests in 11- 15 hrs

2

iv. Food digests in 16-20 hrs

3

v . Food digests in more than 1 day

4

Statistical Methods Used: Observation
obtained were analyzed statistically with the help of
Instate Graph pad software 3.1. Following tests were
used for the purpose-

years - 25%), male (61.67%), married (53.3%),
primarily educated (35%), middle class (45.0%),
Hindu (56.7%), from urban habitat (38.3%).
Maximum no. of patients had mixed diatary habbit
(61.7%) and relevant family history (71.67%), along
with 1-5 years of chronicity of disease (56.7%).

1 . Wilcoxon matched-pairs signed ranks test- Intra
group comparison.

Majority of patient had Vata-Pittaja Sharira
Prakriti (41.7%), Rajasika Manas Prakriti (63.33%),
Madhyama Sara (86.66%), Madhyama Samhanana
(80%),
Avara Satva
(68.3%),
Madhyama
Abhyavaharana Shakti (30%), Avara Jarana Shakti

2. Mann-Whitney Test- For calculating the Inter
group comparison.
Observation:
Majority of patients were young (age 16-25
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(45%) and
Avara Vyayama Shakti
(54.1%).
Maximum number of the patients had Madhyama
Koshtha (60%), Vishmagni (58.33%), Regular bowel
habit (50%), Samanya Mutrata (85%). Most of the
patient had disturbed sleep (38.3%) and were
addicted to Tea (46.65%) and worried due to death
of close ones (23.3%)

had complaint of irritability, 95% had complaint of
easily fatigability, 93.33% had complaint of disturbed
sleep, 75% had complaint of Difficulty in
concentration or mind going blank and only 20%
complained for muscle tension.
Occurrence of Kapha Dushti symptoms in
Chittodvega showed that 45% were suffering from
Agnimandya, 33.33% from Avsada, 23.34% from
Aruchi, 9.8% from Praseka and 1.7% from Tandra.
Occurrence of Pitta Dushti symptoms showed that
95% was suffering from Balahrash, 90% from Amlika,
40% from Atisweda and 23.3% from Daha.
Occurrence of Vata Dushti symptoms showed that
100% was suffering from Vepathu, followed by
93.33% from Nidranasa, 66.67% from Shiroruka,
65.7% from Hriddravata, 40% from Gadhavarcha,
13.2% from Padasuptata and 5% from Udarveshtana.
Occurrence of Ojas Dushti symptoms showed that
95% was suffering from Daurbalya, 68.3% from
Bhaya, 8.2% from Pramada and 6.6% from
Rukshata.

Among symptoms of Chittodvega 96.67% had
complaint of Dhyana, 95% had complaint of Ayasa,
75% had complaint of
Sammoha, Udvega,
Unmattchittatvam each, 66.6% had complaint of
Shirash Shoonyata, 45% had complaint of Avipaka,
33.34% had complaint of Hridgraha, 26% had
complaint of Chakshushorakulta, 23% had complaint
of Anannabhilasha and 18% had complaint of
Ucchawasasyadhikyam as well as Swanokarnayo
each.
Among symptoms of GAD maximum i.e.
100% had complaint of Excessive worry, difficulty to
control worry along with restlessness each, 96.67%
Results:

Table No. I : Showing effect of Therapy on Hamilton Anxiety Rating Scale (HAM-A Scale)
(Wilcoxon matched paired single ranked test)
Group

Mean

Mean

%

SD

SE

P

S

BT

AT

Diff.

Relief

±

±

Value

value

Group I

44.46

15.86

25.40

57.1%

9.12

1.66

<0.001

HS

Group II

44.90

15.36

26.23

58.4%

9.26

1.69

<0.001

HS

HS:

Highly

Significant

On intergroup comparison both the groups were statistically insignificant.
Table No. II : Showing effect of Therapy on DSM-IV criteria for GAD (Chittodvega)
(Wilcoxon matched paired single ranked test)
Variable

Group

Excessive worry

Restlessness

Mean

Mean

%

SD

SE

P

S

BT

AT

Diff.

Relief

±

±

Value

value

Group I

3.20

0.50

2.60

82.2%

0.49

0.89

<0.001

HS

Group II

2.96

0.53

2.43

82.0%

0.50

0.92

<0.001

HS

Group I

2.23

0.40

1.83

82.0%

0.79

0.14

<0.001

HS

Group II

3.00

0.50

2.50

83.3%

0.73

0.13

<0.001

HS
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Group

Mean

Mean

%

SD

SE

P

S

BT

AT

Diff.

Relief

±

±

Value

value

Group I

1.93

0.33

1.60

82.7%

0.93

0.17

<0.001

HS

Group II

1.96

0.33

1.63

83.0%

1.03

0.18

<0.001

HS

Difficulty in

Group I

1.56

0.36

1.20

76.6%

0.92

0.16

<0.001

HS

concentrating

Group II

1.80

0.36

1.40

76.3%

0.96

0.17

<0.001

HS

Irritability

Group I

2.96

0.40

2.53

85.3%

0.62

0.11

<0.001

HS

Group II

2.96

0.13

2.56

86.5%

0.56

0.10

<0.001

HS

Group I

0.46

0.13

0.33

71.4%

0.66

0.12

<0.001

HS

Group II

0.40

0.10

0.30

75.0%

0.65

0.11

<0.001

HS

Group I

3.03

0.40

2.63

86.8%

0.71

0.13

<0.001

HS

Group II

2.66

0.40

2.26

85.0%

1.20

0.21

<0.001

HS

Group I

18.4

5.36

11.76

63.9%

5.93

1.08

<0.001

HS

for GAD as a whole Group II

19.6

4.80

13.33

67.7%

5.50

1.01

<0.001

HS

Fatigability

Muscle tension

Sleep disturbance

DSM-IV criteria

HS:

Highly

Significant

On intergroup comparison both the groups were statistically insignificant.
Table No. III : Showing effect of therapy on the symptoms of Chittodvega (Wilcoxon
matched paired single ranked test)
Variable

Group

Mean

Mean

%

SD

SE

P

S

BT

AT

Diff.

Relief

±

±

Value

value

Group I

1.10

0.23

0.86

78.7%

0.81

0.14

<0.001

HS

Group II

1.40

0.26

1.13

80.9%

0.77

0.14

<0.001

HS

Chakshushor-

Group I

1.10

0.33

0.76

69.6%

0.43

0.07

<0.001

HS

akulta

Group II

1.03

0.33

0.70

67.7%

0.46

0.08

<0.001

HS

Swanokarnayo

Group I

0.43

0.16

0.26

61.5%

0.58

0.10

<0.05

S

Group II

0.36

0.13

0.23

63.6%

0.56

0.10

<0.05

S

Ucchwasasya-

Group I

0.86

0.33

0.53

61.5%

0.50

0.10

<0.001

HS

adhikyam

Group II

0.93

0.16

0.60

64.2%

0.56

0.10

<0.001

HS

Hridgraha

Group I

0.43

0.10

0.33

76.9%

0.47

0.08

<0.001

HS

Group II

0.66

0.30

0.23

77.7%

0.43

0.07

<0.001

HS

Group I

3.16

1.50

1.66

52.6%

0.84

0.15

<0.001

HS

Group II

2.93

1.13

1.80

61.3%

1.18

0.21

<0.001

HS

Shirash Shoonyata

Dhyana
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Group

Ayasa

Sammoha

Udvega

Unmat- chittatava

Anannabhi-lasha

Avipaka

(HS: Highly Significant

Mean

Mean

%

SD

SE

P

S

BT

AT

Diff.

Relief

±

±

Value

value

Group I

1.93

0.33

1.60

82.7%

0.93

0.17

<0.001

HS

Group II

1.96

0.33

1.63

83.0%

1.03

0.18

<0.001

HS

Group I

2.00

0.43

1.56

78.3%

1.25

0.22

<0.001

HS

Group II

1.76

0.30

1.46

83.0%

1.30

0.23

<0.001

HS

Group I

1.60

0.36

1.23

77.0%

0.93

0.17

<0.001

HS

Group II

2.06

0.46

1.6

77.4%

0.85

0.15

<0.001

HS

Group I

1.56

0.36

1.2

76.6%

0.92

0.16

<0.001

HS

Group II

1.80

0.36

1.4

76.3%

0.96

0.17

<0.001

HS

Group I

0.40

0.13

0.26

66.6%

0.44

0.08

<0.001

HS

Group II

0.30

0.10

0.20

66.6%

0.40

0.07

<0.001

HS

Group I

1.00

0.36

0.63

63.3%

0.49

0.08

<0.001

HS

Group II

0.96

0.73

0.2

20.7%

0.40

0.07

<0.05

S

S: Significant)

On intergroup comparison both the groups showed statistically insignificant difference in all the
symptoms except in Avipaka in which both the groups had significant difference (p value <0.05).
Shankhapushpi is Tridoshshamaka especially
Vata-Pittashamaka, has Tikta Rasa, Snigdha and
Picchila Guna, Sheeta Virya, Madhura Vipaka and
Medhya in Prabhava. Acharya Charaka has
mentioned it as best ‘Medhya Rasayana’. Due to
Vata-Pitta Samaka property, Shankhapushpi acts on
Raja Guna by pacifying Vata Dosha. It is Medhya in
Prabhava so it improves Medha and decreases
probability of Pragnyaparadha because literally, the
term “Medhya” means substances that are beneficial
for “Medha” or in a functional term Pragya 12. In
recent studies, it is mentioned as anxiolytic,
tranquillizing and antiamensic13. It is quite good for
improving memory due to its chemical composition,
including phytonutrients like Scopoline ß- Sitosterol,
Convoline and Confoline14.

Discussion
Manas is very important in Ayurveda as it is
an essential component of Ayu, Tridanda (a
metaphysical faculty of person), process of
knowledge, site for disease development, good health
and salvation. The main seat of Manas is Hridaya
(Brain) and it performs its function by moving in
whole body through Srotas along with Vata, Pitta and
Kapha. Raja & Tama are two Manasika Doshas which
vitiates the Hridaya, the seat of Buddhi, and then
obstruct the Manovaha Srotas & produce various
types of psychological disorders like Chittodvega etc.
It can be correlated with Generalized Anxiety
Disorders on the basis of etymology of Chittodvega
(anxious state of mind), type of psychological
disorder (neurotic disorder) and symptomology
(both are psychosomatic disorder).

Brahmi is Tridoshahara, has Tikta, Kashaya
and Madhura Rasa, Laghu and Sara Guna, Sheeta
Virya, Madhura Vipaka and Medhya Prabhava. By
pacification of Vata and Pitta, there is reduction of
Raja Guna along with Tama. Due to Medhya Prabhava
it improves Medha and reduces the Pragnyaparadha.
In recent studies, it is mentioned as sedative15, anti-

Shankhapushpi Panak which is mentioned in
Ayurveda Sara Sangraha under Panaka Kalpana
contains Shankhapushpi, Brahmi and Sugar, is stated
to be Medhya, Smritiprada, Shirahshoolahara, and
useful in Chittavibhrama and Manasika Ashanti.
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Kshaya and Madhura Rasa, Snigdha and Laghu Guna,
Sheeta Virya and Katu Vipaka. Acharya Charaka has
stated it as Sangyasthapaka. Jatamansi comes packed
with GABA and it increases the power of the GABA
produced by the body. The end result is a relaxed
day or a good night’s sleep21.

stress16, and enhancer of cognitive performance17 and
acts through triterpenoid, saponins and their
bacosides. Brahmi is said to affect the GABA-ergic
system which involves the nerves and synapses of
the central nervous system, where memory
originates and is stored. The saponin and hersaponin
is reported to possess sedative and spasmodic
properties. A comparative study of hersaponin and
pentobarbitone indicates that hersaponin has a
superior sedative effect18.

Parseek Yavani is Kapha-Vatashamaka and
Pittavardhaka, It produces sedative effect due to
Madaka Prabhava, reduces headache due to
Vednasthapaka Prabhava. It has Scopolamine
alkaloid, which is muscarinic receptor antagonist
and anticholinergic that’s why it produces sedative
effect22.

Among all the Vikaras of Ikshu, Sharkara has
best Vata-Pittashamaka property, it has Madhura
Rasa, Guru and Snigdha Guna, Sheeta Virya, Madhura
Vipaka. It increases Kapha Guna and improves the
general physique and has a soothing effect on the
mind or produces tranquillity in the mind and
enhances "Dharana Karma".

Ashwagandha is Kapha-Vata Samaka, has
Tikta, Katu and Madhura Rasa, Laghu and Snigdha
Guna, Ushna Virya and Madhura Vipaka. It pacifies
Vata due to Madhura Rasa, Snigdha Guna, Ushna
Virya and Madhura Vipaka. Its extract has negative
effect on stress, including elevated levels of the stress
hormone
cortisol 23 .
Its
extract
inhibits
acetylcholinesterase and their by produces sedative
effect24.

Probable mode of action of Shirodhara with
Mansyadi Kwatha
According to Acharya Charaka, the Shirash is
the seat of Prana and all Indriyas (sense organs) has
shelter in Shirash. So Shirodhara with Mansyadi
Kwatha provides strength to Prana & Indriya which
are mainly vitiated in case of psychological disorders.

Conclusions
Following conclusions can be drawn from the
current research project -

According to Yoga Sutra, between both eye
brows one of the Shada Chakra, i.e. Agya Chakra is
located which controls the function of other Chakra,
and it is also responsible for intellect, knowledge etc.
So when the patient meditate on Dhara, it enhances
the power of Agyachakra, which in turn starts
functioning properly & also regulates the function of
other Chakra and relieves the symptom of
Chittodvega.

1 . Mind is prime factor in health and disease.
2. Various psychic factors affects at somatic levels
too.
3. Among
various
psychological
disorders
described in Ayurveda Chittodvega is nearest
term for Generalized Anxiety Disorder. Rajas with
vitiation of Vata plays an important role in
Chittodvega.

Paka Prakriya by Bhrajaka Pitta situated at
Twaka absorbs Virya of drugs directly without
alteration in properties19 and acts directly on the site
of pathology i.e Shira. Also, scalp is richly supplied
by blood vessels, so there is readily absorption of
active principles.

4. Shankhapushpi Panak and Shirodhara with
Mansyadi Kwatha produced similar results in sign
and symptoms of Chittodvega (GAD) on
Hamilton Anxiety Rating Scale as compared with
that of Tab. Sertraline.

In a study the psycho–neuro--immunologic
changes of Shirodhara were studied. The results show
that Shirodhara has anxiolytic and ASC-inducing
effects, and it promotes a decrease of noradrenaline
and exhibits a sympatholytic effect, resulting in the
activation of peripheral foot skin circulation and
immunopotentiation20.
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Clinical Study
“Clinical Evaluation Of Palasha Kshara And Pashanbheda
Kwatha Churna In The Management Of Urolithiasis”
*Dr. Tripathi S. K., **Dr. Alok Kumar, **Dr. Jain V.K., ****Dr.M.K.Shringi
Abstract
The urinary stones have peculiar tendency of recurrence, despite of their surgical removal, which
prove that surgery only be a part of treatment, but not the complete treatment. To avoid the incidence of
recurrence after surgical removal of stone and in search of an effective conservative treatment the present
work has been performed.
The present study was conducted in 43 clinically diagnosed patients of Urolithiasis were treated with
Palashakshara and Pashanbheda Kwath for 84 days. Statistically significant improvement was observed in
Urolithiasis (Mutrashmari).
Key Words: -Urolithiasis, Mutrashmari, Palashakshara, Pashanbheda Kwath.

‚Ê⁄Ê¢≥Ê ◊ÍGÊ‡◊⁄Ë ⁄Ùª ◊ ‡ÊÀÿ ÁøÁ∑§à‚Ê mÊ⁄Ê ß¸‹Ê¡ ∑§⁄ﬂÊŸ ∑§ ¬‡øÊÃ ÷Ë ºπÊ ªÿÊ „Ò Á∑§ ß‚ ⁄Ùª ∑§Ë ¬ÈŸ⁄ÊﬂÎÁûÊ „Ù ¡ÊÃË
„Ò, •Ã— ÿ„ ÁøÁ∑§à‚Ê ¬ÍáÊ¸ Ÿ„Ë¢ „Ò– ß‚ ⁄Ùª ∑§Ë ¬ÈŸ⁄ÊﬂÎÁûÊ ∑§Ù ⁄Ù∑§Ÿ ∑§ Á‹ÿ ∞ﬂ¢ ∞∑§ ©¬ÿÈQ§ •ÊÒ·œËÿ ÁøÁ∑§à‚Ê ∑§Ë
πÙ¡ ◊¥ ÿ„ •ŸÈ‚ãœÊŸ ∑§Êÿ¸ Á∑§ÿÊ ªÿÊ, •ÊÒ⁄ ¬Á⁄áÊÊ◊ ©à‚Ê„¡Ÿ∑§ ⁄„–
¬˝SÃÈÃ •äÿÿŸ ¬Íﬂ¸ ÁﬂÁŸÁ‡øÃ ◊ÍGÊ‡◊⁄Ë ⁄Ùª ∑§ 43 ⁄ÙÁªÿÙ¥ ◊¥ ¬‹Ê≥Ê ˇÊÊ⁄ •ÊÒ⁄ ¬Ê·ÊáÊ ÷º ‹ªÊÃÊ⁄ 84 ÁºŸ Ã∑§
º∑§⁄ ŒπÊ ªÿÊ ‚Ê¢ÁÅÿ∑§Ë ¬Á⁄áÊÊ◊ ‚¢ÃÙ·¡Ÿ∑§ ¬Êÿ ªÿ–

*M. S. Scholar, **Ph.D. Scholar, ***Former Associate Prof. & H.O.D., P.G. Deptt. Shalya Tantra, NIA, Jaipur P. G.
Deptt. of Shalya Tantra, NIA, Jaipur
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Clinical Study
“Clinical Evaluation Of Palasha Kshara And Pashanbheda
Kwatha Churna In The Management Of Urolithiasis”
Dr. Tripathi S. K., Dr. Alok Kumar, Dr. Jain V.K., Dr. M.K. Shringi
Introduction

Urolithiasis (Mutrashmari).

Management of various types of Ashmari has
been described in Sushruta Samhita in chikitsasthan1.
Treatment has been advised to be undertaken in the
early stages of the disease. Ghrita recipes for three
types of calculi have been mentioned along with
indication of appropriate food, drinks and other
measures2. Indication for the surgical management
has maintained along with a note of caution
regarding its risk and doubtful chances of success.3
It was to be undertaken only on failure of
conservative treatment and when death becomes
inevitable if not treated surgically4. Among the many
modalities
available
Palashaakshara
and
Pashanbheda-kwathachurna is supposed to be
effective looking in the management of Ashmari,
probably these drugs have ‘Guna’ that may resolve
the condition.

Objectives
Primary Objectives:
To assess the clinical efficacy of Palasha
Kshara and Pashanbheda Kwatha Churna in the
management of Urolithiasis (Mutrashmari).
Secondary Objectives
To assess the clinical safety of Palasha
Kshara and Pashanbheda Kwatha Churna in the
patients of Urolithiasis.
Plan of The Study (Selection of Cases)
Source– Patients for the present study were
screened out, from the O.P.D. of Shalya Tantra,
Department, NIA, Jaipur.
Age Group – Patients of age group between
18-65 years were selected for the study.

The above combination of drugs is cost
effective and can be prescribed, on OPD basis. These
two formulations are indicated in Urolithiasis. Dept.
of AYUSH along with its central apex body &
CCRAS have developed these formulations
according to standards mentioned in API. However
the next step was to validate its clinical efficacy in
Urolithiasis. The present study was a part of the
project of
APC (Ayurvedic
Pharmacopoeia
Committee), well known by ACTURO (Ayurveda
Clinical Trial – Urolithiasis).

Number of Cases – Total 50 cases were
selected, out of which 7 cases discontinued. Thus,
final study was conducted with 43 patients.
Diagnostic Criterias Adopted
Inclusion Criteria:
1 . Patients of either sex, of age group 18-65 years.
2. Patients having Radiological / Ultrasonological
evidence of single calculus / multiple calculi ≤10
mm each, present in kidney(s)/ ureter(s) /
urinary bladder.

Project was organized by
CCRAS
&
sponsored by Dept., of AYUSH. It was a multi
centric trial. The aim of the project was to validate
the ancient valuable Ayurvedic remedies & to
promote research activities in Ayurveda.

3. Patients who willing and able to participate in
trial upto 16 weeks.

Clinical Study –

Exclusion Criteria

Aims And Objectives

1. Patients with Urinary Tract Infection (UTI).

Aim

2. Patients having
uropathies.

To evaluate the efficacy of Palashakshara and
Pashanbheda kwatha churna inthe management of

any

type

of

obstructive
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3. Patients with known metabolic/endocrinal
disorder favoring calculus formation.

excluded.
Procedure

4. Patients with evidence of malignancy.

Permission for conduction of clinical trial and
no objection certificate from Institutional Ethical
Committee was taken.

5. Patients with poorly controlled Diabetes Mellitus
(HbA1c > 10%).
6. Patients suffering from major systemic illness
necessitating long term drug. treatment
(Rheumatoid arthritis, Psycho-Neuro-Endocrinal
disorders, etc.)

Assesment Criteria

a) Pain in flanks

b) Strangury

7 . Patients who have a past history of Atrial
Fibrillation, Coronary Artery Disease (CAD),
Acute
Coronary
Syndrome,
Myocardial
Infarction, Stroke or Severe Arrhythmia in the
last 6 months.

c) Blood in urine

d) Turbid urination

1) Subjective Criteria:

e) Interrupted stream of urinef) Urgency of urine
g) Frequency of urine

h) Burning micturition

i)

j) Vomiting

Nausea

k) Fever

8. Symptomatic patients with clinical evidence of
Heart failure.

2) Objective Criteria:
A) Size of calculus - Not > 10mm

9. Patients with poorly controlled Hypertension
(> 160/100 mm Hg)

B) No. of calculus - Single or multiple calculi
C) Site of calculus

10. Patients on prolonged ( 6 weeks) medication
with
corticosteroids,
antidepressants,
anticholinergics, etc. or any other drugs that may
have an influence on the outcome of the study.

Baseline Screening –
Screening of 50 OPD & IPD patients
irrespective of sex, presenting with urinary
complaints from our institute Hospital, were
employed. Routine Laboratory Investigations was
performed to exclude any other pathology at the
time of Baseline screening.

11. Patients with concurrent serious hepatic disorder
(defined as AspartateAmino Transferase (AST)
and / or Alanine Amino Transferase (ALT), Total
Bilirubin, Alkaline Phosphatase (ALP) > 2 times
upper normal limit) or Renal Disorders (defined
as S. Creatinine>1.2mg/dL).

A) Blood Investigations:
1) Hematology-

12. Patients with severe Pulmonary Dysfunction
(uncontrolled Bronchial Asthma and / or Chronic
Obstructive Pulmonary Disease [COPD]),
Inflammatory Bowel Disease or any other
condition that may jeopardize the study.

Haemogram
Blood Sugar Fasting
ESR

2) Biochemistry-

Blood Urea Level
Serum Uric Acid

13. Alcoholics and/or drug abusers.

Serum Creatinine

14. H/o hypersensitivity to any of the trial drugs or
their ingredients.

Liver Function Test

15. Patients who have completed participation in any
other clinical trialduring the past six (06)
months.

Serum Calcium
B) Urine Analysis:

16. Pregnant or lactating woman.

Physical –

Albumin, Sugar

1 7 . Any other condition which may jeopardize the
study according to Principal Investigator will be

C) Microscopic –
Cells, Crystals

Red Blood Cells, White Blood

Serum Lipid Profile
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D) Ultrasonography: Abdomen and pelvis.

Anupana:

Water

E) Radiological Study:

Packing form:

Plastic Jar containing 30
sachets of 25 Gms each

• Intravenous pyelography (if necessary).

Duration of therapy:

12 weeks

F) ECG

Method of Preparation:

• Plain X-ray KUB (After Preparation)

Take 1 sachet (containing
25 g of
Pashanbheda
Kwatha Churna) and add 200 ml of drinking
water. Heat on mild flame till itis reduced to
50 ml (approximate). Strain the sachet; stir the
contents & usein luke warm state.

Clinical Study –
r According to selection criteria, 50 diagnosed
patients were selected for study.
r Written informed consent was obtained from
every patient.

Observations And Results:

r Proper case history was taken according to
specially designed case proforma.

According to data out of 43 patients of
Mutrashmari, it was observed that 32 (74.4%)
patients were males and 11 (25.6%) were females.

r All Clinical findings were recorded as per case
proforma.

It was observed that Mutrashmari is
common in age group 21-40 years.

Trial Group – All 50 patients were treated
with Palasha Kshara + Pashan bheda Kwatha
Churna for a period of 84 days.

Religion wise distribution showed that 29
patients (62.5%) were Hindu, 14 patients (32.5%)
were Muslim.

Drug regimen:1. Palashaa Kshara

Maximum no. of patients werevata-pittaj
(46.5%) & then Kapha-Vata (34.9%).

(API-Part II-Vol.-I: Pg. 109-110)
Dose:

One tablet (500mg)
twice daily

Dosage form:

Tablet

Out of 43 patients, 27 patients (62.8%) were
having Vegetarian and 16 patients were (37.2%)
mixed.

Route of Administration: Oral
Time of Administration: Twice a day after food
Anupana:

Water

Packing form:

Plastic Jar containing
30 hard gelatin capsules
of 500 mg each

Duration of therapy:

12 weeks

2. Pashanbheda Kwatha Churna:
(API-Part I-Vol.-I: Pg. 120-121)
Dose:
Dosage form:

25 gm twice daily
Kwathachurna
(Coarse powder for decoction)*

Route of Administration: Oral
Time of Administration: Twice a day before food
32
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Table 1: Involved site wise distribution of calculi

Position of Calculus

No. of cases
Before trial

(%)

After trial

(%)

Calyx

28

65.11

15

34.88

Ureter

5

11.62

1

2.3

Calyx + Ureter

3

7.0

0

0

Medulla

5

11.62

2

4.65

Medulla+ureter

2

4.65

0

0

Total

43

100

16

41.83

Table 2: Involved sidewise distribution of cases
No. of cases
Before trial

(%)

After trial

(%)

Right

22

51.2

9

21.0

Left

10

23.2

6

14.0

Bilateral

11

25.6

3

7.0

Total

43

100

18

42

Table 3: State of stone after trial
No.of cases

%

Passed

25

58.14

Dislodged

7

16.28

No change

9

20.93

Passed & persisting

2

4.65

Total

43

100

Table 4: Symptom wise distribution of percentage of cases
Symptom

Percentage of cases
Before trial

After trial

Follow Up

100

6.97

2.32

0

0

0

Blood in urine

4.65

0

0

Turbid urination

2.3

0

0

6.97

2.3

0

0

0

0

Frequency of urine

16.27

2.3

0

Burning micturition

18.60

4.65

0

Nausea

11.62

0

0

Vomiting

2.3

0

Fever

4.65

0

Pain in flanks
Strangury

Interrupted stream of urine
Urgency of urine

0
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Statistical Analysis Tables:1. Subjective Parameters:
Symptoms

Pain in Flanks

Blood in urine

Turbid urination

Interrupted stream

n

43

43

43

43

of urine

Frequency of Urine

Burning micturition

Nausea

Vomiting

Fever

43

43

43

43

43

Mean

SD

SE

‘t’

‘p’

±

±

Value

value

Significance

BT

25

0

0

AT

1.744

6.444

0.927

23.664

<0.0001

E.S

FU

0.5813

3.812

0.5814

42.000

<0.0001

E.S

BT

1.1627

5.327

0.812

AT

0

0

0

1.431

0.1597

N.S.

FU

0

0

0

1.431

0.1597

N.S.

BT

0.581

3.812

0.5814

AT

0

0

0

1.000

0.3230

N.S.

FU

0

0

0

1.000

0.3230

N.S.

BT

1.7441

6.444

0.9827

AT

0.581

3.812

0.5814

1.431

0.1597

N.S.

FU

0

0

0

1.775

0.0832

Not Quite
Significant

BT

4.0697

9.339

1.424

AT

0.581

3.812

0.5814

2.610

0.0125

Significant

FU

0

0

0

2.858

0.0066

V.S.

BT

4.6511

9.844

1.501

AT

1.1627

5.327

0.812

2.610

0.0125

Significant

FU

0

0

0

3.098

0.0035

V.S.

BT

2.9069

8.109

1.237

AT

0

0

0

2.351

0.0235

Significant

FU

0

0

0

2.351

0.0235

Significant

BT

0.5813

3.812

0.5814

AT

0

0

0

1.000

0.3230

Not significant

FU

0

0

0

1.000

0.3230

Not significant

BT

1.1627

5.327

0.8124

AT

0

0

0

1.431

0.1597

not significant

FU

0

0

0

1.431

0.1597

not significant
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2. Objective parameters:Parameters

Size of calculus
No of calculus
Site of calculus

n

43
43
43

Mean

SD

SE

‘t’

‘p’

Significance

±

±

Value

value

6.930

<0.0001

E.S

5.215

<0.0001

E.S

BT

6.8767

1.837

0.2802

AT

2.5883

3.735

0.5695

BT

1.3953

0.6597

0.1006

AT

0.5348

0.9347

0.1425

BT

2.0

0

0

AT

0.6511

0.8419

0.1284

10.506

<0.0001

E.S

Mean

SD
±

SE
±

‘t’
Value

‘p’
value

Significance

3-SF-36 Health Survey Score Scales:Scales

n

Physical Functioning

43

limitation due to

43

Physical Health
Role of Limitation due

43

to Emotional Problems
Energy/ Fatigue

Emotional well being

Social Functioning

Pain

43

43

43

43

General Health

43

BT

91.3953 1 7 . 7 0 5

2.700

AT

98.0232

5.684

0.8668

2.884

0.0062

V.S.

FU

98.0232

5.684

0.8668

2.884

0.0062

V.S.

BT

86.0465 29.531

4.503

AT

58.1395 24.833

3.787

5.163

< 0.0001

E.S

FU

57.5581 24.112

3.677

5.310

< 0.0001

E.S

BT

96.8992

1.494

AT

50.3875 42.020

6.408

7.176

< 0.0001

E.S

FU

51.6279 4 0 . 7 2 7

6.211

7.286

< 0.0001

E.S

BT

66.9767 12.108

1.846

AT

77.6744

7.742

1.181

5.403

< 0.0001

E.S

FU

78.2558

8.229

1.255

6.037

< 0.0001

E.S

BT

72.8372

9.383

1.431

AT

79.0697

8.455

1.289

3.440

0.0013

V.S.

FU

80.5581

7.122

1.086

5.222

< 0.0001

E.S

BT

58.1395 15.402

2.349

AT

79.9418 12.241

1.867

6.998

< 0.0001

E.S

FU

81.3953

12.312

1.878

7.432

< 0.0001

E.S.

BT

51.8604 21.740

3.315

AT

84.9418

11.134

1.698

8.678

< 0.0001

E.S.

FU

83.3139

11.949

1.822

7.610

< 0.0001

E.S.

BT

50.8139

9.059

1.381

AT

63.2558 10.572

1.612

5.492

< 0.0001

E.S.

FU

63.4883 10.994

1.677

5.464

< 0.0001

E.S.

9.797

E.S-Extremely SignificantV.S. -Very Significant
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Discussion

Laboratory Investigations:

AGE: Mutrashmari common in between 2140 years age group5.

The pathological & bio-chemical reports of
all the patients were in normal range before & after
treatment. All the parameters of Urine examination
showed improvement in mean values which means
drugs are effectively improving urine quality.

SEX: Sex wise incidence shows that males
(74.4%) are more prone for Mutrashmari6 .
RELIGION: Higher
incidence
of
Mutrashmari was found in Hindu(67.5%) religion.

Overall Effect of therapy on the calculi:Out of 43 patients, 58.17 % patients had
dropped their stones completely after trial while
20.93% patients were still persisting their stones &
16.28% patients dislodged the calculi from the
original site. It might be due to the diuretic, analgesic
lithotripsic properties of the ingredients in
Palashakshara and Pashanbheda kwatha churna.

OCCUPATION: It was found that maximum
53.44% patients were in desk work in spite of field
work.
PRAKRITI:
Higher
incidence
of
Mutrashmari were noted in vata-pittaj Prakriti
patients.

Probable mode of action:-

DIET: Maximum Mutrashmari patients were
Vegetarian (62.8%).

The trial drugs
Palashakshara
&
Pashanbheda kwatha having the properties of
chedan,
bhedan,
lekhan,
tridoshaghan,
ashmarighna, mootrala and alkaline nature
properties. Most of these properties are of kshara.
Pashan
bheda
having
properties
of
mootravirechaniya and ashmabheda so after braking
the stone flush out through urine.

Number of stone: Maximum number of
Mutrashmari patients 67.44 % had single stone.
Site of calculus: Maximum incidence of
calculus were seen in Calyx 65.11% of patients.
Side of calculus: Maximum patients i.e.
51.2% were having right sided calculi, followed by
25.6% bilateral sided calculi and least 23.2% were on
left side before trial, which reduced to 21%, 7% and
14% in right, bilateral and left sided calculi
respectively after treatment.

Statistical view- This treatment also
convinces its effect on the ground of statistic. As
statistical tests, applied to all the assessment criteria
found extremely significant, it can be strongly
concluded that this treatment is useful in
Urolithiasis.

Overall Effect of therapy on the symptoms:According to the results, effect of therapy on
clinical features after 84th days of treatment, it can
be said that relief was observed in the signs and
symptoms i.e. pain in flank, blood in urine,
interrupted stream of urine, frequency of urine,
turbid urination, burning micturition, nausea,
vomiting & fever etc.

Conclusion
Mutrashmari is one of the most common and
painful disease of urinary diseases. Sushruta has
described the problem of Mutrashmari widely and
comprehensively during early civilization. The
concept of Mutrashmari, its etiological factors,
clinical
features,
pathology,
classification,
complications and management have been described
with both medical and surgical procedures.

Effect of therapies on SF-36 Health Survey:
All the scales of SF-36 Health Survey of life
showed the statistically significant improvement. The
trial drugs are effectively improves the physical
health & emotional problems of the patient which
improves the social functioning, reduces the body
pain, increases the energy & overall the general
health of the patient.

From the clinical trials we can reach upto
following conclusions –
l

Mutrashmari (Renal Calculus) common in
between 21-40 years age group.7
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l

Sex wise incidence shows male are more prone
for Mutrashmari.8

l

Higher incidence of Mutrashmari was found in
Hindu religion.

l

It was found that maximum 53.44% patients were
in desk workinspite of field work.

l

Higher incidence of Mutrashmari noted in vatapittaj Prakriti patients.

l

Maximum Mutrashmari patients were Vegetarian
(62.8%).

l

Maximum number of Mutrashmari patients
67.44 % had single stone.

l

Palashaa kshara and Pashanbheda kwatha
churna effective in treatment of mild grade
symptoms of Pain in flanks, burning micturition
frequency of urine. Interrupted stream of urine
during 12 week drug trial.

l

Journal of Ayurveda
The study conclude that administration of
Palashaa kshara and Pashanbheda kwatha churna
is an effective treatment modality for Mutrashmari
which overcomes the surgical intervention by easy
and painless expulsion of Ashmari.
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For further establishment of this fact, trial should
be conducted on larger sample size.

l

Maximum incidence of calculi were seen in Calyx
65.11% of patients and maximum stones (46.42%)
which were expelled from renal calyx site. Which
was statistically significant. But drugs were not
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Clinical Study
Clinical evaluation of Ksira Basti and KsiraPaka of Balya
drugs on Karshya
*Dr. Kshipra Rajoria, **Dr. Sarvesh Kumar Singh, ***Prof. Radheyshyam Sharma
Abstract
Context: Individuals who are lean and underweight are considered in Ayurveda as suffering from
Karshya that may leads to diminished immunity level. Aims: Due to more prevalence and unavailability of
the satisfactory management for Karshya in modern medicine this clinical trial has been done. Primary
objective was to treat the patients who were suffering from Karshya on the basis of classical principles of
Ayurveda with Balyamahakashaya Ksira Basti and Balyamahakashaya Ksira Paka. Settings and Design:
Open labelled randomized trial. Methods and Material: 30 patients of Karshya were selected and randomly
divided into three groups. In Group A Balyamahakashaya Ksira Paka were administered for 30 days .In
Group B Balyamahakashaya Ksira Basti were administered for 21days. In Group C combined regime of
Balyamahakashaya Ksira Paka (30 days) and Balyamaha kashaya Ksira Basti (21 days) were administered.
The criteria’s of assessment were Pipasa Asahyata (thirst intolerance) , Kshudha Asahyata (hunger
intolerance), Bharavahana Asamarthata (inability to lift weight ), Kriya Alpa Shakti (less physical activity),
Body weight, BMI, total blood protein, HB%, TLC and Anthropometric measurement of Hip and waist.
Statistical analysis used: Paired and unpaired t test were used for analysis. Results: Significant result
was found in all groups. Group-C was most effective followed by Group-B on all parameters. Conclusions:
Combined therapy of Group C is better than individual therapy.
Key-words: Balya Mahakashaya Ksira Paka, Balya Mahakashaya Ksira Basti, Emaciation Karshya,
Underweight

‚Ê⁄Ê¢‡Ê‚◊Ê¡ ◊¥ •ë¿U •ÊÁÕ¸∑§ ∞ﬂ¢ ‚Ê◊ÊÁ¡∑§ SÃ⁄ „ÙŸ¥ ∞ﬂ¢ Á∑§‚Ë ôÊÊÃ ⁄Ùª ‚ ¬ËÁ«UÃ „È∞ Á’ŸÊ ÷Ë •àÿÁœ∑§ ºÈ’∂ ¬Ã∂
∂Ùª ‚Ê◊Êãÿ M§¬ ‚ Á◊∂Ã „Ò– •ÊÿÈﬂ¸º ◊¥ ÿ„ ∑§Ê‡ÿ¸ ⁄Ùª ∑§ M§¬ ◊¥ ﬂÁáÊ¸Ã „Ò¥– •ÊÿÈﬂ¸º ◊¥ ﬂÁáÊ¸Ã ∑§Ê‡ÿ¸ÃÊ ∞∑§ ﬂÊÃ ¬˝œÊŸ
√ÿÊÁœ „Ò¥; Á¡‚∑§Ê ©¬øÊ⁄ ’ÁSÃ ∞ﬂ¢ ‚¢Ã¬¸áÊ „Ò¥– ÿ„ ÁøÁ∑§à‚∑§Ëÿ ¬˝ÿÙª ∑§Ê‡ÿ¸ÃÊ ∑§Ù ’Àÿ ◊„Ê∑§cÊÊÿ ˇÊË⁄ ’ÁSÃ ∞ﬂ¢ ’Àÿ
◊„Ê∑§cÊÊÿ ˇÊË⁄ ¬Ê∑§ ‚ ÁøÁ∑§à‚Ê ∑§⁄Ÿ ∑§ ©º˜º‡ÿ ‚ Á∑§ÿÊ ªÿÊ „Ò¥– ÁøÁ∑§à‚Ê ◊¥ ∑È§∂ ÃË‚ •ÊÃÈ⁄Ù ∑§Ù ÃËŸ ﬂªÊ¸ ◊¥ º‚º‚ ∑§⁄ ’Ê¢≈Ê ªÿÊ– ﬂª¸ • ◊¥ ’Àÿ ◊„Ê∑§cÊÊÿ ˇÊË⁄ ¬Ê∑§ 30 ÁºŸ, ﬂª¸ ’ ◊¥ ’Àÿ ◊„Ê∑§cÊÊÿ ˇÊË⁄ ’ÁSÃ 21 ÁºŸ ∑§ Á∂∞
ÃÕÊ ﬂª¸ ‚ ◊¥ ºÙŸÊ¥ ‚Áê◊Á∂Ã ÁøÁ∑§à‚Ê ºË ªÿË– •Ê∑§∂Ÿ ∑§Ê •ÊœÊ⁄ ˇÊÈœÊ, •‚sÃÊ, Á¬¬Ê‚Ê •‚sÃÊ, ÷Ê⁄ﬂ„Ÿ •‚sÃÊ,
•À¬ Á∑˝§ÿÊ ‡ÊÁÄÃ, ‡Ê⁄Ë⁄ ÷Ê⁄, ’Ë ∞◊ •Êß, ∑È§∂ ⁄ÄÃ ¬˝Ù≈ËŸ, „Ë◊ÙÇ∂ÙÁ’Ÿ, ≈Ë ∞∂ ‚Ë ∞ﬂ¢ ∑§◊⁄ ÁŸÃê’ ∑§ ◊Ê¬ Õ– ﬂª¸
• ◊¥ •Êé¡ÁÄ≈Uﬂ ∂ˇÊáÊ ∞ﬂ¢ ﬂª¸ ’ ◊¥ ‚é¡ÁÄ≈Uﬂ ∂ˇÊáÊÊ¥ ¬⁄ ÖÿÊºÊ ¬˝÷Êﬂ Á◊∂Ê– ﬂª¸ ‚ ◊¥ ˇÊË⁄ ’ÁSÃ ∞ﬂ¢ ’Àÿ ◊„Ê∑§cÊÊÿ
ˇÊË⁄ ¬Ê∑§ ∑§ ‚Áê◊Á∂Ã ¬˝÷Êﬂ ∑§ ∑§Ê⁄áÊ •Áœ∑§Ã◊˜ ÁøÁ∑§à‚∑§Ëÿ ¬˝÷Êﬂ ¬˝Ê# „È•Ê–

*Lecturer, S.S.S.B. Ayurvedic College and Hospital,
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Clinical Study
Clinical evaluation of Ksira Basti and KsiraPaka of Balya
drugs on Karshya
Dr. Kshipra Rajoria, Dr. Sarvesh Kumar Singh, Prof. Radheyshyam Sharma
Introduction:

disorder because most etiological factors of this
disease are the aggravator of Vata Dosha. In this trial
work Basti in the form of Balyamahakashaya
KsiraBasti
and Santarpna
in the form of
Balyamahakashaya Ksira Paka (both Ksira Basti and
Ksira Paka were kalpita yoga based on classical
principle of treatment of Karshya) were taken into
the consideration for the treatment of Karshyata as
line of management for Vata predominant disorders
are Basti and Santarpna (~to treat nutritional
deficiency) treatment.

Suskha Sphika, Udara, Griva (emaciation of
hip, abdomen and neck region), Dhamini Jala
Santata
(visible
veins
on
the
body),
Twakasthishestha (skin and bones are the only
visible residual part of body), Sthoola Parva (the
joint are more prominent on extremities due to
emaciation) are the signs and symptoms of Karshya
as described by Acharaya Charaka. [1] Intolerance of
hunger, thirst, cold, heat, wind and rain, inability to
lifting the weight, less physical activities, likely to
suffer from Vata diseases and Death after suffering
from any one of
Dysponea, cough, Sosha
(tuberculosis), splenic and heapatic enlargement,
Agnimandhaya(diminished digestive power), Gulma
and Raktapitta (various bleeding disorders) diseases
are sign and symptoms described by Acharya
Sushruta.[2] These signs and symptoms of Karshya
can be correlated with emaciation. Every young
person in society wants to have good physical body
structure in the present scenario. Nobody wants to
be seen excessive lean or obese. Emaciation
increases the risk of infection and infectious disease.
There are changes in body which are most evident
in the gastrointestinal tract, skin, blood cells, and
nervous system as indigestion, malabsorption, skin
lesions, anaemia, or neurologic and behavior
changes. The loss of immune function that
accompanies severe malnutrition is of special
concern. Thus due to unavailability of the
satisfactory management and to find out more
effective and safe therapy for Karshya, this was
selected for the research work. In modern science
the etiology of weight loss may not be found in about
25% of weight loosing or underweight patients,
despite extensive testing.[3] This type of the patients
whose etiology is not found is taken into
consideration in Ayurvedic texts as a Swatantra
Karshya Vyadhi (primary emaciation illness) or
Prakrita or Swabhavika Karshyata. In Ayurveda
Karshyata is considered as a Vata predominance

Material and Methods:
Study design and patient selection - The
30 patients, those who were satisfactory fulfilling the
inclusion criteria for Karshya were selected and
randomly placed in three groups of 10 patients each
from O.P.D. and I.P.D. wing of P.G. Department of
Panchkarma, National Institute of Ayurveda Jaipur.
An elaborative case taking proforma was
specially designed for the purpose of incorporating
all aspects of the disease in the Ayurvedic and
modern parlance.
Inclusion criteria –
a) Patients of either sex between the age of 15 years
and 35 years.
b) Patients with BMI more than 13 and less than
18.5 Kg/m2
c) Patients without Anorexia, with apparently
normal appetite and digestive capacity.
d) Patients without any systemic diseases.
Exclusion criteria
a) Patient suffering from Abdominal pain triggered
by food intake: pancreatitis, intestinal ischemia
b) Patients with impaired transit of diet, e.g., benign
or malignant esophageal, gastric, or intestinal
obstruction
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c) Patients with Intestinal malabsorption of dietary
constituents, e.g., celiac disease

Group A: In10 registered patients
Balyamahakashaya KsiraPaka was administered for
30 days.

d) Patients with Acute trauma, e.g., accident,
burns, major surgery

Group B:
In10 registered patients
Balyamahakashaya KsiraBasti was administered for
21 days.

e) Patients with Increased energy demands, e.g.,
chronic obstructive pulmonary disease
f)

Group C: In10 registered patients combined
regime of Balyamahakashaya Ksira Paka (30 days)
and Balyamahakashaya Ksira Basti (21days) were
administered.

Patients
with Abnormal metabolism and
decreased biliary digestion, e.g., chronic liver
disease

g) Patients with Protein-losing enteropathy and
chronic inflammation, e.g., Crohn’s disease,
ulcerative colitis

Ingredient of BalyamahakashayaBrahmi (Bacopa monnieri (L.)PENNELL),
Kapikacchu (Mucuna prurita HOOK), Shatavari
(Asparagus racemosus WILLD), Mashaparni
(Teramnus labialis (L.F.) SPRENG), Vidarikanda
(Pueraria tuberose (ROXB. EX. WILLD.)DC.),
Ashwagandha (Withania somnifera DUNAL),
Salaparni (Desmodium gangeticum (L.)DC.), Katuki
(Picrorhiza kurroa ROYLE EX BENTH) Bala (Sida
rhombifolia L.) and Atibala (Abutilon indicum
(L.)SWEET) each drugs in equal parts. [4]

h) Alcoholic Patients
i)

Pregnant and lactating women

InvestigationPhysical
examination
with
weight
determination and documentation of vital signs, The
skin, oral thrush or dental disease, thyroid gland
enlargement, adenopathy, and respiratory or cardiac
abnormalities and a detailed examination of the
abdomen, Rectal examination, including prostate
examination and testing of stool for occult blood in
men; pelvic examination in all women, Psychological
examination for mental status assessment [based on
Mini Mental State Examination (MMSE) scale] and
screening for depression [based on Hamilton’s
depression rating scale] were done. Routine
hematological (complete blood count with
differential, serum chemistry tests including glucose,
renal and liver tests), urine and stool examination
were carried out before the treatment to assess the
general health. These tests were done to rule out the
patients of exclusion criteria.

Process of Basti administration
Purva Karma (preparatory phase)
A. Preparation of the patients
1. Local
Abhyanga (massage) with
Dashmoola oil on lumbo sacral region, inguinal
region and lower abdomen was administered in each
patient.
2. Local Nadi Swedana (hot fomentation by
tube) with Dashmoola vapours on lumbo sacral
region, inguinal region and lower abdomen was
administered.
B. Preparation of Balyamahakashaya Ksira
Basti

Ethical clearance
Institutional Ethical Committee of N.I.A.
Jaipur approved the design of the study. Written
consents were taken from each patient willing to
participate before the start of the trial.

Balyamahakashaya Ksira Basti was a Kalpita
yoga. For preparation of each Ksira Basti, the
Balyamahakashaya Yavkuta churna (coarse
powder) were taken in 125 grams to prepare the
decoction, in 16 times of water (2 liters).The
prepared decoction was approximately 500ml. After
making the decoction, 500 ml of milk was added in
it and again boiled, till the quantity of milk was
remained. Then 15 grams of guda (jaggery) were

Study medication procedures and dosage
The selected patients were placed in each
group by simple randomization method and studied
under following three groups:
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taken in separate vessels and was mixed with warm
water to form uniform solution, separately 50ml of
tila taila (sesame oil) and 50ml of ghrita was heated
to remove the Amata Dosha.

KsiraPaka was filtered, 10 grams Jaggery was added
and then it was administered to the patient.
Drug dose – The dose was 100ml twice a
day for 30 days. [6]

A porcelain pestle and mortar was taken, in
which jaggery was mixed with 5 grams of rock salt
then Tila (Sesamum indicum L.) oil and ghrita was
also added to it with continuous mixing. At last
KsiraPaka was added and stirred well. Thus the total
quantity of 620 ml of Balyamahakashaya Ksira Basti
was prepared for the administration to each patient
for each day.

Diet and restrictions - In all the groups,
no special diets were recommended. Patients were
kept on their routine diet in home and in routine
hospital light diet when they were admitted.
Follow up period- once in 15 days for 2
months after completion of trial.
Criteria for Assessment of outcome The improvement in the patients were assessed on
the basis of subjective and objective criteria’s.

Method of administration Patients were advised to lie down in left
lateral position with their left leg stretched out, while
the right leg flexed at knee and held near abdomen.
Lubrication was done to the anus of patient and
distal end of Bastinetra. The other end of Bastinetra
(nozzle) was attached to the polythene bags and
which was already filled with the 620 ml of drugs of
Balyamahakashaya Ksira Basti. Then the Bastinetra
was introduced slowly and steadily parallel to the
vertebral column and the polythene bags was
squeezed with appropriate pressure to facilitate the
entry of Basti at once. With some part of Basti Dravya
residing in the polythene bags, the Bastinetra was
gently removed.

Scoring patternSubjective criteriaPipasa Asahyata (thirst intolerance)

Paschat Karma (post Basti procedures) - The
buttocks and soles were gently tapped for proper
distribution of basti and patient was asked to relax
in supine position. After some time, they were
allowed to go with the advice to make a note on
retention time. The patients were also advised to
take bath with lukewarm water after complete
Pratyagamana (evacuation) of basti.

Preparation of
administration -

Ksira

Paka

- 0

Ø

Unable to tolerate thirst for
more than 30 minutes

- 1

Ø

Unable to tolerate thirst for
more than 10 minutes

- 2

Ø

Unable to tolerate thirst

- 3

Ø

Can tolerate hunger for more
than 1 hrs

- 0

Ø

Unable to tolerate hunger for
more than 1 hrs

- 1

Ø

Unable to tolerate hunger for
more than 30 minutes

–2

Ø

Unable to tolerate hunger

- 3

Bharavahana Asamarthata (inability to lift
weight)

21 Days
for

Can tolerate thirst for more than
30 minutes

Kshudha Asahyata (hunger intolerance)

Drug dose - The dose of Balyamahakashaya
Ksira Basti was 620 ml/day (Kalpita dose as like
Sataprasritc Basti).[5]
Duration of clinical trial of basti -

Ø

oral

For preparation of each KsiraPaka 10 grams
of Balyamahakashaya powder was added to 320 ml
of water and 80 ml of milk then the above mixture
was boiled till the milk was left, then the prepared

Ø

Can lift 10 kg wt

and Climb 20 steps

- 1

Ø

Can lift 10 kg wt

and walk 100 metres

- 2

Ø

Can lift 10 kg wt

- 3

Ø

Unable to lift 10 kg wt

- 4
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[Table No.7-8] In Body weight and in BMI
parameters – All the three groups were having equal
efficacy. [Table No.9], [Table No.10] In total blood
protein - Group A was more effective than Group B.
Group C was most effective in this parameter. [Table
No.11] In Hb% parameter- Group A was equally
effective as Group B and Group C. Group C was more
effective than Group B on this parameter. [Table
No.12] In TLC –Group A and Group C were equally
effective but both groups were more effective than
Group B. [Table No.13] In Anthropometric
measurement of Hip-Group C was most effective while
Group B was more effective than Group A. [Table No.
14] In Anthropometric measurement of WaistGroup C was most effective while Group A was more
effective than Group B. [Table No.15] So from the
result it was clear that the combined group (Group
C) was most effective on many parameters followed
by Basti group (Group B).

Kriya Alpa Shakti (less physical activity)
Ø

Able to do any physical activity

- 0

Ø

Able to do physical Activity but for
relatively less duration

- 1

Ø

Unable to do heavy physical Activity

- 2

Ø

Unable to do Slight heavy
physical Activity

–3

Ø

Unable to do Daily routine Activity

- 4

Objective criteria
Ø

Increase in Body weight

Ø

Increase in BMI

Ø

Increase in total blood protein.

Ø

Increase in HB%

Ø

Increase in TLC

Ø

Anthropometric measurement of Hip and waist

Statistical analysis:

Discussion:

Statistically in terms of mean score (X),
Standard deviation (S.D.), Standard Error (S.E.).
Paired and unpaired t test was carried out at the level
of 0.1, 0.05, 0.01, and 0.001 of P levels. The results
were interpreted as – P>0.05 as Non significant
(N.S.), P< 0.05 as Significant (S.).

Karshya is considered in Ayurveda as a
Swatantra (primary disorder) as well as Partantra
Vyadhis (secondary disorder). As causative factors,
signs and symptoms and treatment of Karshya are
clearly mentioned and Karshyata is also found as
prodromal symptoms, signs and complication of
other diseases it can be stated that Karshya is
described as primary as well as secondary disorders
in Ayurveda.

Result:
Results obtained in all three groups were
significant. The percentage relief of all signs and
symptoms were most in the combined groups (Group
C). The percentage reliefs of Objective parameters
were more in KsiraPaka of Balya Mahakashaya
(Group A) than Balya Mahakashaya Ksira Basti
(Group B). Subjective parameters such as body
weight, BMI, Hb%, Anthropometric measurement of
Hip, blood protein and TLC, percentage relief were
more in Balya Mahakashaya Ksira Basti (Group B)
than Ksira Paka of Balya Mahakashaya (Group A).
[Table No. 4]

Due to Kshaya (depletion) of Rasa and
Raktaadi Dhatu (micronutrients, tissues and other
essentials of body), Sharira Bala and Prana Shakti
(the strength and vitality of body) decreases. In this
state the Doshas (three humors of body), Dhatu,
Mala (excretory product), Agni (digestive power and
conversion function of liver) are not in natural
proportion, thus the individual could not be called
healthy. So
Karshya
is considered as a
disease.Although Krishata is a disease that are due
to many causative factors but Prakrit or Swabhavik
(natural) Krishata is also there. There is no
pathology found in some conditions. These
conditions are –Vata Prakriti, Krisha Deha, Garbhini
Awastha (pregnancy), Vriddhaawasatha (old age),
Kala (time), and Jangal Desha (dry and desert
places).

On comparison of the effectiveness of three
Groups it was found that in Pipasa Asahyata-Group
B was more effective than Group A while other
groups were equally effective. [Table No.5] In
Kshudha Asahyata- Group C was most effective.
Group B and Group A were equally effective [Table
No.6] In Bharavahana Asamarthata and Kriya
AlpaShakti- Group C was most effective. Group B was
more effective than Group A in these parameters.

According to Ayurveda the Brimhana
Chikitsa (anabolic therapy), use of Dhatu Pustikara
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all the seven
Dhatu [especially
Brahmi,
Ashwagandha, Salaparni,
Shatavari
and
Vidarikanda as these are considered as Rasayan] yet
these drugs have specific action on specific Dhatu
level.[11,12,13] Shatavari and Vidarikanda has specific
action on Rasa Dhatu (micronutrients and essentials
elements) and correct nutritional deficiency at this
level. Salaparni has specific action on Mansa Dhatu
(muscular tissues). Bala and Atibala have specific
action on
Meda Dhatu (adipose tissue). [14]
Mashaparni and Ashwagandha have specific action
on Asthi Dhatu (bone tissue). [15] Brahmi and
Shatavari have specific action on Majja Dhatu (bone
marrow tissue). Kapikacchu has specific action on
Sukra Dhatu. [16] These drugs also have phytosteroids,
potassium nitrate, Chloride, Magnesium Phosphate,
Calcium, Carbonate alkaloids, ephedrine, Starch,
Glucose, and Amino Acids etc that have anabolic
activities. Katuki has specific action on Jatharagni
(digestive power) and Bhutagni (various liver
functions).[17]

(nutritional), Balya (strength giving), Brimhaniya
(anabolic), Jeevaniya (vitalizing) diet and drugs are
the treatment of Karshya. Some Manasika Bhavas
(psychological factors) are also playing important
role in anabolism of body. [7, 8]
In modern science,
Karshya can be
considered as emaciation (the state of being
extremely lean) which is not considered as a primary
disease. It is considered as a secondary disease. In
modern science the cause of involuntary weight loss
(Karshya) is found in most cases. Careful history and
physical examination, in association with diagnostic
testing may identify the cause of weight loss and
underweight in 75% of patients. [3] The etiology of
weight loss will not be found in the remaining
patients, despite extensive testing. Patients with
negative evaluations tend to have lower mortality
rates than those found to have organic disease. These
types of the remaining patients are also taken into
consideration in Ayurvedic texts as Swatantra
Karshya Vyadhi (primary emaciation disease) or
Prakrit or Swabhavik Krishata.

In Balyamahakashaya KsiraPaka, drugs
were processed in milk and by this method these
drugs also get the Dhatu Pustikara, Balya,
Brimhaniya and Jeevaniya qualities of milk. [18]

Causes of emaciation (weight loss) include
decreased food intake, malabsorption, loss of
calories, and increased energy requirements. Food
intake may be influenced by a wide variety of visual,
olfactory, and gustatory stimuli as well as by genetic,
psychological, and social factors. Absorption may be
impaired because of pancreatic insufficiency,
cholestasis, celiac sprue, intestinal tumors, radiation
injury, inflammatory bowel disease, infection, or
medication effect. These disease processes may
manifest as changes in stool frequency and
consistency. Calories may also be lost due to
vomiting or diarrhea, glucosuria in diabetes mellitus,
or fistulous drainage. Energy expenditure decreases
with age and can be affected by thyroid status.
Beginning at about age 60 yrs, body weight declines
by an average of 0.5% per year. Body composition
is also affected by aging; adipose tissue increases and
lean muscle mass decreases with age.

Balyamahakashaya Ksira Basti is a
modification of Yapana Basti. [19] This type of Basti
can be given in any time. Yapana Basti has the effect
of Sadhyobalajanan (improves the strength quickly)
and Rasayan (rejuvenation). It also has the specific
effect on Sukra Mansa and Rakta Dhatu. The Basti
acts on Samana Vayu which is responsible for Agni
Sandhukhsana (improving digestive power) and
Sarakittavibhajana (separation of nutritious and
waste product) and by this it nourishes the Rasa
Dhatu. Basti Drugs have influence on intestinal flora
therefore increases production of vitamin B12 and
vitamin K which are one of the factors participating
in the formation of Rakta Dhatu (blood). Basti act on
Purishadharakala and Pittadharakala which is also
considered as Asthidharakala and Majjadharakala
by Dalhana [20] and by this it nourishes the Asthi and
Majja Dhatus. Various lipids and lipid soluble
products in Basti have effect on Mansa and Meda
Dhatu. Sushruta has mentioned that from 4th to 9th
Basti has the effect on Rasa to Majja Dhatu. [21] Basti
has Srotoshodhana (purification of micro channels)
properties. [22]Due to the use of unwholesome diet,

On the basis of pharmacological action and
properties of drugs it can be said that
Balyamahakashaya drugs have specific action on
different
Dhatus level such as
Brahmi and
Ashwagandha act on psychological factors and
mental stress. [9,10] Though all the drugs of
Balyamahakashaya group have properties to act on
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Kostha that were due to the deranged Apana Vayu
and were having Avar Ahara, Abhyavaharana
Shakti and Jarana Shakti which were due to
Agnimandhya. So the result of Basti and combined
groups were more because of the action of basti on
Saman and Apana Vayu. The dominance of Vatik
and Rajasika Prakriti (constitutional built) suggests
that Vata plays a major role in the manifestation of
the disease. Thus Basti and combined groups were
more effective. Positive family histories were also
found which supported the fact on constitutional lean
built.

with the length of time, leads to clogging of the micro
channels present in GIT that absorb Rasa Dhatu.
Furthermore due to stagnation, these Mala get
reabsorbed in the body. These reabsorbed Mala
produce various ailments. Basti radically removes
these entire Mala factor from the intestines and thus
cures the Karshya disease. Formation of any
element in body depends upon unimpeded micro
channels, Dhatvagni and Vayu if nourishing factors
are properly provided. [23]Many of the drugs used in
Balyamahakashaya Ksira Basti like Ghee, jaggery,
Tila oil and milk are diet products. Thus, these are
Sahaja Satmya (wholesome) and do not act
adversely. Being diet products these drugs possess
the most important
Pranadharana (to keep
continuity of life and immunity) quality. These drugs
have the nourishing factors for Dhatus in the form
of milk, jaggery, Ghee and certain drugs like Bala,
Atibala, and Salparni etc. Many of Kwatha
(decoction) drugs possess Srotoshodhana property.
Thus the Balyamahakashaya Ksira Basti has all the
qualities which are essential for the Brimhana
treatment such as
Dhatu Pustikara, Balya,
Brimhaniya, Jeevaniya diet and drugs which have
specific action on psychological factors. Thus Janana
(formation of body elements) and Brihman property
of Yapana Basti is due to purification of micro
channels and nourishing substances used in it. So
Balyamahakashaya when used in Ksira Basti form is
also have an additional effect of Basti Karma and
treat Karshya by working on Srotas, Dhatvagni and
Vayu. It is stated that all Yapana Bastis can
adversely suppress Agni if administered for long
time and it can produce complication as edema,
anemia, pain, fever, diarrhea and Parikartika
(fissure). [24] Acharya Sushruta has mentioned that 18
Basti should be administered to act on the Sukra
Dhatu. [25] In this trial Yapana Basti was given for 21
days.

After analyzing the result it was clear that the
combined group (Group C) was most effective on
maximum parameters followed by Basti group
(Group B) which indicate the additional effect of Basti
Karma on Karshya disease. On the completion of
follow up study it was found that the recurrence of
symptoms were minimum in combined group (Group
C) and Basti group (Group B) which further indicates
the additional effect of Basti Karma. [Table No.16]
In this clinical trial Basti was used in Yapana form
which also had the effect of Rasayan and Vajikaran
(aphrodisiac) to treat Karshyata. Only providing
good nutrition is not sufficient remedy for Karshya
patients. To treat these patients Ayurvedic classical
principle are necessary. These findings proves that
Santarpna in the form of KsiraPaka and Basti Karma
treatment are very good remedy for the patient
suffering from Karshya disease as indicated in
classical text. [26] This open study was done at one
centre and sample size was 30 patients with 10
patients in each group. For further study in future,
trial should be done on multicentre and on large
sample size for minimization of effect of Desha and
Prakriti on the treatment of Karshya. This was an
important study because no such study was done or
published to treat Karshya disease on the principle
mentioned in classical texts of Ayurveda.

In this clinical trial no drop out cases were
noted from any groups during the trial. From the
demographic data it is evident that maximum
patients were anxious followed by irritated and
depressed mood and having Avara Satva were said
to be more prone to mental stress. Balyamahakashaya drugs had effect on Karshya by action on
psychological factors and mental stress. It was also
seen that maximum patients were having Krura

Conclusion
Combination of Ksira Paka and Ksira Basti
therapy in Karshya is better than individual therapy
with Ksira Paka therapy or Ksira Basti Therapy. The
observed effect may be due to the synergistic effect
of Ksira Paka and Ksira Basti.
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Table No.1: Effect of trial on objective bio-chemical & subjective parameters of group A
Symptoms

n

Mean
BT

AT

Diff.

%

SD

SE

t

p

Change

±

±

Value

value

Pipasa Asahayata

10

2.70

1.30

1.40

51.85

0.48

0.15

9.09

<.001

Kshudha Asahayata

10

2.80

1.40

1.50

53.57

0.55

0.17

8.52

<.001

Bharavahan Asamarthata

10

3.50

1.70

1.80

51.42

0.50

0.16

11.18

<.001

Kriya Alpa Shakti

10

3.70

2.60

1.20

32.43

0.40

0.12

9.52

<.001

Body weight

10

42.5

47.6

5.1

12.00

1.65

0.52

9.76

<.001

BMI Kg/m2

10

15.51

17.48

1.90

12.25

0.65

0.20

9.47

<.001

Total Blood Protein

10

6.55

7.81

1.26

19.23

0.36

0.11

11.05

<.001

HB%

10

11.10

12.87

1.77

15.94

0.62

0.19

9.03

<.001

TLC

10

6110

8210

2100

34.36

26.50

8.30

253.00

<.001

Hip Circumference

10

77.80

87.00

9.20

11.82

2.97

0.93

9.79

<.001

Waist Circumference

10

62.00

68.60

6.70

10.80

2.43

0.77

8.70

<.001

N = numbers of patients, B.T. =before treatment, A.T. =after treatment, S.D. = standard deviation, S.E. =
standard error, t=student test value, p = probability, > = greater than, < = smaller than
Table No. 2: Effect of trial on objective bio-chemical & subjective parameters of group B
Symptoms

n

Mean
BT

AT

Diff.

%

SD

SE

t

p

Change

±

±

Value

value

Pipasa Asahayata

10

2.90

0.40

2.20

75.86

0.74

0.23

9.32

<.001

Kshudha Asahayata

10

2.40

1.20

1.30

54.16

0.47

0.15

8.57

<.001

Bharavahan Asamarthata

10

3.80

1.40

2.40

63.15

0.87

0.27

8.72

<.001

Kriya AlpaShakti

10

3.80

1.70

2.10

55.26

0.70

0.22

9.50

<.001

Body weight

10

42

46.9

4.9

11.66

1.28

0.40

12.06

<.001

BMI Kg/m2

10

15.28

17.08

1.80

11.78

0.59

0.18

9.62

<.001

Total Blood Protein

10

6.88

7.91

1.03

14.97

0.33

0.10

9.90

<.001

HB%

10

11.4

12.90

1.51

13.24

0.55

0.17

8.67

<.001

TLC

10

6090

7460

1370

22.49

20.25

6.40

214.00

<.001

Hip Circumference

10

78.70

88.30

9.60

12.19

3.11

0.98

9.74

<.001

Waist Circumference

10

61.6

68.2

6.60

10.71

2.28

0.72

9.15

<.001

N = numbers of patients, B.T. =before treatment, A.T. =after treatment, S.D. = standard deviation, S.E. =
standard error, t=student test value, p = probability, > = greater than, < = smaller than
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Table No. 3: Effect of trial on objective bio-chemical & subjective parameters of group C
Symptoms

n

Mean
BT

AT

Diff.

%

SD

SE

t

p

Change

±

±

Value

value

Pipasa Asahayata

10

2.50

0.40

2.10

84.00

0.70

0.22

9.48

<.001

Kshudha Asahayata

10

2.80

0.50

2.30

82.14

0.77

0.23

9.82

<.001

Bharavahan Asamarthata

10

3.80

1.00

2.80

73.68

0.91

0.28

9.68

<.001

Kriya AlpaShakti

10

3.60

0.80

2.80

77.77

0.94

0.300

9.33

<.001

Body weight

10

41.5

47.1

5.6

13.40

1.33

0.42

13.24

<.001

BMI Kg/m2

10

15.39

17.45

2.06

13.44

0.67

0.211

9.76

<.001

Total Blood Protein

10

6.47

7.72

1.31

20.24

0.36

0.11

11.39

<.001

HB%

10

10.30

12.50

2.17

21.06

0.72

0.22

9.51

<.001

TLC

10

5960

8330

2370

39.76

27.94

8.83

268.40

<.001

Hip Circumference

10

72.40

92.10

12.10

16.71

3.94

1.24

9.71

<.001

Waist Circumference

10

59.2

66.40

7.20

12.61

2.29

0.72

9.93

<.001

N = numbers of patients, B.T. =before treatment, A.T. =after treatment, S.D. = standard deviation, S.E. =
standard error, t=student test value, p = probability, > = greater than, < = smaller than
Table No. 4: Comparative study of results in all the groups
Cardinal Sign & Symptoms

Result in percentage
Group A

Group B

Group C

Pipasa Asahayata

51.85

75.86

84.00

Kshudha Asahayata

53.57

54.16

82.14

Bharavahan Asamarthata

51.42

63.15

73.68

Kriya Alpa Shakti

32.43

55.26

77.77

Body weight

12.00

11.66

13.40

BMI Kg/m2

12.25

11.78

13.44

Total Blood Protein

19.23

14.97

20.24

HB%

15.94

13.24

21.06

TLC

34.36

22.49

39.76

Hip Circumference

11.82

12.19

16.71

Waist Circumference

10.80

10.71

12.61
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Table No.[5-15] Comparision ofeffects of intergroups on various signs and symptoms by using
unpaired T testTable no.5 Pipasa Asahayata (thirst intolerance)
Groups

S.D.

S.E.

t

p value

C:A

0.060

0.026

33.50

<.001

C:B

0.050

0.026

0.00

0 .00

B:A

0.060

0.026

33.50

<.001

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > = greater
than, < = smaller than
Table no.6 Kshudha Asahayata (hunger intolerance)
Groups

S.D.

S.E.

t

p value

C:A

0.195

0.087

10.28

<.001

C:B

0.192

0.0977

7.164

<.001

B:A

0.218

0.097

2.06

>.05

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > = greater
than, < = smaller than
Table no.7 Bharavahan Asamarthata (inability to lift weight)
Groups

S.D.

S.E.

t

p value

B:A

0.076

0.03414

8.787

<.001

C:A

0.067

0.029

23.344

<.001

C:B

0.0760

0.0341

11.71

<.001

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > = greater
than, < = smaller than
Table no.8 Kriya Alpa Shakti ( less physical activity)
Groups

S.D.

S.E.

t

p value

B:A

0.068

0.0307

29.31

<.001

C:A

0.057

0.0258

69.76

<.001

C:B

0.073

0.0307

29.31

<.001

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > = greater
than, < = smaller than
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Table no.9 Body weight

Groups

S.D.

S.E.

t

p value

A:B

1.522

0.680

1.02

>.05

C:A

1.52

0.683

0.73

>.05

C:B

1.56

0.683

0.29

>.05

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > = greater
than, < = smaller than
Table no.10 Basal metabolic index
Groups

S.D.

S.E.

t

p value

A:B

0.349

0.1562

2.5691

>.05

C:A

0.356

0.1595

0.1880

>.05

C:B

0.3814

0.1705

2.170

>.05

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > = greater
than, < = smaller than
Table no.11 Total Blood Protein
Groups

S.D.

S.E.

t

p value

A:B

0.01329

0.0059

16.8312

<.001

C:A

0.019791

0.008846

3.391216

<.001

C:B

0.015

0.005941

21.88056

<.001

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > = greater
than, < = smaller than
Table no.12 Haemoglobin percent
Groups

S.D.

S.E.

t

p value

A:B

0.3100

0.138

0.261

>.05

C:A

0.317

0.141

2.61

>.05

C:B

0.159

0.138

2.88

<.01

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > = greater
than, < = smaller than
Table no.13 Total leucocytes count
Groups

S.D.

S.E.

t

p value

A:B

283.36

126.66

5.92

<.001

C:A

198.74

88.83

1.35

>.05

C:B

257.60

126.66

6.86

<.001

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > = greater
than, < = smaller than
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Table no.14

Groups

Anthropometric measurement of Hip
S.D.

S.E.

t

p value

B:A

0.354

0.158

8.20

<.001

C:A

0.363

0.162

31.3

<.001

C:B

0.421

0.158

23.9

<.001

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > = greater
than, < = smaller than
Table no.15 Anthropometric measurement of waist
Groups

S.D.

S.E.

t

p value

A:B

0.548

0.245

1.63

<.001

C:A

0.528

0.236

9.31

<.001

C:B

0.520

0.245

7.34

<.001

S.D. = standard deviation, S.E. = standard error, p = probability, t=student test value, : = verses, > =
greater than, < = smaller than
Table no.16: Recurrence of symptoms during follow up (two months)
Follow up

No of patients
Group A

Group B

Group C

Total

Percent

Recurrence

3

2

0

5

16.67

No Recurrence

7

8

10

25
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Clinical Study
Clinical Evaluation On The Effect Of Lodhradi Churna And
Ksheera Valkala Kwath In The Management Of Dantaveshta
W.S.R. To Pyorrhoea
*Dr. Devendra Singh, **Dr. Gulab Chand Pamnani, ***Dr. Ajay Kumar Sharma
AbstractIn Ayurveda the diseases of the oral cavity has been mentioned in Sushruta Samhita in a systemic
way under the title of ‘Mukharoga’. Acharya Sushruta has described the disease ‘Dantaveshta’ under the
caption of ‘Dantamulagata Roga’. Sushruta has told that vitiated Raktadosa gets accumulate in Dantaveshta
(gums) and gives rise to Raktamishrita Puyasrava (blood mixed purulent discharge) from gums and loosening
of teeth.
‘Dantaveshta’ can be compared with ‘Pyorrhoea which is presently known as ‘Periodontitis ’. Poor
oral hygiene is the most common cause of periodontal disease. Besides microbial plaque, calculus, food
compactions are also causative factors of periodontal disease.
Incidence of Dantaveshta is increasing day by day in our society due to altered life style, unhealthy
practices like tobacco chewing, junk food intake etc.
The present study shows highly significant reduction in the puyasrawa, Raktasrawa, Dantshula,
Daurghandhya, Krishnata and Chaladanta with the application of Lodhradi Churna Pratisarana & Ksheera
Valakala Kwath Gandusha.
Key words: Dantaveshta, Pyorrhoea, Lodhradi Churna Pratisarana & Ksheera Valakala Kwath Gandusha.

‚Ê⁄UÊ¥‡Ê•ÊÿÈﬂ¸Œ ◊¥ ◊ÈπªÈ„ÊªÃ ⁄UÊªÊ¥ ∑§Ê ﬂáÊ¸Ÿ ‚ÈüÊÈÃ ‚¥Á„ÃÊ•Ê¥ ◊¥ ◊Èπ ⁄UÊª ‡ÊË·¸∑§ ∑§ •ãÃª¸Ã ∑˝§◊’h M§¬ ‚ Á∑§ÿÊ ªÿÊ
„Ò– •ÊøÊÿ¸ ‚ÈüÊÈÃ Ÿ ŒãÃﬂC ∑§Ê ŒãÃ ◊Í‹ ªÃ ⁄UÊªÊ¥ ∑§ •ãÃª¸Ã ﬂÁáÊ¸Ã Á∑§ÿÊ „Ò– ‚ÈüÊÈÃ Ÿ ∑§„Ê „Ò Á∑§ ŒÍÁ·Ã ⁄UQ§ ŒÊ· ◊‚Í«∏Ê¥
◊¥ ∞∑§òÊ „Ê∑§⁄U ⁄UQ§ Á◊ÁüÊÃ ¬Íÿ ∑§Ê dÊﬂ ∑§⁄UÃ „Ò •ÊÒ⁄U ŒÊ°Ã Áª⁄U ¡ÊÃ „Ò–
ŒãÃ ﬂC ∑§Ë ÃÈ‹ŸÊ ¬ÊÿÁ⁄UÿÊ ‚ ∑§Ë ¡Ê ‚∑§ÃË „Ò– Á¡‚ ﬂÃ¸◊ÊŸ ◊¥ ¬Á⁄U•Ê«Uã≈UÊßÁ≈U‚ ‚ ¡ÊŸÊ ¡ÊÃÊ „Ò ¬Á⁄U•Ê«Uã≈U‹
⁄UÊª ∑§Ê ◊ÈÅÿ ∑§Ê⁄UáÊ ◊Èπ ªÃ Sﬂë¿UÃÊ ∑§Ë ∑§◊Ë „Ò– ß‚∑§ ‚ÊÕ-‚ÊÕ ◊Êß∑˝§ÊÁ’∞‹å‹ª, ∑Ò§À∑È§‹‚, ÷Ê¡Ÿ ∑§Ê ◊Èπ ◊¥ »°§‚ŸÊ
÷Ë ß‚ ⁄UÊª ∑§ ∑§Ê⁄UáÊ „Ò–
¬Á⁄UﬂÁÃ¸Ã ¡ËﬂŸ ‡ÊÒ‹Ë, •SﬂÊSâÿ ¡Ÿ∑§ Á∑˝§ÿÊ∞° ¡Ò‚ Ãê’Ê∑Í§ ‚ﬂŸ, •SﬂÊSÕ∑§⁄U ÷Ê¡Ÿ ∑§ ‚ﬂŸ ∑§ ∑§Ê⁄UáÊ ŒãÃ
ﬂC ⁄UÊª „◊Ê⁄U ‚◊Ê¡ ◊¥ ÁŒŸ ¬˝ÁÃ ÁŒŸ ’…∏ÃÊ ¡Ê ⁄U„Ê „Ò–
¬˝SÃÈÃ ‡ÊÊœ ∑§Êÿ¸ ◊¥ ß‚ √ÿÊÁœ ∑§ ¬˝◊Èπ ‹ˇÊáÊ ¡Ò‚ ¬Íÿ dÊﬂ, ⁄UQ§dÊﬂ, ŒãÃ ‡ÊÍ‹, ŒÊÒª¸ãäÿ, ∑Î§cáÊÃÊ •ÊÒ⁄U ø‹ŒãÃ
◊ ‹ÊÒœ˝ÊÁŒ øÍáÊ¸ ¬˝ÁÃ‚Ê⁄UáÊ ∞ﬂ¥ ˇÊË⁄UﬂÀ∑§‹ `§ÊÕ ∑§ ªá«ÍU· ¬˝ÿÊª mÊ⁄UÊ ‚ﬂÊ¸Áœ∑§ ‚ÊÕ¸∑§ÃÊ ¬˝Ê# „Èß¸ „Ò–
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Clinical Study
Clinical Evaluation On The Effect Of Lodhradi Churna And
Ksheera Valkala Kwath In The Management Of Dantaveshta
W.S.R. To Pyorrhoea
Dr. Devendra Singh, Dr. Ajay Kumar Sharma, Dr.Gulab Chand Pamnani
Introduction

AcharyaSushruta has mentioned the disease
‘Dantaveshta’ under the caption of ‘Dantamulagata
Roga’. While describing the disease, Sushruta has
told that vitiated Rakta gets accumulate in
Dantaveshta (gums) and gives rise to Raktamishrita
Puyasrava (bloodtinged and purulent discharge)
from gums and loosening of teeth. The Nidanas of
‘Dantaveshta’ are not described in any Ayurvedic
texts, so the general causative factors of Mukharogas
can be considered as the causes of ‘Dantaveshta’.

Ayurveda, the science of life, is a tradition we
have inherited. It is an outcome of continuous
experimentation and experience of our ancient sages.
Ayurveda is an eternal science which deals with
every aspect of life. Being an extension of
Atharvaveda, it is considered as a mixture of
science, art and philosophy.
Ayurveda, as a holistic science, recommends
various regimens which help human being to achieve
healthy living, while modern scientific medicine
concentrates to a large extent on curative aspect of
the disease. Ayurveda is not only a treatise related
to treatment of diseases but it has closed concern
about healthy man too, which is very clear from its
aim of maintaining the health of a person, and
treating their diseases.

dﬂÁãÃ¬ÍÿM§Áœ⁄¢ ø∂ÊºãÃÊ ÷ﬂÁãÃ ø –2
ºãÃﬂC— ‚ ÁﬂôÊÿÙ ºÈC‡ÊÙÁáÊÃ‚ê÷ﬂ— H
(‚È. ÁŸ. 16/18)
The principles for treating the periodontal
diseases are removal of the irritants by scaling,
curettage and elimination of pockets either
surgically by flap surgery or otherwise. In addition,
correction in the systemic factors responsible for
occlusive forces as well as intensive oral hygienic
care and regulation of diet with sufficient supply of
vitamins, antibiotics with the maintenance of oral
hygiene and scaling – polishing have been
considered as a line of treatment.3 Even though these
therapies have been established but not satisfactory
and free from post operative complications.

Ayurveda has given prime importance to
Shirah, considering it as one of the three principal
vital organs of the body where the Prana i.e. life
resides. Charaka explains that all the sense organs
and the channels carrying the sensory and vital
impulses from the Shirah are like the rays from the
Sun. (Cha. Si. 9/4)
AcharyaSushrutahas classified Ayurveda in
to eight subdivisions.

On the other hand local treatment described
in Ayurveda like Visravana, Pratisarana, Gandusha,
Nasya etc. break the pathogenesis of the disease and
tighten the gums also. Thus, the therapy is effective
on both–the disease and the complications.
Therefore all the texts of Ayurveda emphasize more
on local therapy for Dantaveshta. Beside this, we also
get
description
of
oral
medication
like
Bhadramustadivati etc.

‡ÊÀÿ¢ , ‡ÊÊ∂ÊÄÿ¢ , ∑§ÊÿÁøÁ∑§à‚Ê, ÷Í Ã ÁﬂlÊ,
∑§ı◊Ê⁄÷Îàÿ◊˜, •ªºÃãG¢, ⁄‚ÊÿŸÃãG¢ ﬂÊ¡Ë∑§⁄áÊÃãGÁ◊ÁÃ H
(‚È.‚Í.1/7)1
These eight branches of Ayurveda deals with
all the diseases of various parts of the human body.
Amongst them “Shalakya Tantra” also named as
UrdhwangaChikitsa deals with the diseases of
precious supra clavicular organs, head and neck
with its management.

Incidence of Dantaveshta is increasing day by
day in our society due to altered life style, unhealthy
practices like tobacco chewing, junk food intake
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etc.So it is decided to evaluate the effect of Lodhradi
Churna & Ksheer Valkal Kwath4 on Dantaveshta due
to their healing &anti inflammatory properties and
to find an economic, easily available treatment
module for Dantaveshta.

Ksheera Valkala Kwath :
l

Dose:
1 month.

- 20 ml two times a dayfor

l

Mode:

- Gandusha

Aims And Objectives

l

Follow up

- 2 months..

The present research trial has been under
taken with the following main objectives-

Demographic profilel

It was found that maximum number of patients
were of age group of 46 – 50yrs (26.19%),
Females (59.52%), Hindu (76.19%), Primary
(26.19%), Married (73.81%), House wives
(42.85%), Middle class (59.52%), Urban habitat
(76.19%), Vegetarian (66.66%).

l

Majority of the patients had disturbed Pittakaphaprakriti (52.38%),
Madhyama Sara
(88.09%), Madhyama Samhanana (85.71%),
Sarva rasa Satmya (100%), Madhyama Satva
(83.33%), Madhyama Pramana (90.47%),
Madhyama Vyayamashakti (92.85%), Madhyama
Abhyavaharana Shakti (90.47%), followed by
Madhyama Jaranashakti (83.33%).

l

The chief complaints reported from the patients
were Akasmat Raktasrava, Daurgandhya and
Shotha (100%), Vedana was present in 90.47%
patients. Puyasrawawas observed in 88.09%
patient. Chaladanta was seen in 64.28% patients.
Krishnata was observed in 80.95% patients.

l

According to Oral Hygiene Method wise
distribution, majority 40.47% of patient were
using brush

l

According to the use of cleansing material wise
distribution, maximum numbers (59.52%) of
patient were using tooth paste, while 40.47%
patients were using tooth powder.

1) Conceptual
and
clinical
studies
on
Dantaveshtaw.s.r. to Pyorrhoea& its management
in ayurvedic Parlance.
2) To evaluate the combined efficacy of
LodhradiPratisarana and Ksheervalkalakwath in
the management of Dantaveshta (Pyorrhoea).
3) To explore a correlation between Dantaveshta
and Pyorrhoea.
4) To estimate the role of the local treatment
‘Pratisarana’ and‘Gandusha
5) To know the level of drug action.5-6
Materials and Methods
Plan of Study:
The study was conducted on 40 clinical and
pathological diagnosed patients of Dantveshta
(Pyorrhoea). The patients were selected from OPD
and IPD of P.G. department of Shalakya Tantra NIA
and OPD of S.S. Bombaywala Hospital, a Unit of NIA,
Jaipur (Rajasthan).
In the present study 40 clinically diagnosed
patients of Dantveshta (Pyorrhoea) were selected and
randomly divided into two groups.
1 . Group A- 20 Patient were advised Lodhradi
Churna Pratisarana. only
2. Group B- 20 Patient were advised combindly with
Lodhradi Churna Pratisarana and Ksheera Valkal
Kwath Gandusha.7
Drug & Dose Schedule:8
Lodhradi Churna :
l

Dose: - 3 gram twice a day for 1 month.

l

Mode - Pratisarana.

l

Follow up

- 2 months
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Table No. I :Criteria of Assessment

Scoring
Sign &
Symptoms

0

1

2

3

Puyasrawa

Nill

Slight pus
discharge

Pus discharge on
splitting or on sucking

Remarkable
pus discharge

Raktasrawa

Nil

Slight bleeding on
brushing

Moderate bleeding
on brushing

Severe bleeding
on brushing

Chaladanta

Nil

Noticeable
movement

Movement of a tooth
within a range of 1 mm

Movement
greater than 1mm.

Daurghandhya

Nill

Slight bad odour

Moderate bad odour

Persistent bad odour

No pain

Occasionalpain
with low intensity

Frequent pain
with moderate intensity

Continuous pain

Krishnata

Nil

Slight discoloration
of gums

Moderate discoloration
of gums

Severe discoloration
of gums

Sotha

No

Mild inflammation

Moderate inflammation

Severe inflammation

Dantashula

Table No. II :Status of 42 patients of Dantveshta (Pyorrhoea)
Patient

Group A

Group B

Total

Registered

20

22

42

LAMA

0

2

2

Complete

20

20

40

Table No: III : Effect of Lodhradi Churna Pratisaranaon various symptoms of Dantveshta
(pyorrhoea) in 20 patients (Paired “t” test)
Symptoms

Mean Value

%

SD

SE

t

p

Rem-

BT

AT

D

relief

±

±

ark

Puyasrawa (pus discharge)

2.20

0.80

1.40

63.64%

0.75

0.17

8.30

<0.0001

HS

Raktasrawa
(bleeding from gums)

2.20

0.60

1.60

72.73%

0.75

0.17

9.49

<0.0001

HS

Chaladanta (Mobility)

1.85

1.40

0.45

24.32%

0.51

0.11

3.94

<0.001

S

Daurghandhya (Halitosis)

2.25

0.40

1.85

82.22%

0.67

0.15

12.33 <0.0001

HS

Dantashula (Toothache)

2.00

0.60

1.40

70.00%

0.68

0.15

9.20

<0.0001

HS

Krishnata (Discoloration)

1.75

1.35

0.40

22.86%

0.50

0.11

3.56

>0.01

S

Sotha (Inflammation)

1.45

1.40

0.05

3.45%

0.22

0.05

1

>0.10

NS
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Table No:IV :Effect ofLodhradiChurnaPratisarana and KsheeraValkalKwathGandusha on
various symptoms of Dantveshta(pyorrhoea) in 20 patients (Paired “t” test)
Symptoms

Mean Value

SD

SE

t

p

Rem-

relief

±

±

0.73

0.16

10.38 <0.0001

HS

BT

AT

2.20

0.50

Raktasrawa (bleeding gums) 2.30

0.35

1.95

84.78%

0.60

0.14

14.42 <0.0001

HS

Chaladanta (Mobility)

1.80

1.00

0.80

44.44%

0.41

0.09

8.72

<0.0001

HS

Daurghandhya (Halitosis)

2.15

0.20

1.95

90.70%

0.76

0.17

11.49 <0.0001

HS

Dantashula (Toothache)

1.90

0.20

1.70

89.47%

0.80

0.18

9.49

<0.0001

HS

Krishnata (Discoloration)

1.75

1.10

0.65

37.14%

0.49

0.11

5.94

<0.0001

HS

Sotha (Inflammation)

1.75

0.40

1.35

77.14%

0.88

0.20

6.90

<0.0001

HS

Puyasrawa (pus discharge)

D

%

1.700 77.27%

ark

Table No V : Intergroup Comparision of Group A & Group B
Symptoms
Puyasrawa
Raktasrawa
Chaladanta
Daurghandhya
Dantashula
Krishnata
Sotha

Groups

Mean diff.

SD±

SE±

P

S

A

1.30

0.80

0.18

0.0523

NS

B

1.70

0.73

0.16

A

1.60

0.75

0.17

0.0406

S

B

1.95

0.60

0.14

A

0.45

0.51

0.11

0.0125

S

B

0.80

0.41

0.09

A

1.85

0.67

0.15

0.3452

NS

B

1.95

0.76

0.17

A

1.40

0.68

0.15

0.0643

NS

B

1.70

0.80

0.18

A

0.40

0.50

0.11

0.0609

NS

B

0.65

0.49

0.11

A

0.95

0.60

0.14

0.0635

NS

B

1.35

0.88

0.20

highly significant statistically (p <0.0001), while
82.22% & 70.00% relief in Daurghandhya and
Dantashula respectively which were also highly
significant statistically (p <0.0001), the study also
shows 72.73% relief in Raktasrawa which was also
highly significant statistically (p <0.0001), only
3.45% improvement in Sotha but statically, it was
not significant (p>0.10) where as 24.32 % & 22.86%
relief
were
seen
in
the
symptom
of

Disscusion on the effect of therapy
The parameters were assessed by statistical
evaluation byPAIRED “T” Test
Group A :While assessing the clinical improvement in
the patients of Group A treated with
LodhradiChurnaPratisarana,In this group the present
study shows 63.64% relief in Puyasrawa which was
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4 Daurghandhya:

Chaladanta&Krishnata which was also significant
statistically (p<0.001, p>0.01 respectively). . (Table
–41)

The p value is 0.3452 which is statically non
significant which shows that there is no statistical
difference in efficacy of both treatments on
Daurghandhya

Group B :While assessing the clinical improvement in
the patients of Group B treated with Lodhradi
Churna Pratisarana and Ksheer Valkal Kwath
Gandusha the present study shows 77.27% relief in
Puyasrawawhich was highly significant statistically
(p<0.0001), while 84.78% & 44.44% relief in
Raktasrawa and Chaladanta respectively which was
also highly significant statistically (p<0.0001), the
study also shows 90.70% relief in Daurghandhya
which was also highly significant statistically
(p<0.0001), 37.14 % improvement in Krishnata
which was statistically highly significant (p<0.0001),
where as 89.47 % & 77.14% relief were seen in the
symptom of Dantashula&Sotha which was also highly
significant statistically (p<0.0001). . (Table –42)

5 Dantashula:
The p value is 0.0643 which is statically non
significant which shows that there is no statistical
difference in efficacy of both treatments on
Dantashula
6 Krishnata:
The p value is 0.0609 which is statically non
significant which shows that there is no statistical
difference in efficacy of both treatments on Krishnata
7 Sotha:
The p value is 0.0635 which is statically non
significant which shows that there is no statistical
difference in efficacy of both treatments on Sotha

The above results state that combined
therapy used in Dantveshta acts in synergetic form
and enhances the effect of therapy as evidenced by
the results seen in group B.

Conclusion:
ð The present study essentially aims to evaluate
the effectiveness of two ayurvedic formulations
viz. Lodhradi Churna Pratisarana and Ksheera
Valkal Kwath Gandusha in the management of
Dantveshta w.s.r. to Pyorrhoea. 40 patients were
randomly selected in this trial and divided into
2 groups. Both the formulations were found to be
effective in reducing signs and symptoms and
found to be highly significant statistically on
various criteria’s of assessments.

Intergroup Comparison:
To access the efficacy of two therapies
intergroup comparison was done. As the variables
are nonparametric we used Mann-Whitney Test for
stastically analysis.
1 Puyasrawa :
The p value is 0.0523 which is statically non
significant which shows that there is no statistical
difference in efficacy of both treatments on
Puyasrawa

ð Combination of both these Ayurvedic
formulation was found to be more effective in 2
trial groups.
ð The efficacy of Lodhradi Churna Pratisarana
(Group A)
in symptom of Dantveshta
(puyasrawa) administrated for 1 month, showed
63.64% improvement with p-value <0.0001,
which is statistically highly significant. and in
Lodhradi Churna Pratisarana and Ksheera Valkal
Kwath
Gandusha
(Group
B),
77.27%
improvement with p-value <0.0001 which is
statistically highly significant.

2 Raktasrawa:
The p value is 0.0406 which is statically
significant which shows that there is no statistical
difference in efficacy of both treatments on
Raktasrawa
3 Chaladanta :
The p value is 0.0125 which is statically non
significant which shows that there is no statistical
difference in efficacy of both treatments on
Chaladanta

ð No adverse and toxic effects were observed
during the trial and after the treatment.
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Clinical Study
Therapeutic Evaluation Of ‘Ayush Harijiwan’ Oil For
Musculoskeletal Pain Relief
*Sidharth Samal, **Kunal Sharma, ***Dipsundar Sahu, ****Abichal Chattopadhyay
*****Jagannath Sahoo, ******Sanjay Kumar
Abstract:
Chronic pain is a very common symptom and has significant impact on the physical, mental and
economic aspect of the person. In this clinical trial, polyherbal oil preparation was used as a local applicant
for the treatment of pain related to musculoskeletal origin. The sole objective of this study was, to assess
the efficacy and safety of Ayush Harijiwan oil in chronic pain management. Fifty patients (aged between 3065 years) with mild to moderate chronic pain of musculoskeletal origin, and willing to participate were
included in the study. During the trail the mean baseline parameters versus last visit (i.e.45days) parameters
of pain (2.90±0.73 vs. 1.40±0.75), tenderness (1.62±0.75 vs. 0.42±0.64) and swelling (0.70±0.93 vs.
0.52±0.78) were compared and shown significant decreased in all parameters after application and also found
pretty safe as no adverse drug reaction seen during the study. The overall use of the oil in chronic pain
management as local applicant was found safe and effective.
Keywords: Chronic Pain, Polyherbal Oil, Mastard oil, Eucalyptus oil, Camphor, Urtica Dioica Extract (Nettel
Plant Extract), Garlic, Nutmeg, Pepper.

‚Ê⁄UÊ¥‡Ê◊Ê¢‚¬≥ÊË ◊¥ ¬È⁄ÃŸ ≥ÊÍ‹ „ÙŸÊ ∞∑§§ ’„ÈÃ ¬˝øÁ‹Ã „ÙŸ ﬂÊ‹Ê ‹ˇÊáÊ „Ò, ß‚∑§Ê ⁄ÙÁªÿÙ¥ ¬⁄ ≥ÊÊ⁄ËÁ⁄∑§, ◊ÊŸÁ‚∑§§ •ÊÒ⁄
•ÊÁÕ¸∑§§ ¬„‹Í ¬⁄ ’«U∏Ê ¬˝÷Êﬂ „Ò– •ÊÿÈﬂ¸Áº∑§§ ÁøÁ∑§à‚Ê ∞ﬂ¢ ¬Ê‡øÊàÿ ÁøÁ∑§à‚Ê ÁﬂôÊÊŸ ◊¥ ÁﬂÁ÷ÛÊ ©¬øÊ⁄ M§¬⁄πÊ •ë¿UË
Ã⁄„ ‚ ©¬‹éœ „Ò¥, ¬⁄¢ÃÈ ßŸ◊ ‚ ∑§Ùß¸ ÷Ë ¬È⁄ÊŸ ºº¸ „Ê‹Ã ◊¥ ¬˝÷ÊﬂË Ÿ„Ë „Ò– •ÊÿÈﬂ¸Áº∑§§ ¡«U∏Ë’ÍÁ≈ ﬂ„ÈÃ ¬˝øÁ‹Ã ÁøÁ∑§à‚Ê
œÊ⁄Ê „Ò¥, ¬⁄ ßŸ •ÊÿÈﬂ¸Áº∑§§ ºﬂÊ•Ù¥ ∑§Ê ﬂÒôÊÊÁŸ∑§§ •äÿÿŸ ¬Í⁄Ë Ã⁄„ ‚ •÷Ë ÷Ë ©¬‹éœ Ÿ„Ë¥ „Ò– ∞∑§§ •ÊÿÈﬂ¸Áº∑§§ ÃÒ‹,
Á¡‚∑§Ê ŸÊ◊ •ÊÿÈ· „Á⁄¡ËﬂŸ ÃÒ‹ „Ò– ÿ„ ’„ÈÃ ‚Ê⁄ ¡«U∏Ë ’ÍÁ≈ÿÙ¥ ‚ ’ŸÊ „Ò, ß‚∑§Ê Á◊Á‹Ã L§¬ ‚ ◊Ê¢‚¬‚Ë ∑§Ê ≥ÊÍ‹ ◊¥
•‚⁄ •ÊÒ⁄ ¬Ê≥Ê¸ÿ¬˝ÁÃÁR§ÿÊ ºπŸ ∑§ Á‹∞ ¬È⁄ÊŸ ≥ÊÍ‹ ◊¥ ª˝SÃ „ÙŸ ﬂÊ‹ 50 ⁄ÙÁªÿÙ¥ ©◊˝ ¡Ò‚ 30 ‚ 65 Ã∑§§ ≥ÊÊÁ◊‹ •ÊÒ⁄
Á’ŸÊ ≥ÊÊÁ◊‹ ∑§§ ∑§‚ı≈Ë ∑§§ •ÊœÊ⁄ ¬⁄ ß¢ÁS≈ÿÈ≈ •Ê°»§ ◊Á«U∑§§‹ ‚Êß¢‚, ‚◊ •S¬ÃÊ‹ ∑§§ ’Á„⁄X Áﬂ÷Êª ◊¥ •ÊÿÈ· „Á⁄¡ËﬂŸ
ÃÒ‹ ∑§Ê ¬È⁄ÊÃŸ ≥ÊÍ‹ ◊¥ •‚⁄ ºπÊ ªÿÊ– •ÊÿÈ· „Á⁄¡ËﬂŸ ÃÒ‹ 45 ÁºŸ Ã∑§§ ÁºŸ ◊¥ 2 ﬂÊ⁄ ◊ÊÁ‹‚ ∑§⁄Ÿ¥ ∑§§ Á‹∞ ÁºÿÊ
ªÿÊ– •äÿÿŸ ¬Íﬂ¸ •ÊÒ⁄ •äÿÿŸ ∑§§ ¬‡øÊÃ ‚Ê⁄ ‹ˇÊáÊÙ¥ ∑§Ù Á‹Á¬’äÿ Á∑§ÿÊ ªÿÊ, ‚¢¬ÈáÊ¸ •ﬂÁœ ∑§ ’Êº ÿ„ ºπÊ ªÿÊ
Á∑§§ ⁄ÙÁªÿÙ¥ ∑§Ê ‚ÊﬂÙ¸ºÒÁ„∑§§ Áﬂ∑Î§ÁÃÿÙ¥ ∑§§ •¢Ãª¸Ã ≥ÊÍ‹ ◊¥ (2.90±0.73) ‚ ÉÊ≈∑§⁄ (1.40±0.75), S¬≥Ê¸ •‚Á„cáÊÈÃÊ ◊¥
(1.62±0.75) ‚ ÉÊ∆∑§§⁄ (0.42±0.64) ∞ﬂ¢ ‚Í¡Ÿ ◊¥ (0.70±0.93) ÉÊ∆∑§⁄ (0.52±0.78) ¬˝ªÁÃ „È•Ê „Ò– ¬⁄Ë‚¢ˇÿÊŸ
∑§§ •ŸÈ‚Ê⁄ ÿ„ •äÿÿŸ ◊„àﬂ¬ÈáÊ¸ ◊ÊŸÊ ¡Ê ‚∑§§ÃÊ „Ò– ÿ„ ÁŸc∑§·¸ Á∑§ÿÊ ¡Ê ‚∑§§ÃÊ „Ò Á∑§ •ﬂÁœ 45 ÁºŸ ‚ ‹∑§⁄
•Áœ∑§§ ◊Ê„ Ã∑§§ ‚ÊÕ ◊¥ •Áœ∑§§ ‚¢Åÿ∑§§ ⁄ÙÁªÿÙ¥ ◊¥ •ª⁄ •äÿÿŸ Á∑§ÿÊ ¡Ê∞ ÃÙ •Áœ∑§§ ÿ„ •ÊÒ⁄ •‚⁄ºÊ⁄ „ÙŸ Á∑§§
‚¢÷ÊﬂŸÊ „Ò, ß‚ •äÿÿŸ ∑§§ ºı⁄ÊŸ ⁄ÙÁªÿÙ¥ ◊¥ ∑§Ùß¸ ÷Ë ÷Ò·Öÿ Á’·◊ÿÃÊ ¬˝Ê# Ÿ„Ë „È•Ê–
*Assistant Professor, Department of Orthopedics, IMS & SUM Hospital, SOA University, Bhubaneswar, India. **Resident
and Tutor,
Dept of Pharmacology, IMS & SUM Hospital, SOA University, Bhubaneswar, India. ***Research Officer
(Ayurveda), National Research Institute of Ayurveda Drugs Development, (Uder CCRAS, New Delhi), Bhubaneswar,
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Clinical Study
Therapeutic Evaluation Of ‘Ayush Harijiwan’ Oil For
Musculoskeletal Pain Relief
Sidharth Samal, Kunal Sharma, Dipsundar Sahu, Abichal Chattopadhyay
Jagannath Sahoo, Sanjay Kumar
Introduction:

Lignocaine, Diclofenac and Capsaicin are considered
among the conventional medical treatment. Though
some improvement in quality of life can be done but
in many cases Complete and relief of many types of
chronic pain is difficult.12 Hence we need to find an
alternate mode of safe and effective treatment
method for chronic painful conditions. World Health
Organization (WHO) has recognized Ayurvedic
medicine as a complete system of natural medicine.
WHO also promotes countries to integrate the
traditional medicine systems into their own health
care systems.13 This clinical trial will provide some
information regarding the safety and efficacy of an
Harijiwan oil preparation in chronic musculoskeletal
pain patients.

Pain is the most common and universal
symptoms that brings any person to a hospital.
Chronic pain has a major effect over the physical and
mental functional, quality of daily life, and has
become one of the major public health problems.
Pain persisting for more than three months is usually
considered as chronic pain. 1, 2 Chronic pain can be
controlled by opioids3 but also associated with the
risk of overdose and addiction.4
The pain my originate from superficial or
deep tissues by activation of receptors. 5 The
superficial pain is generated by activation of
receptors in the superficial tissues of skin and the
deep pain is initiated by provocation of receptors
in ligaments, tendons and bones blood vessels,
muscles, fascia. Deep somatic pain is usually poorlylocalized and dull-aching in nature. pain originating
by several visceral organs, when inflammation or
damage due to any factor. 6 Neuropathic pain is
divided into peripheral and central according to its
origin. 7 The C type of nerve fibers that carry the
chronic pain stimulus produce painful sensation for
a long time.8 After initiation of the process, it is very
difficult to reverse or eradicate in case of chronic
pain.9 In some genetic variant, permanent reduction
in the pain threshold as a result of interference with
neuronal differentiation leads to pain of prolonged
duration.10

Materials and methods:
This clinical trial has done at the outdoor of
Department of Orthopeadics, Institute of Medical
Sciences & SUM Hospital, Bhubaneswar, Odisha,
India. The fifty patients with chronic pain of
musculoskeletal origin (eg. Low backache, knee,
shoulder, elbow, wrist, ankle & neck pain) were
selected for this present clinical trial. Patients
fulfilling the criteria and willingly gave consent and
ready to attend scheduled OPD visit were included
for this study. Total of Fifty patients were selected
randomly irrespective of sex, race, cast, religion,
income, literacy, etc. However, some other data like,
Socio-demographic profile and relevant clinical data
of participants were also recorded. The trial was
sponsored by Ayush Arihant Industries Pvt. Ltd.

The management of chronic pain is differs a
lot from that of acute musculoskeletal pain. Chronic
pain is a complex reciprocation of psychological,
mechanical biochemical and social components. 11
Drugs (systemic and local) and non-pharmacological
therapies such as psychotherapy and life style
modification can be used to deal chronic pain.
Selected TCAs (Tricyclic antidepressants), Extendedrelease tramadol, SSRIs (selective serotonin reuptake
inhibitors), and; and topical preparations such as

Inclusion Criteria:
1 . Patients of either sex aged between 30 and 65
years.
2. Patient with primary backache, knee and any
muscular pain.
3. Willing and able to participate in the study for
02 months.
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Exclusion Criteria:

13. Any other condition which the Principal
Investigator thinks may jeopardize the study.

1 . History of any trauma/ fractured joint / surgical/
diagnostic intervention with reference to the
affected joint(s).

Withdrawal Criteria: - The participant may be
withdrawn from the trial if –

2. Gross disability in performing daily normal
routine i.e. bed ridden patients or confined to a
wheelchair.

1 . He / She develops any hypersensitivity reaction
or any adverse effect
2. There is non-compliance of the treatment
regimen (minimum 80% Compliance is essential
to continue in the study).

3. Patients with co-morbidities such as gouty
arthritis, rheumatoid arthritis and psoriatic
arthritis.

3. The patients himself/ herself want to withdraw
from the study for any other reason.

4. Patients having any deformity of knee hip or back
altering the gait and posture of the patient.

4. Patient develops any other health ailments
mentioned in exclusion criteria during trial.

5. Patients with uncontrolled hypertension (>160/
100 mm of Hg).
6. Patients
with
mellitus{HbA1c>9%}

uncontrolled

If the decision to withdraw a participant from
the trial will be taken by the Principal Investigator,
it will be justified in terms of the actual reason and
further management will be suggested if needed.

diabetes

7 . Patients with evidence of malignancy.
8. Patients on prolonged (> 6 weeks) medication
with
corticosteroids,
antidepressants,
anticholinergics, etc. or any other drugs that may
have an influence on the outcome of the study.

Table 1: Study Design

9. Patients who have a past history of atrial
fibrillation,
acute
coronary
syndrome,
myocardial infarction, stroke or severe
arrhythmia in the last 6 months.
10. Patients with any severe renal or hepatic or any
other disorder which may interfere in the study.
1 1 . Pregnant / lactating woman.
12. Patients who are currently participating in any
other clinical trial.

Study Type

Open Clinical Trial

Purpose

Treatment

Masking

Open label

Control

Not controlled

Sample Size

50 patients

No. of Groups

One

End Point

Efficacy and Safety

Timing

Prospective

Total Study Period

3 months

Treatment Period

45 days

Drug intervention: Name of the Product: Ayush Harijivan Oil: 2-3 ml applies topically twice daily for 6
weeks. The formulation and percent composition of each ingredients of this oil has been decided and prepared
by the sponsor.
Table 2: Contents of Ayush Harijivan Oil (Polyherbal Ayurvedic Formulation)
Appellative

Botanical Name

Parts

Mastard oil

Brassicaceae campestris

Eucalyptus oil

Eucalyptus globulus

1

Camphor

Cinnamomum camphora

2

Urtica dioica extract (nettel plant extract)

Acidum carbonicum

2

Garlic

Allium savitum

2

Nutmeg

Myristica fragrans

1

Pepper

Piper nigrum

1

10
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Assessment of therapy:
Criteria for assessment
The patients were examined weekly and suitable scoring pattern and objective signs were recorded
to assess any changes present in the patients. After completion of 45 days of the treatment, the efficacy of
the therapy was assessed subjective criteria on the basis of the modified universal pain assessment tool along
with tenderness and swelling assessment tools.
Table 3: Modified Universal Pain Assessment Tool14
Score

Nature of Pain

P5

Night Pain with sleep disturbance

P4

Persistent pain not able to perform daily work

P3

Persistent pain but able to perform daily work

P2

Persistent pain increased on exertion

P1

Pain on exertion

P0

No pain
Table 4: Assessment tool for swelling

Score

Swelling

S4

Joint swelling to a maximally abnormal degree

S3

Markedly abnormal swelling

S2

Joint swelling obvious even on casual observation

S1

Join swelling which may not be apparent on casual inspection, but should be
recognizable to an experienced examine

S0

No Swelling
Table 5: Assessment tool for tenderness

Score

Tenderness

T4

Withdrawal (+ "Jump Sign") to non-noxious stimuli (ie. superficial palpation, pin prick,
gentle percussion)

T3

Tenderness with WITHDRAWAL (+ "Jump Sign")

T2

Tenderness WITH grimace &/or flinch to palpation

T1

Tenderness to palpation WITHOUT grimace or flinch

T0

No tenderness

Assessment of compliance

the oil and residual volume of oil measurement done
on every visit. The consumption of =80% of
prescribed oil was considered as compliance.

Among the various available methods to
assess the compliance, we used integration method.
On each visit, information regarding use of oil was
given to the every studied participant and all
participants were advised to bring their remaining oil
container and empty bottles on the next visit. The
participants were also interviewed regarding use of

Results and statistical analysis:
The information gathered on the basis of
above observations was subjected to statistical
analysis. The data collected were analyzed using SPSS
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version 20 and Microsoft Excel 7. Continuous data
were presented as mean values ± standard deviation
while categorical data were presented as percentages.
Descriptive statistics were used to analyze the data
and results were represented in tabular form or
graphically. The one way ANOVA was used to
evaluate the efficacy of the oil taking consideration
of each visit. The level of significance (p-value) was
set at 0.05.

willingly gave consent and participated. Male
patients (n= 36, 72.00%) participated more as
compared to female patients (n= 14, 28.00%)( Table6). The mean age of the study population was found
to be 43.36 ±11.07 years. . The socio-demographic
parameters of the study participants are shown in
Table- 7.
The mean duration of pain was 8.42 ± 5.90
months and 62 % of participants were suffering from
upper or lower backache. The clinical variables of all
participants are shown in Table-8. The commonest
pain was backache followed by knee pain. 62 patients
were having co morbidities like hypertension
diabetes etc. During the study period no patient had
any adverse reaction associated with this polyherbal
oil preparation.

The subjective effect was decided on the
basis of percentage improvement in symptoms and
the assessment tools parameters. Thus, the total
effect of the therapy was marked as following:
Complete remission

100%

Marked improvement

75- 99%

Moderate improvement

50- 74%

Improvement

25-49%

Mild improvement

10-25%

No improvement

<10%

The effect of Harijiwan oil during the trail the
mean baseline parameters versus last visit
(i.e.45days) parameters of pain (2.90±0.73 vs.
1.40±0.75), tenderness (1.62±0.75 vs. 0.42±0.64)
and swelling (0.70±0.93 vs. 0.52±0.78) was shown
in Table 8.

Ethical consideration and trial registration:

The graphic representation of the effect of
this oil on pain and tenderness showed steep
downward pattern (Figure- 3&4), however the
plateau like effect on swelling (Figure- 5). Figure-6
showed the effect on joint mobility, 24 participants
out of 20 were shown excellent result over mild joint
movement limitation (figure- 7). The significance of
this study has shown in (table- 9 & 10).

Clinical trial permission was taken from
institutional ethical committee (no- 147-3/16/01/
2015) and also registered to clinical trial registry of
India (CTRI/ 2015/02/005559) prior to conduct this
trial.
Observations and Results:
During the study period, a total of 50 patients
selected to participate in this study. All of these were

Table 6: Age Distribution of chronic pain patients taken for study
AGE

TOTAL

MALE

FEMALE

30-35

11

8

3

36-40

6

4

2

41-45

10

7

3

46-50

8

6

2

51-55

8

6

2

56-60

4

3

1

61-65

3

2

1
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Table 7: Socio- demographic parameters of study participants
Parameters

Value (n)

Age (years)
ð
Mean ± SD[Range]
Sex

Religion

Marital status

Weight

Educational status

Occupational type

Percentage (%)

43.36 ± 11.07 [30-65]
ð

Male

36

72.00

ð

Female

14

28.00

ð

Hindu

46

92.00

ð

Muslim

3

06.00

ð

Christian

1

02.00

ð

Others

0

00.00

ð

Married

40

80.00

ð

Single

10

20.00

ð

Seperated

0

00.00

ð

Normal/underweight

34

68.00

ð

Overweight

09

18.00

ð

Obese

07

14.00

ð

Illiterate

05

10.00

ð

Up to School level

18

36.00

ð

Graduate

21

42.00

ð

Postgraduate

6

12.00

ð

Sedentary jobs

21

42.00

ð

Non- sedentary jobs

05

10.00

ð

Others -housewives,

24

48.00

student, retired etc.
SD-Standard Deviation
Table 9: Mean Effect of Harijiwn oil on subsequent visits
Parameters

Baseline
parameter

Pain

2.90±0.73

2.30±0.73

2.08±0.72

2.00±0.63

1.64±0.72

1.40±0.75

Tenderness

1.62±0.75

1.32±0.86

1.04±0.69

0.78±0.64

0.45±0.70

0.42±0.64

Swelling

0.70±0.93

0.66±0.91

0.58±0.85

0.48±0.73

0.48±0.73

0.52±0.78

SD-Standard

Parameter Parameter Parameter
Parameter
on 1st visit on 2st visit on 3rd visit on 4th visit

Parameter
on last visit

Deviation
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Table 8: Clinical Variables Of The Study Population

Clinical variables

Frequency (n)

Mean duration of chronic pain
(months) (Mean ± SD) [Range]

8.42 ± 6.90

Percentage (%)
[3 – 30 months]

Duration of chronic

ð

5

20

40

pain (months)

ð

6 - 10

18

36

ð

11-15

06

12

ð

16-20

03

6

ð

21-25

02

4

ð

26-30

01

2

ð

Wrist

3

6

ð

Elbow

2

4

ð

Shoulder

4

8

ð

Nape of the neck\ upper

6

12

Sites of the pain

backache
ð

Low backache

17

34

ð

Knee

14

28

ð

Ankle

4

8

Pattern of joints involvement

Joint mobility limitation

ð

Single joint

40

80

ð

Multiple joint

10

20

ð

No Limitation

25

50

ð

Mild Limitation

13

26

ð

Moderate Limitation

11

20

ð

Severe Limitation

1

2

Associated co- morbidities ð

SD-Standard

Diabetes

10

20

ð

Hypertension

09

18

ð

Cardiac illness

1

2

ð

Dyslipidemia

2

4

ð

BPH

1

2

ð

Gastritis

8

16

Deviation

Table 11: Tukey's Multiple Comparison Test of Harijiwn
Comparison test

Parameter

Mean diff.

Std error

P <0.05

95% CI to
difference

Baseline vs 45 days

Pain

2.00

0.357

Yes*** (0.001)

1.04 to 2.95

Baseline vs 45 days

Tenderness

1.66

0.346

Yes*** (0.000)

0.74 to 2.59

Baseline vs 45 days

Swelling

0.57

0.172

Yes*** (0.001)

0.25 to 1.40

CI= confidence Interval

P = Significance
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Table 10: Harijiwn Anova Table For Different Parameters Anova Table For Pain Baseline Vs
Last Visit

Pain

Sum of
Squares

df

Mean
Square

F

Sig.

Between Groups

13.370

3

4.457

14.012

.000

Within Groups

14.630

46

0.318

Total

28.000

49

22.011

.000

34.487

.000

Anova Table For Tenderness Baseline Vs Last Visit

Tenderness

Between Groups

11.894

3

3.965

Within Groups

8.286

46

0.180

Total

20.180

49

Anova Table For Swelling Baseline Vs Last Visit
Swelling

Between Groups

21.099

3

7.033

Within Groups

9.381

46

0.204

Total

30.480

49

p value = for effectiveness should be less than 0.05

df = Degrees of freedom

F = variance of the group means/ mean of the within group variance

Discussion:
Chronic pain has a very paralyzing effect on
our day to day life. Chronic pain condition has
negative impacts over different aspects of patient
health like, sleep, mental health, cardiovascular
wellness, sexual function, and overall quality of life.
Overweight and obese patient constituted 32% of
patients. Single joint pain patients were more than
multiple joint involved patients. Chronic pain also
causes economic loss of the patient. [15]

Mustard
oil
contains
about
60%
monounsaturated fatty acids (42% erucic acid and
12% oleic acid), 21% polyunsaturated fatty acids (6%
the omega-3 alpha-linolenic acid and 15% the omega6 linoleic acid), and about 12% of saturated fats.16
Omega-3 fatty acids have potency to improve
rheumatoid arthritis due to its metabolites have
inhibitory role in the production of inflammatory
cytokines responsible for arthritic pain and also
effective against arthritic pain as well as other
symptoms, including joint stiffness. 17,18 Therefore,
Mustard and its oil have been used as a topical
treatment for rheumatism and arthritis, as a foot
bath for aching feet. 19 Mustard oil has stimulant,
rubefacient and counter irritant properties, it is
mentioned in Ayurved samgraha. 20 Due to these
properties, it is included in the National formulary
in few countries. 21 Various animal experimental
studies have also proven its analgesic properties.22,23

The mean ± SD age of patients in this study
was 43.36 ± 11.07 years with ranges between 30- 65
years; this may be due to small number of study
participants for this clinical trial. Male patients were
more as compared to females. Large portion of the
study population was under the age of 50.
The Ayurvedic polyherbal preparation
contains Mastard oil (Brassica campestris),
Eucalyptus oil (Eucalyptus globules), Camphor
(Cinnamomum camphora), Urtica Dioica ExtractNettel Plant Extract (Acidum carbonicom), Garlic
(Allium sativa), Nutmeg (Myristica fragrans), Pepper
(Piper nigrum). All of these ingredients have already
proved its efficacy in the management of pain in
ayurvedic science.

Eucalyptus oil also has anti-inflammatory and
analgesic qualities as a topically applied liniment
ingredient.24,25 Australian Aboriginals use eucalyptus
leaf infusions (which contain eucalyptus oil) as a
traditional medicine for treating body pains, sinus
congestion, fever, and colds.26,27
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Camphor, a natural product derived from the
wood of the tree. The wood and leaves have many
medicinal properties and used as antiseptic,
analgesic, antispasmodic, antipruritic, stimulant,
counterirritant and rubefacient.28,29 It also provides
warm sensation locally. 30 Camphor block the
production of Interleukin-1, Interleukin-6 and Tumor
Necrosis Factor-a from RAW 264.7 cells and Nitous
Oxide,
Prostaglandin
E2
production
in
lipopolysaccharaide or interferonactivated
macrophages by its anti-inflammatory mechanisms.31

nociceptors (pain sensing nerve cells). 45 Pepper
(importants flavourant and its different parts are used
as internal medicine for curing bronchitis, gastric
ulcer, rheumatism and viral diseases.46
In view of anti- inflammatory, antiseptic and
analgesic properties of each ingredient, hypothesis
was made, that this novel ayurvedic combination
can have synergistic effect over chronic pain. So,
clinical trial was conducted to see the efficacy and
safety of this polyherbal preparation.
In this study, mean baseline parameters
versus last visit (i.e.45 days) parameters of pain
(2.90±0.73 vs. 1.40±0.75), tenderness (1.62±0.75
vs. 0.42±0.64) and swelling (0.70±0.93 vs.
0.52±0.78) was significantly decreased in
statistically and, also clinical improvement were seen
in study participants. The decreasing trend of
graphical representations of these parameters
showed gradual improvements in subsequent follow
up. Though, swelling trend was shown some plateau
pattern but patients were clinically improved. The
effect of Ayush Harijiwan polyherbal topical
preparation has shown high significance (p < 0.0001)
in detailed statistical analysis. After application of
this oil significant number of patients with decreased
joint mobility were also improved.

Urtica Dioica Extract (Nettel Plant Extract)
contains active compounds that reduces Tumor
necrosis factor-a and other inflammatory
cytokines.32,33 It has been demonstrated that nettle
leaf reduces Tumor necrosis factor-a levels by
potently inhibiting the genetic transcription factor
that activates Tumor necrosis factor-a and IL-1B in
the synovial tissue that lines the joint.34 Urtica dioica
herb has been used in the traditional Austrian
medicine internally (as tea or fresh leaves) for
treatment of disorders of the kidneys and urinary
tract, gastrointestinal tract, locomotor system, skin,
cardio-vascular
system,
hemorrhage,
flu,
35
rheumatism and gout.
Garlic (Allium sativum) has gained a
reputation in various traditions as a prophylactic as
well as therapeutic medicinal plant. It has played
important dietary and medicinal roles throughout the
history. Garlic has anti inflammatory activity36 and
anti bacterial properties.37-39

We had taken only 50 patients (aged between
30-65 years) of chronic pain for unknown origin,
those were in mild to moderate pain condition. So,
further study will required with larger sample size
and in heterogeneous population. Regarding the
efficacy of Ayush Harijiwan oil was effective for
chronic pain of musculoskeletal origin and showed
continuous reduction of pain, tenderness, swelling
and improvement joint mobility with clinically
significant results within 45 days. In view of zero
evidence of major or minor adverse drug reaction,
it is considered being safe as topical application.

The plant derived alkaloids of Nutmeg
(Myristica fragrans) has elicited many biological
effects, including analgesia. Nutmeg oil contains
myristic acid, trymiristin, and glycerides of lauric,
tridecanoic, stearic, and palmitic acids.40,41 Many
studies have demonstrated that an acetone-soluble
substance within the N-hexane extract of Nutmeg
exerts
analgesic
activity. 44
However,
the
identification of the active constituents of M.
fragrans, which are responsible for the analgesic
activity are still remains unknown.

Conclusion:
Concisely, this clinical study, which
investigated the effects of Ayush Harijiwan Oil on
patients who were suffering from chronic pain of
musculoskeletal origin, showed that this polyherbal
topical preparation was effective in reducing patient’s
subjective pain, tenderness and swelling along with
improvement in joint mobility. These results suggest
that the local application of Ayush Harijiwan oil might

Pepper ( Piper nigarm), Piperine found in the
fruits and roots of Piper species of Piperaceae family.
The pungency of piperine is caused by the activation
of the heat and acidity sensing Transient receptor
potential vanilloid (TRPV) ion channel TRPV1 on
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be a valuable polyherbal preparation for chronic pain
relief of musculoskeletal origin.
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Clinical Study
Karshya Mein Santarpana Chikitsa Ka
Prabhavatmaka Adhyayana
*Dr. Prithvi Raj Tiwari, **Dr. Sarvesh Kumar Agarwal
Abstract
Karshya is a Rasapradoshaj Vikara that is a manifestation of irregular lifestyle in young generation of
developing countries. As per modern science it is a condition of under- nutrition. Other cause is poverty
and lack of health education. It can be measured by Weight, Basal Metabolic Rate (B.M.I.), and Waist/hip
ratio. According to Acharaya Charak treatment principle is santarpana chikitsa. By following treatment
principle “Dhatupustikara Yoga (granules)” named kalpit yoga taken for research work. A total number of
60 samples were selected from OPD/IPD of National Institute of Ayurveda, Jaipur for study, who are
administered Dhatupusthikar Yoga - (granules) 20 gm before food with warm milk at morning time. The
patients were advised to visit at an interval of 15 days during the study period of two months. By different
Subjective & Objective parameters, observed result was satisfactory.
Key words: Karshya, Dhatupustikara, Santarpana Chikitsa, under- nutrition, PEM, Nutritional
therapy.

‚Ê⁄Ê¢‡Ê∑§Ê‡ÿ¸ ∞∑§ ⁄‚¬˝ºÙ·¡ Áﬂ∑§Ê⁄ „Ò, ¡Ù Á∑§ Áﬂ∑§Ê‚‡ÊË∂ º‡ÊÊ¥ ◊ ÿÈﬂÊ ¬Ë…UË ∑§Ë •ÁŸÿÁ◊Ã ÁºŸøÿÊ¸ ∑§Ê ¬Á⁄áÊÊ◊ „Ò–
•ÊœÈÁŸ∑§ ÁﬂôÊÊŸ ∑§Ë ºÎÁC ‚ ÿ„ ∞∑§ •À¬¬Ù·áÊ ∑§Ë •ﬂSÕÊ „Ò– ª⁄Ë’Ë ∞ﬂ¢ SﬂÊSâÿ Á‡ÊˇÊÊ ∑§Ê •÷Êﬂ ß‚∑§ •ãÿ ∑§Ê⁄áÊ
„Ò¥– ß‚∑§Ë ÁŸáÊ¸ÿ ÷Ê⁄, ’Ë.∞◊.•Êß¸., ∞ﬂ¢ ©⁄U—/ÁS»§∑§ •ŸÈ¬ÊÃ mÊ⁄Ê ∑§Ë ¡ÊÃË „Ò¥– •ÊøÊÿ¸ ø⁄∑§ ∑§ •ŸÈ‚Ê⁄ ‚ãÃ¬¸áÊ ÁøÁ∑§à‚Ê
„Ë ß‚∑§Ê ÁøÁ∑§à‚Ê Á‚hÊãÃ „Ò– ß‚ Á‚hÊãÃ ∑§ •ŸÈ‚Ê⁄ ∞∑§ ∑§ÁÀ¬Ã œÊÃÈ ¬ÈÁC∑§⁄ ÿÙª ∑§Ê ¬˝ÿÙª ß‚ •ŸÈ‚¢œÊŸ ∑§Êÿ¸ ◊¥
Á∑§ÿÊ ªÿÊ „Ò¥– ∑È§∂ 60 ⁄ÙªË ⁄ÊC˛Ëÿ •ÊÿÈﬂ¸º ‚¢SÕÊŸ ∑§ ’Á„⁄X ∞ﬂ¢ •¢Ã⁄X ‚ Á∂ÿ ªÿ Á¡Ÿ∑§Ù 20 ª˝Ê◊ œÊÃÈ ¬ÈÁC∑§⁄ ÿÙª
(∑§áÊ) ÷Ù¡Ÿ ‚ ¬„∂ ‚È’„ ºÈÇœ ∑§ ‚ÊÕ ÁºÿÊ ªÿÊ– ⁄ÙÁªÿÊ¥ ∑§Ù ¬˝àÿ∑§ 15 ÁºŸ ∑§ •ãÃ⁄Ê∂ ¬⁄ 2 ◊Ê„ ∑§ Á∂∞ ’È∂ÊÿÊ
ªÿÊ– ÁﬂÁ÷ãŸ ‚é¡ÁÄ≈Uﬂ ∞ﬂ¢ •ÊÚé¡ÁÄ≈Uﬂ ◊ÊŸ∑§Ù ¬⁄ •Êÿ ¬Á⁄áÊÊ◊ ‚¢ÃÙ·¡Ÿ∑§ ¬Êÿ ªÿ–

*M.D. Scholar **Asst. Professor, Deptt of Swasthavritta, National Institute of Ayurveda, Jaipur
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Clinical Study
Karshya Mein Santarpana Chikitsa Ka
Prabhavatmaka Adhyayana
Dr. Prithvi Raj Tiwari, Dr. Sarvesh Kumar Agarwal
Introduction

Materials And Methods:

There are two main objectives of
Ayurveda i.e., maintenance of the health of
healthy person and restoration of health in the
ailing mankind.
The treatment methods in
Ayurvedic system is holistic and individualized
having two components i.e., preventive and
curative. [1] The preventive aspect of Ayurveda is
called “Swasthavritta” and includes personnel
hygiene, regular daily & seasonal regime and
appropriate social behavior. The curative treatment
consists of the three major constituents, Ahara
(diet), Vihara (lifesyle) and Aushadha (medication).

Research Design:
Present study is a single group clinical study
with pre-test and post-test design. Patients were
selected from the outpatient department of National
Institute of Ayurveda, Jaipur. Karshya patients from
all over The India, who attended the Hospital, were
also included in the study. The samples were selected
from the population consisting of adult patients of
either sex, irrespective of religions, race, socioeconomic status and education, satisfying the
inclusion criteria. A total number of 60 samples were
selected for study, who will be administered
Dhatupusthikar Yoga - (granules) 20 gm before food
with warm milk at morning time. The patients were
advised to visit at an interval of 15 days during the
stud y period of two months.

A majority of the population in the
developing countries suffer from malnutrition and
under nutrition. It forms one of the leading causes
of mortality and morbidity in children as well as in
adult population. Studies in India have shown that
nutritional deficiencies are widely persistent
among adolescent population due to which they
become Krisha. Karshya is present in pure form or
it may be associated symptom with other illness. In
this present study a preparation viz, Dhatu-Pushtikar
Yoga has been used for the treatment of Krisha
people. Dhatu-Pushtikar Yoga is prepared with drugs
Ashwagandha,
Shatawari,
Bala,
Kaunch,
Vidarikanda, Gokshura, Swetamushli,Shunthi,
Maricha and Pippali in the form of granules. All the
drugs are having Rasayana or Brimhana properties
& are Balya in nature. Some of these are capable of
Agnideepana, Srotoshodhana & Vata-Shamana. So
all these properties of these ingredients work as
Dhatu-Poshana, or nourishment of body in
malnourish or Krisha people.

The following materials were used for the
clinical study:
u Dhatu-Pusthikar Yoga (granules)
u Weighing machine
u Measuring tape
Inclusion Criteria:
u Patients of
Karshya have been selected
irrespective of the sex; caste and religion
between the age groups of 19 years to 60 years,
exhibiting less body weight to the extent of 70%
or 80% are included in the study.
u Patient whose Body Mass Index is below 18.5
kg/m2, irrespective of sex.

Aims & Objectives of The Study:
u To prepare an attractive and
formulation for Karashya patient.

Exclusion Criteria:
palatable

Karshya patients, secondary to any illness
such as, Diabeties Mellitus, Cardiac diseases, HIV
infection etc are excluded.

u To evaluate the effect of Dhatu-pushtikar Yoga
in improving the nutritional status in Karshya.
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Diagnostic Criteria:

Marital Status: In this clinical study the
maximum (73.33%) patients were unmarried and
remaining 26.66 % were married.

Patients with BMI below 18.5 kg/m2 were
diagnosed as Karshya.

Profession: In this study, maximum of
63.33% patients were students followed by house
wife 13.33% & govt. servants 7% & 16.66 % were
others in each by profession.

Assessment Criteria:
Improvement is assessed once in 15 days for
two months with following assessment Criteria.
Decrease in signs and symptoms of Karshya, changes
in weight, BMI, and waist hip ratio. The subjective
and objective criteria used for the study are as
follows.

Prakriti: About 63% patients were of Vatapittaja Prakriti that indicates the Pradhana Dosha
involved in the pathology of the disease.Vata Prakriti
persons are prone for Karshya.

Subjective Parameters:
Various features of Karshya had been
considered and grading was given to analyze the
result. Abyhvaharan Shakti, Jarana Shakti, Nidra,
Utsaha, Ayase Shrama, Alasya, Dhamani Jaal
Darshana.

Samhanana and Saara: Maximum
numbers of patients were reported to have Avara
Samhanana (60%) and Avara Sara (40%). Due to
Mamsa-medadi dhatu kshaya, it is obvious that
Avara Samhanana is present in Karshya and it is
natural phenomena that Avara Saara is present in
Karshya. Even though the weight % and BMI of
karshya person is proper they belong to karshya
category, so they are also having good strength.

Objective Parameters:
l

Weight

l

Basal Metabolic Rate (BMI)

l

Circumference of neck, mid-arm, Abdomen, mid
-thigh & waist: hip ratio

l

Hand Grip Exercise For 5 Minute count, Foot
Pressure Exercise For 5 Minute count, walking
time for 200 meters distance.

Satva :In this study, most of the patients
were observed to have Madhyama Satva (70%).Due
to the presence of Alpa Shareera Bala, Karshya
person is having Alpa Satva Bala
Sathmya: Maximum numbers of patients
were reported to have Madhayama sathmya
(73.33%). This may be taken as poor nourishment ie,
Apatarpana (rooksha gunayukta ahara) which
probably may be the cause of the disease.

Observation And Discussion
This single group clinical trial deals with
60 patients of Karshya. The demographic data
recorded during the clinical trial on Karshya was as
follow:

Vyayam Shakti:In this study 43% patients
were noted Madhyam Vyayam Shakti whereas
56.66% were observed Avara Vyayam Shakti. It
explains the role of etiological factors i.e.Ativyayam
in the prevalence of Karshya. Excess of physical
exercise is the major cause of Karshya.

Age: In present clinical trial it was noted
that 63.33% patients of Karshya were from age
group of 18-28 years and 36.66% patients were of age
group of 29-36years. The reason may be the food
habits & stressful lifestyle during this age group.

Agni: Agni Vishamata was observed in
18.30 % patients & Mandata in 63 % patients which
indicates the adoption of improper food habits ie,
Pramithashana & Alpashana in this age.

Sex: 30% of females & 70% of males were
there in sex wise distribution.Lack of nutrition
knowledge can also act as a causative factor.
Religion: In this study 90% patients were
Hindus. This may be the representation of the total
community distribution visiting the hospital.

Abhyavaharana Shakti:
study, 60% patients had Madhyama
Shakti,
23.33
%
patients
Abhyavaharana Shakti & 16.66
Avara Abhyavaharana Shakti.

Socio-economic Status: The observation
of this study showed that maximum number of
patients i.e. 35% belonged to middle class. Reason
may be the maximum number of patients who visits
our hospital belongs to the Socio economical status
of middle class persons.

In this clinical
Abhyavaharana
had Pravara
% patient had

Jarana Shakti: In this clinical study, it was
observed that 63.33 % of patients had Madhyama
Jarana Shakti, 33.33 % patients had Avara
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loss of appetite. Satmya wise distribution: In this
study, the majority (73.33%) patients were
having Madhyama Sathmya, 20% were Avara
Sathmya & remaining 6.66% were Pravara Satmya.

Pravara

Jata Desha: Jata Desha -wise distribution
shows that maximum of 60% patients were
constituted with Jangala Desha, 6.66% were
Anupa Desha and followed by the 33.33 % were from
Sadharana Desha.

Pradhana Vedana: In this series
maximum (23%) of the patients are having
Vyayama Na Sahate Lakshana, 20% are having
Dhamani Jala Darshana, 13% patients are having
Kshudha-Pipasa Na Sahate followed by 10% patients
are having Ati Sheetoshna Na Sahate, 10% patients
are having Aushadham Na Sahate, 10% patients are
having Sphik-udara-g reeva shushkta & 7% patients
are having sthoola parva lakshana.

Samvriddha Desha: Samvriddha Desha wise distribution shows that maximum of 60%
patients were constituted with Jangala Desha, 6.66%
were Anupa Desha and followed by 33.33 % were
from Sadharana Desha.
Vyadita Desha: Vyadhita Desha -wise
distribution shows that maximum of 60 %
patients were constituted with Jangala Desha,
6.66% were Anupa Desha and followed by the
33.33% were from Saadharana Desha.

In present study on observing Dosha Dushti,
majority of the patients had Vata Dusti. In
pathogenesis of Karshya, vitiation of Vata Dosha is
mentioned by Acharyas. In pathogenesis of Karshya,
Vyana Vayu, Pachaka Pitta, And Kledaka Kapha
play important role that have been reflected in
present study.

Diet: Maximum numbers of patients (71%)
were vegetarians & 29% had non-vegeterians
indicating the dominance of Karshya in vegetarians.

Nidana wise distribution: Among the 60
patients registered for treatment.

Nidra: Nidra-wise distribution shows that
maximum of 70% patients were constituted with
sound sleep followed by 30% had disturbed sleep.

1 . Ativyayama was the etiological factor for 24
(40 %) patients.

Vihara : In this series maximum of the
patients are
having
the
habit of doing
ratrijagarana (56.66%), ati vyayama (26.66%) &
followed by ati adhyayana (16.66%) of the patients.

2. Maximum number of patients 46 patients (76.66)
gave the history of Atisevana of Rukshannapana.
3. This was followed by Alpashana 30(50%).

Mala Pravrutti: Majority of (65%) patients
were having regular bowel habit daily, where as 35%
patients were constipative type of bowel habit.

4. Pramitashana caused Karshya in 42 (70%)
patients.
5. 30 (50%) patients suffered from Karshya due to
Atilanghana.

Duration of decreased Body Weight:
Maximum patients (50%) had history of
decreased body weight with duration of 2 yr,
followed by 30%, 20% complained of decreased
body weight since 1yr-1yr. 6mths, and 6 mths- 9
mths duration respectively.

6. Shoka & Chinta were the cause for Karshya in 24
(40%) patients.
7 . Bhaya caused Karshya in 20 (33.33%) patients.
8. Nidra Nigraha by the patient resulted in Karshya
in 18 (30%) patients.

B.M.I: In this series maximum (63.33%)
of the patients are having BMI between 17 –
18,followed by 36.66% between 16 – 17.Satva wise
distribution: In this series max imum (70%) of the
patients are having Madhyama Satva, followed by
30% were Avara Satva.

9. Due to Mala-Mootra Nigraha 26 (43.33 %)
patients suffered from Karshya.
10. As there was no occurrence of Rogas, the point
of Kriyatiyoga is not applicable.
Effect Of Therapy
60 patients of Karshaya were treated with
Dhatu-pusthikar yoga. The effects of this therapy on
the subjective and objective p arameters of karshya
were as follow:

Distribution of Anubandhi Vedana:
In this series, maximum of the patients (46.66%)
are having loss of weight, 30% patients are having
Samanya Daurbalya followed by 23.33 % are having
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1. Objective Parameters
Table-I
Weight and BMI
Parameter

Mean BT.

Mean AT.

% of imp.

SD (±)

SE (±)

t-value

p-value

Weight

46.06

49.11

6.60

1.18

0.15

19.93

<0.0001

BMI

17.16

18.37

7.05

0.57

0.074

16.21

<0.0001

brimhana process. The weight increase may be also
due to the Dugdha Anupana.

Effect on weight:
Before treatment the mean score of weight
was 46.06, which was increased to 49.11 after 60
days. The 6.66% of improvement provided by the
therapy was statistically extremely significance at the
level of P<0.0001 . The highly significant increase
in weight by the Dhatu-pushtikar yoga might be due
to the acceleration of the body growth because of

Effect on B.M.I –
Before treatment the mean score of BMI was
17.16, which was increased to 18.37 after 60 days.
The 7.05% of improvement provided by the therapy
was statistically extremely significance at the level
of P<0.0001. As increase of the BMI depends on the
increased weight

Table-II
Neck circumference
Parameter
Neck cir.

Mean BT. Mean AT.
31.90

33.56

% of imp.

SD (±)

SE (±)

t-value

p-value

5.20

0.70

0.09

18.30

<0.0001

Before treatment the mean score of neck circumference was 31.90, which was increased to 33.56
after 60 days. The 5.20% of improvement provided by the therapy was statistically significance at the level
of P< 0.0001.
Table –III
Mid-arm circumference
Parameter
Mid-arm
circumference

Mean BT. Mean AT.
24.63

26.13

% of imp.

SD (±)

SE (±)

t-value

p-value

6.09%

0.62

0.08

18.60

<0.0001

Before treatment the mean score of mid-arm circumference was 24.63, which was increased to 26.13
after 60 days. The 6.09% of improvement provided by the therapy was statistically significance at the
level of P<0.0001.
Table-IV
Abdominal circumference
Parameter
Abd. Circum.

Mean BT. Mean AT.
66.00

67.80

% of imp.

SD (±)

SE (±)

t-value

p-value

2.70

0.81

0.10

17.01

<0.0001

Before treatment the mean score of abdominal circumference was 66, which was increased to 67.80
after 60 days. The 2.70% of improvement provided by the therapy was statistically significance at the level
of P<0.0001
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Table-V

Waist-hip ratio
Parameter
Waist-hip ratio

Mean BT.

Mean AT.

% of imp.

SD (±)

SE (±)

t-value

p-value

0.77

0.79

3.11

0.10

0.0013

18.37

<0.0001

Before treatment the mean score of waist-hip ratio was 0.77, which was increased to 0.79 after 60
days. The 3.11 % of improvement provided by the therapy was statistically significance at the level of
P<0.001
Table-VI
Mid-thigh circumference
Parameter
Mid-thigh cir.

Mean BT.

Mean AT.

% of imp.

SD (±)

SE (±)

t-value

p-value

35.13

36.76

4.63%

0.66

0.08

19.08

<0.0001

Before treatment the mean score of mid-thigh circumference was 35.13, which was increased to 36.76
after 60 days. The 4.63% of improvement provided by the therapy was statistically significance at the level
ofP< 0.001
In brief, these measurements reflect the variation in the increased fat. So the abdominal
circumference, hip circumference and measurements of such other parts where fat is depleted, is helpful in
assessing the Karshya.
Table-VII
Walking time for 200 mtr distance
Parameter

Mean BT.

Mean AT.

% of imp.

SD (±)

SE (±)

t-value

p-value

Walking time
for 200 mtr
distance

1.71

0.40

76%

0.56

0.07

17.98

<0.0001

Before treatment the mean score of walking time for 200 mtr distance was1.71, which was decreased
to .40after 60 days. The 76% of improvement provided by the therapy was statistically significance at the
level of P<0.0001.
Table-VIII
Hand grip exercise for 5 min
Parameter
Hand grip ex.
for 5 min

Mean BT.

Mean AT.

% of imp.

SD (±)

SE (±)

t-value

p-value

0.96

1.85

91

0.82

0.10

8.20

<0.0001

Before treatment the mean score of hand grip exercise for 5 min was 0.96, which was increased to
1.85 after 60 days. The 91% of improvement provided by the therapy was statistically significance at the
level of P<0.0001.
Table-IX
Foot pressure exercise for 5 min
Parameter
Foot pressure
ex. for 5 min

Mean BT.

Mean AT.

% of imp.

SD (±)

SE (±)

t-value

p-value

1.01

1.83

81%

0.83

0.10

7.5

<0.0001
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Before treatment the mean score of foot pressure exercise for 5 min was 1.01, which was increased
to 1.83 after 60 days. The 81% of improvement provided by the therapy was statistically significance at the
level of P<0.0001.
Table-X
Sleep
Parameter

Mean BT.

Mean AT.

% of imp.

SD (±)

SE (±)

t-value

p-value

1.01

1.88

85

0.74

0.09

8.98

<0.0001

Sleep

Before treatment the mean score of sleep was 1.01 which was increased to 1.88 after 60 days. The 85
% of improvement provided by the therapy was statistically significance at the level of P<0.001 . Some
ingredients of Dhatu-pustikar yoga acted on Srotasses ie, increasing the Sroto Avarodha, which may be the
cause of accumulation of Prakrutha Kapha inside the Srotasses thereby providing moderately significant
relief on Nidra.
In case of Karshya; the peripheral resistance in the body channels is decreased due to the
derangement of Vata Dosha. The Dhatu-pustikar yoga drugs probable mode of action might have been
brought about by the virtue of the Vata Shamaka properties present in the combination, some ingrediants
like Kauch, Ashwagandha etc. brings the normotensive action by a stimulant action on the sympathetic
nervous system at two levels ie, at central vasomotor center & at postganglionic sympathetic nerve fibers.
Some drugs of the combination are Kaphavardhaka & Vatanulomaka properties.
2. Subjective Parameters
Table-XI
Dhamanijaala Darshana
Parameter

Mean BT.

Dhamani jaala
Darshana

2.13

Mean AT.
1.11

% of imp.

SD (±)

SE (±)

t-value

p-value

46%

0.48

0.06

15.90

<0.0001

Before treatment the mean score of dhamani jaala darshana was 2.13, which was decreased to 1.11
after 60 days. The 46% of improvement provided by the therapy was statistically significance at the level of
P<0.001. Dhamani Jaal Darshana symptom is due to Mamsa-Meda Dhatu Ksheenata. So if the nourishment
is proper it is going to reduce the symptom gradually.
Table-XII
Abhyavarana Shakti
Parameter
Abhyavarana
shakti

Mean BT.
1.96

Mean AT.
1.25

% of imp.

SD (±)

SE (±)

t-value

p-value

92%

0.74

0.09

9.86

<0.0001

Before treatment the mean score of abhyavarana shakti was 1.03, which was increased to 1.98 after
60 days. The 92% of improvement provided by the therapy was statistically significance at the level of
P<0.001. The reduced Abhyavarana Shakti manifests due to Agni Vaishamya. The Agni is stimulated by the
ingredients that are present in the Dhatu-pustikar yoga.Hence there may be increase in Abhyavarana Shakti.
Table-XIII
Jarana Shakti
Parameter
Jarana shakti

Mean BT.
1.06

Mean AT.
2.35

% of imp.

SD (±)

SE (±)

t-value

p-value

120%

0.84

0.10

11.75

<0.0001
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Before treatment the mean score of jarana shakti was 1.06, which was decreased to 2.88 after 60
days. The 120% of improvement provided by the therapy was statistically significance at the level of P<0.0001
. The drugs in this combination have deepana & pachana properties. This stimulates the Jatharagni. Due to
this probably the Jarana Shakti of the individual improves.
Table-XIV
Utsaha
Parameter
Utsaha

Mean BT.
1.15

Mean AT.
2.01

% of imp.

SD (±)

SE (±)

t-value

p-value

74%

0.67

0.08

9.93

<0.0001

Before treatment the mean score of utsaha was 1.15, which was increased to 2.01 after 60 days. The
74% of improvement provided by the therapy was statistically significance at the level of P<0.001. Due to
Madhura Rasa, Sheeta Veerya, Snigdha Guna of Dhatu-pustikar yoga counteracts the Vata Dushti & thus
Rasa dhatu gets corrected & so increase in utsaha is seen.
Table-XV
Alashya
Parameter
Alasyata

Mean BT.
1.98

Mean AT.
1.20

% of imp.

SD (±)

SE (±)

t-value

p-value

39.90%

0.83

0.10

10.99

<0.0001

Before treatment the mean score of alasyata was 1.98, which was decreased to 1.20 after 60 days.
The 39.90% of improvement provided by the therapy was statistically significance at the level of P<0.0001.
As the Dhatu-pustikar yoga acts on rectifying the Agni & enhancing the Dhatu Poshana.
Table-XVI
Ayase Shrama
Parameter
Ayase Shrama

Mean BT.
2.71

Mean AT.
1.55

% of imp.

SD (±)

SE (±)

t-value

p-value

42

0.58

0.07

15.39

<0.0001

Before treatment the mean score of ayase shrama was 2.71, which was increased to 1.55 after 60
days. The 42% of improvement provided by the therapy was statistically significance at the level of P<0.0001.
Due to Rasa-Raktadi dhatu Kshaya, Ayase Shrama is seen in Karshya persons. Due to Bhrimhanopaya, Bala
Vriddhi is seen in the body & Ayase Shrama is gets pacified.
Table Showing Distribution Of Results
Anthropometric Values
Statistical test

Wt

BMI

N.C

MA.C

ABD.C

W-H.R

MT.C

B.T

46.06

17.16

31.90

24.63

66.00

0.77

35.13

A.T

49.11

18.37

33.56

26.13

67.80

0.79

36.76

M.D

3.05

1.21

1.66

1.50

1.80

0.02

1.63

% of imp

6.60

7.05

5.20

6.09

2.70

3.11

4.63

S.D

1.18

0.57

0.70

0.62

0.81

0.01

0.66

S.E

0.15

0.07

0.09

0.08

0.10

0.0013

0.08

“t” value

19.93

16.21

18.30

18.60

17.01

18.37

19.08

“p” value

<.0001

< .0001

< .0001

< .0001

< .0001

< .001

< .0001
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It also highly significantly increased anthropometric measurements like weight (6.66%),neck
circumference (5.20%),abdomen circumference (2.70%), waist-hip ratio (3.11%), mid-arm circumference
(6.09%), mid-thigh circumference (4.63%) and B.M.I (7.05%). Increase in body weight, B.M.I, neck, midarm, abdominal, waist-hip circumference, depends upon the proportion of fat. Fat is very minimum than
lean body mass and occupies less area in the body. So when the proportion of fat increases simultaneously
body weight, B.M.I and body circumference also increases. When it increases all these parameters also
increases.
Subjective & Objective Symptoms
Statistical
test

DJD

B.T

2.13

1.03

1.06

1.71

0.96

1.01

1.01

A.T

1.11

1.98

2.88

0.40

1.85

1.83

M.D

1.00

0.95

1.81

1.31

0.88

46.90

92

70

76

S.D

0.48

0.74

0.99

S.E

0.06

0.09

“t” value

15.90

9.86

“p” value

<.001 <.0001 <.0001

% of imp

AB.S. JARA.S

WT
HGE
200m
for
dist
5 min

FPE
for
5 min

Nidra Alasya

Utsaha

Ayase
shrama

1.98

1.15

2.71

1.88

1.20

2.01

1.55

0.81

0.86

1.32

0.86

1.16

91

80

85

39

74

42

0.56

0.82

0.83

0.74

0.69

0.67

0.58

0.12

0.07

0.10

0.10

0.09

0.08

0.08

0.07

14.07

17.98

10.87

7.5

8.98

8.77

9.93

15.39

<.001

<.001

<.001

<.001

<.001

<.0001

<.001

Dhatu-pushtikar yoga provided significant relief in Nidra (85%), Utsaha (74%), Ayase Shrama (42%),
Alasya (39 %), Dhamani Jaal Darshana (46%), Abhyavarana Shakti (92%), Jarana Shakti (70%), Vyayama
Shakti in terms of walking time for 200mtr distance (76%), hand grip exercise for 5 minute (91%) and foot
pressure exercise for 5 minutes (80%).
Karshya patients are prone for infections;
hence treatment should be aimed to fulfill their
nutritional requirements. The formulation Dhatupushtikar yogis such a nutritious medicament which
possesses Guru, Snigdha Guna, Sheeta Veerya,
Kaphavardhaka & Vata Shamaka properties,
economical, easy to administer, palatable and can be
practiced for a longer duration.

DISCUSSION
Karshya is a Rasapradoshaja Vikara seen in
majority of adult population in developing countries.
[2]
This results due to inadequate intake of nutritious
food and lack of awareness regarding its importance.
Poverty & lack of personal hygiene are the other
causative factors which contribute in the
manifestation of the Karshya. Under nutrition may
be seen in an adult population due to deficiency of
essential nutrients such as proteins, carbohydrates,
vitamins, minerals & other micro-nutrients. Since
India is a poor & developing country where socioeconomic status of the majority of population is low,
the quality of life determines under nutrition. On
global scale, kwashiorkar, marasmus & nutritional
anaemias are three principle nutritional deficiency
diseases that are being recorded the highest priority
action.

Mode of action of Dhatu-pushtikar yoga:
Karshya is considered as one of the
Apatarpana Janya Vikara.[3] Karshya needs to be
corrected by Santarpana measures. [4] Dhatupustikar yoga might be producing the Brmhana
effect on the different tissues of the body. As the
formulation possesses Madhura Rasa, Snigdha Guna,
Sheeta Veerya & Madhura Vipaka having Vata Pitta
Shamana and Kapha Vardhaka effect.
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Dravya like Shunthi, Maricha, which have
Ushna Veerya cause Kapha-Vata Shamana & Pitta
Vardhana. These act at the level of Dhatwagni.
Shunthi & Pippali acts as Pitta Shamaka & Vata
Kapha Vardhaka due to their madhura vipaka.
Gokhshura have sroto sodhak property. These in
turn helps in relieving the sanga, which has occurred
in rasavaha srotas & further dilates the srotas.
Maximum contain have the property of balya &
poshan guna. It thus nourishes the body.
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Summary And Conclusion
l

In this study Dhatu-pushtikara yoga showed
good result in relieving the subjective criteria’s
viz. Samanya Daurbalya, loss of appetite, loss of
weight, Aayase Shrama & Abhyavarana Shakti
as well as Jarana Shakti and objective criteria’s
viz. weight, B.M.I, neck circumference, mid-arm
circumference, abdomen circumference, waisthip ratio and mid-thigh circumference.

l

The formulation Dhatu Pushtikar yoga has been
found palatable and attractive for the patients.

l

The effect of Dhatu Pushtikar yoga is due to its
Agnivardhak, Srotosodhan and Balya property.

l

Any side effect or any other complain by the
patient was not found during the study.

l

The drug is useful on the parameter of safety and
efficacy.

l

The most difficult part of the study was
convincing the patient of underweight those did
not have significant problem with their
underweight even though they had the risk of
nutritional deficiency diseases.
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Clinical Study
Evaluation of efficacy of classical management of Amavata
*Dr. Madhu singh
Absract
Amavata contributes too much morbidity in the patients , so classical therapeutic regimen adopted
for this.In this study 30 patients of Amavata were selected from OPD and IPD of National Institute of
Ayurveda, Jaipur. Patients of Amavata were taken for the study following the criteria of diagnosis of
Rheumatiod arthritis (according ARA) in modern medicine and clinical features of Amavata described in
Madhav nidan. Patients were devided in two groups A and B.
l

Group A - 15 patients were receiving Rasnadwadash kwatha in the dose of 20 ml twice a day with snehan
and swedana (30 days).

l

Group B- 15 patients were taking classical management.

It was observed that group B showed highly significant (p<0.001) results in morning stiffness, joint
swelling joint pain etc. and significant (p<0.01) results in group A.

‚Ê⁄Ê¢≥Ê ﬂÃ¸◊ÊŸ ‚◊ÿ ◊¥ •Ê◊ﬂÊÃ ∞∑§ √ÿÊ¬∑§ M§¬ ‚ ¬ÊÿË ¡ÊŸ ﬂÊ‹Ë √ÿÊÁœ „Ò •Ã— ß‚ √ÿÊÁœ ∑§ ÁøÁ∑§à‚Ê ‚ÍG ¬⁄
•äÿÿŸ ∑§⁄Ÿ ∑§Ê ÁŸ‡øÿ Á∑§ÿÊ ªÿÊ, ß‚ „ÃÈ 30 •Ê◊ﬂÊÃ ⁄ÙÁªÿÙ¥ ∑§Ê øÿŸ ⁄ÊC˛Ëÿ •ÊÿÈﬂ¸º ‚¢SÕÊŸ ‚ Á∑§ÿÊ– ⁄ÙÁªÿÙ¥ ∑§
øÿŸ ∑§Ê •ÊœÊ⁄ ◊ÊœﬂÁŸºÊŸ ◊¥ ’ÃÊÿ ª∞ •Ê◊ﬂÊÃ ⁄Ùª ∑§ ‹ˇÊáÊ ÃÕÊ •ÊœÈÁŸ∑§ ◊Ã ‚ ∞. •Ê⁄. ∞. ∑§ ◊Ê¬Œá«U ∑§Ù ◊ÊŸÊ
ªÿÊ– ºÙ ﬂª¸ ’ŸÊ ∑§⁄ ⁄ÙÁªÿÙ¥ ¬⁄ •äÿÿŸ Á∑§ÿÊ ªÿÊ – ﬂª¸ “•” ∑§ 15 ⁄ÙÁªÿÙ¥ ∑§Ù 20 Á◊‹Ë. ⁄ÊFÊmÊm≥Ê `§ÊÕ ÁºŸ ◊¥ ºÙ
’Ê⁄ F„Ÿ -SﬂºŸ ∑§ ‚ÊÕ 30 ÁºŸ Ã∑§ ÁºÿÊ ªÿÊ– ﬂª¸ “’” ∑§ ≥Ê· 15 ⁄ÙÁªÿÙ¥ ∑§Ë •Ê◊ﬂÊÃ ∑§ ÁøÁ∑§à‚Ê ‚ÍG ∑§ •ŸÈ‚Ê⁄
ÁøÁ∑§à‚Ê ∑§Ë ªÿË– ¬Á⁄áÊÊ◊ ∑§Ê •Ê∑§‹Ÿ ∑§⁄Ÿ ¬⁄ ﬂª¸ “’” ∑§ ⁄ÙÁªÿÙ¥ ◊¥ •¬ˇÊÊ∑Î§Ã •Áœ∑§ ‹Ê÷ ¬˝Ê# „È•Ê–

*Assistant professor, Department of Rog Nidana, Bundelkhand Govt Ayurvedic college Jhansi.
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Clinical Study
Evaluation of efficacy of classical management of Amavata
Dr. Madhu Singh

Introduction
dosha, rendering in turn the target joints free from
immunological inflammation and secondary
manifestations like pain. Keeping this in view we
adopted the classical management of Amavata that
is described by chakrdutta.

Amavata as a specific disease entity came
into existence first time by Madhavkar(900 AD),
who described the distinct etiopathogenesis and
symptomatology for it and devoted a full chapter on
this disease in
Madhav nidana 2 Ayurvedic
philosophy describes Amavata with symptom
complex similar to many of Rheumatic diseases
described in modern classics. Amavata (Rheumatic
disorders) does not cause much mortality but they
significantly contributes to the morbidity and affects
the quality of life.

Plan of study 30 patients of Amavata were selected from
OPD and IPD of National Institute of Ayurveda,
Jaipur. Patients of Amavata were taken for the study
following the criteria of diagnosis of Rheumatiod
arthritis(according ARA)5 in modern medicine and
clinical features of Amavata described in Madhav
nidan.

Rheumatic diseases cover a large part of
medicine and affect a very large number of people
in different countries worldwide4 . Few Rheumatic
diseases recognised as the most devastating,
Rheumatiod arthritis is highly ranked in this group.
Amavata has great resemblance with Rheumatiod
arthritis This is the reason for considering the
Amavata (RA) in the cllasical management part.
Although many drugs are available for the treatment
of Rheumatiod arthritis in modern era, but the drug
therapy is not satisfactory. Drugs which are being
used for the treatment are only palliative, thus many
patients seek Ayurvedic therapy in the hope of
complete cure.

Inclusion criteria- patients of mild and
moderate degree of presentation were included in
the present study.
Exclusion criteria- patients of severe
degree of presentation were excluded in the study
Trial drug
1 . Rasnadwadash kwatha (Yog ratnakar)
2. Dashmula taila (
3. Saindhwadi taila (charaka samhita)1
4. Kshar basti ( vaitarna basti-Chakradutta)

Ayuveda links this disease with the diathesis
of Agni which in turn leads to accumulation of a
variety of byproducts of faulty digestion and
metabolism in the system. Such morbid mentioned
pathophysiology of Amavata around Agni and Ama.

Groups of the patients- Patients were
devided in two groups A and B. Group A - 15 patients
were receiving Rasnadwadash kwatha in the dose
of 20 ml twice a day with snehan and swedana (30
days).

Materials and Methods-

Group B- 15 patients were taking classical
management

Aims and Objectives—
Amavata can not be treated by only one or
two pharmacological drugs rather it involves a
comprehensive therapeutic regimen design to
influence the total disease diathesis and to break the
chain of events involving promotion of agni,
exhaustion of ama, palliation of aggravated vata

*

Rasnadwadash kwatha in the dose of 20 ml
twice a day from 1st day onwards till the
completion of follow up (30 days)

*

Snehan karma as Abhyanga with Dashmula taila
and Swedana karma from day 1st.

*

Basti was given from 15th day
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6. Praseka(Excessive salivation)

1 . Saindhwadi anuvasana basti
2. Kshar basti

0. Absent

Assessment of clinical profile

1 Present but not complained

Subjective parameters

2. Present and complained

1. Sandhi shula(joint pain)

3. Distressing in social life
7. Aruchi(loss of appetite)

0 . No pain

0. Absent

1 . Slight pain( no need of an analgesic)
2. Moderate
analgesic)

pain(sometimes

needed

1. Complained but not present with associated
features

an

2. Complained for loss of appetite and some
associate features

3. Severe pain(only relieved by analgesics)
4. Extremely severe or agonising pain(not
completely relieved by analgesics.

3. Complained and present with associated
clinical features

2. Sandhi shotha(joint swelling)

8. Gaurava(heaviness of body and joint)

0 . No swelling

0. Absent

1 . Feeling of swelling + Heaviness

1. Mild(present for less than half hour)

2. Apparent swelling

2. Moderate(present for less than one hour)

3. Huge swelling

3. Severe(more than one hour)

3.Stabdhata (stiffness)

9. Utsahahani (lack of vigour)

0 No stiffness
1. < 1 hour

0 . Absent

2. 1-2 hour

1. Lack of interest in social interaction

3. 2-3 hour

2. Lack of interest in profession

4. > 3 hour

3. Lack of interest in daily routine

4. Klaivya(fatigue)

10. Mukh vairasya (perverted taste)

0. After > 6 hours

0. Absent

1. 4-6 hours

1. Complained, no associated features

2. 2-4 hours
3. 1-2 hours

2. Complained with some associated features

4. < 1hours

3. Present with associated features

5 Agnimandya(poor digestion)

11. Bahumutrata (poly urea)

0. Absent

0. Absent

1 . Transiently present, no associated symptoms

1. Urine > 3/night time

2. Present for long period, less associated
symptoms

2. Urine > 5/night time

3.Regular
symptoms

resence

with

much

3. Urine > 7/night time

associated
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12. Kukshikathinya (heaviness in abdomen)

1. Heaviness in chest

0. Absent

2. Pain during physical activity

1. Transient

3. Pain during respiratory movement

2. Frequent

19. Murccha (faintness)

3. Regular

0. Absent

13. Nidraviparyaya (sleep disturbance)

1. Rare

0. Absent

2. Often

1. Sleep < 6 hours/night

3. Very often

2. Sleep < 4 hours/night

20. Koshthabaddhta (constipation)

3. Sleep < 2 hours/night

0. Absent

14. Trishna (thirst)

1. Motion once a day but not at regular interval

0. Absent

2. Alternate day

1. Only feeling

3. Interval for more than one day

2. Marginally excess water intake

21. Jwar (fever)

3. Much increased water intake

0. Absent

15. Chardi (vomiting)

1 Only feeling

0. Absent

2. Temperature above normal but < 100 F

1. Only feeling of nausea

3 . Temperature > 100 F

2. Water brash

Objective parameters 6

3. Real vomiting

1 . Walking time

16. Bhrama (giddiness)

0. Time taken by the patients upto 20 seconds
for fixed distance

0. Absent

1. 31-45 seconds

1. Transient

2. 46-60 seconds

2. Frequent

3. 61- 120 seconds

3. Regular, affecting routine activity

4. > 120 seconds

17. Daha (burning sensation all over the body)

2. Grip power and pressing power.(By gripping
inflated cuff of a sphygmomanometer.)

0. Absent
1. Transient

0. > 120 mm of Hg

2. Frequent

1. 100-120 mm of Hg

3. Regular and always

2. 80- 100 mm of Hg

18. Hridgrah (chest tightness or pain)

3. 60- 80 mm of Hg

0. Absent

4.< 60 mm of Hg
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3. Functional index

Laboratorical investigations
1. Haemoglobin

0. Fit for all activities- no handicap

2. Total leucocyte count

1. Mild restrictions and can do therir routine
work

3. Differential leucocyte count
4. Erythrocyte sedimentation rate

2. Moderate restrictions and can do light workunemployable

5. C reactive protein
6. Rheumatiod factor

3. Marked restrictions- limited self care

7. Radiological changes

4. Completely bed ridden

8. Anti cyclic citrullinated peptides test (A ccp
test)

Observations and resultsTable showing the number of joint involved in 30 patients of Amavata.
S. N.
1

Joint

No.of patients

percentage

Temporomandibular

02

6.66%

2

Cricoarytenoid

02

6.66%

3

Sternocostal

03

10%

4

Acromioclavicular

02

6.66%

5

Shoulder

22

73.33%

6

Elbow

20

66.66%

7

Wrist

28

93.33%

8

Carpals

29

96.66%

9

Spine

04

13.33%

10

Cervical spine

05

16.66%

11

Lumber spine

023

76.66%

12

Sacroiliac

04

13.33%

13

Hip

05

16.66%

14

Knee

25

83.33%

15

Ankle

20

66.66%

16

Tarsals

25

83.33%

Above table is showing that 96.66%cases had carpals joint involvement and wrist joint involved in
93.33% of cases while least number of patients (2) were having temporomendibular and Cricoarytenoid joint
involvement.
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Table showing results in group A

S.
No.

Symptoms

n

Mean
BT

Mean
AT

Mean
%

t

p

Remark

1

Sandhi stabdhata

15

2.27

I.80

20.59

1.97

<0.05

S

2

Sandhishula

15

2.87

2.33

18.60

2.48

<0.025

S

3

Sandhishotha

15

2.60

2.07

20.51

2.78

<0.01

S

4

Shunata

13

2.00

1.38

30.77

4.38

<0.001

HS

5

Agnimandhya

9

1.89

1.22

35.29

2.83

<0.01

S

6

Utsahahani

8

1.88

1.13

40.00

3.00

<0.01

S

7

Gaura

7

1.86

1.00

46.15

2.52

<0.025

S

8

Aruchi

7

1.57

1.00

36.36

1.92

<0.05

S

9

Kukshikathinaya

6

1.50

0.67

55.56

2.08

<0.05

S

10

Nidraviparyay

6

1.83

1.00

45.45

2.71

<0.025

S

11

Daha

4

1.75

1.25

28.57

1.73

<0.1

IS

12

Koshthabadhata

12

1.92

1.25

34.78

2.97

<0.01

S

13

Walking time

15

2.07

1.40

32.26

2.65

<0.01

S

14

Pressing time

15

2.00

1.53

23.33

2.82

<0.01

S

15

Grip power

15

2.00

1.53

23.33

2.83

<0.01

S

16

Functional index

15

2.00

1.60

20.00

2.45

<0.025

S

Table showing results in group B
S.
No.

Symptoms

n

Mean
BT

Mean
AT

Mean
%

t

p

Remark

1

Sandhi stabdhata

15

2.07

0.73

64.52

6.32

<0.001

HS

2

Sandhi shula

15

3.20

1.07

66.67

8.32

<0.001

HS

3

Sandhishotha

15

2.93

1.00

65.91

8.47

<0.001

HS

4

Shunata

14

1.93

1.07

44.44

2.92

<0.01

S

5

Agnimandhya

10

1.70

0.80

52.94

9.00

<0.001

HS

6

Utsahahani

13

1.62

0.69

57.14

12.00

<0.001

HS

7

Gaurav

13

1.62

0.77

52.38

5.50

<0.001

HS

8

Aruchi

13

1.77

0.85

52.17

12.00

<0.001

HS

9

Kukshi kathinaya

10

1.7

0.50

70.59

9.00

<0.001

HS

10

Nidraviparyay

9

1.89

0.78

58.82

10.00

<0.001

HS

11

Daha

10

1.70

0.50

70.59

9.00

<0.001

HS

12

Koshthabadhata

11

2.00

0.64

68.18

8.96

<0.001

HS

13

Walking time

15

2.40

1.07

55.56

10.58

<0.001

HS

14

Pressing time

15

2.33

1.07

54.29

8.26

<0.001

HS

Grip power

15

2.34

1.07

54.29

8.26

<0.001

HS

Functional index

15

2.20

1.07

51.52

6.86

<0.001

HS

15
16
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Overall improvement
Improvement

Group A

Groop B

Clinical improvement

33.77%

60.02%

Functional improvement

24.73%

53.79%

Group B is showing more improvement in comparison of Group A
Discussion
Schematic approach of the management of Amavata at various levels of Ama-(Samprapti vighatana)
Amavata nidana

Nidana parivarjana

Mandagni

Measures to improve agni
1.Langhan 2, Deepan

Koshthagata Ama

Measures to digest Ama
1. Pachan
Measures to eliminate Ama
1. Virechan
2. Basti

Dhatugata Ama

Measures to dissociate and digest Ama
1. Pachan

Srotorodha

local measures to control symptoms

(sthan sanshraya in sandhi)

1. Snehana
2. Swedana

Amavata

Discussion on probable mode of action of
these drugs:

obstructed srotas and hence to relieve Ama from
local sites. This is mainly done by Snehana and
Swedana in Amavata, in sama state of Amavata

Dashmula taila and Baluka Swedana-

where the kapha is predominant, Swedana is usually
applied in dry form, so we took Baluka Swedana for

In Amavat joint symptoms are mainly
produced by the Srotorodha at local sites and thus
here the intervention is intended to clear

above purpose. In charak samhita Swedana is

the
85

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com

Journal of Ayurveda

Vol.IX No.1 Jan-Mar 2015

indicated in various neuromuscular disease and
connective tissue disorders mainly in pain, stiffness,

may hamper the digestion process specially in the
stomach. The later phase of digestion is carried out

swelling and deformity. The main symptoms of
Amavata are stiffness, pain, swelling etc. So it is very

in the alkaline medium and thus any alkaline infusion
given per rectally may be helpful in improving

useful in subsiding these symptoms. Dashmula taila
has Vatashamaka, Balya, Anulomaka, Deepana and

digestion. It improves the metabolic status,
absorption from intestinal mucosa and clinical status

Pachana properties, so it is expected that it may
produce local as well as systemic effects throughout

of Amavata.
Discussion on clinical findings –

the body.

A comprehensive management schedule of
Amavata has been mentioned in chakrdutta(25th

Rasnadwadasha kwatha –

chapter).Swedana has been one of those measures,
which is specifically indicated in Ama condition.

Very important measures in the management
of Amavata is to stop the further formation of Ama
by improving Agni and to digest the existing Ama

Swedana is supposed to be interfering the disease
process as a whole, in addition to amelioration of

in the body,. Deepana and Pachana are very specific
measures for these purpose.

symptom. Other measures includes
Pachana, Virechana and Basti.

In Rasnadwadasha kwatha most of the

Langhana,

It was observed that group B showed highly

drugs like Ativisha, Abhaya, Shunthi etc. have
Deepana Pachana properties and Rasna.Shatavari

significant ( p < 0.001) results in morning stiffness,
joint swelling and joint pain and significant (p < 0.01)

Duralabha Devdaru, Vacha etc. have Vatakapha
shamaka action. Shatavari, Guduchi, Abhaya etc.

results in group A. In agnimandya, aruchi group B
showed better results in comparison of group A.1n

worked as Balya and Rasayana along with sthapaka
property of Guduchi, Shunthi , Eranda, Devdaru,

nidraviparya, koshthabadhata and kukshikathinya
group B showed highly significant (p<.001) results

Vacha leading to relieving of various symptoms of
Amavata.

but group A showed significant results only because
group B was administered Rasnadwadashkwatha

Probable mode of action of basti chikitsa-

along with basti. Group A showed significant (p
<.010 ) improvement in walking time, pressing

Mainly three things are to be considered -

power and grip power but Group B showed highly
significant result.

1. Probable extent of basti dravyas reaching the
gut.

Group B showed significant results in

2. Mechanism of excretion of basti dravya.

haematological changes over group A.

3. Mechanism of absorption of basti dravya.

Discussion on demographic findings-

In this research Anuvasna basti with
saindhwadi taila and kshara basti has been

l

Majority of the cases were of age group( 3140),as it is mainly found in adults.

introduced. Saindhwadi taila is processed from
erand tail and drugs which are having ushna, katu,

l

tikta substances, erand taila was the main ingredients
of basti tail so it may cause virechna effect even

Observed that female patients 77.77% are more
suffering from disaster.

l

when given in the form of basti.

In this study most of the patients 55.55% were
belonging to urban area.

Kshara basti is prepared from alkaline
substances which are having pachaka properties.

l

These if taken orally should have been more effective
but as the initial phase of digestion is carried out in

Majority of the patients 80% had Rasa sara as it
is the disease of Rasvaha srotasa.

l

acidic media, any oral in take of alkaline substance

The present criteria of diagnosis of this disease
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has been given importance of hand joints, in this
study carpal 97% wrist 91% knee 71% ankle
53.33% were found to be involved in majority of
cases.
Conclusion Rasanadwadasha kwath along in the dose of
20ml, 1 with Dashmula taila, baluka Sweda and
basti ( Saindhwadi anuvasana, Kshar basti) gives
excellent results in
Amavata.

samprapti vighatana of
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Clinical Study
Clinical Evaluation of Efficacy of KutajghanVati &
Yonikanduhar Malhar in the management of Acharana
Yonivyapad W.S.R. to Pruritus Vulvae
*Dr. Pushpa Rai, **Dr. B. Pushpalatha, ***Dr. Sushila Sharma
Abstract:
In classical Ayurvedic texts twenty types of yonivyapad have been described and almost all the
gynecological disorder comes under the term yonivyapad among these Acharanayonivyapad is also
prevalent. Acharanayonivyapad present main symptom as yonikandu so it is correlated with pruritus vulvae.
Pruritusvulvae are a symptom which is experienced by 10% of womenattending gynecological clinics. It
presents a clinical problem of unusual difficulty because it has many possible causes and unless the cause is
found, the treatment is unsatisfactory. The sufferer from intractable pruritus is in worse plight than one who
experiences pain because itching is not relieved by the simple expedient of giving analgesics. There is no
complaint which deserves more conscientious and sympathetic study. So to deal with such an intractable
problem the present study has been planned.
In this present research work 30 patients of Acharana Yonivyapad (Pruritus vulvae) were studied
by randomly dividing them into three groups. Patients of first group were given Kutajghanvati only, the
next group was given Yonikanduharmalhar and third group of patients were given both the formulations
simultaneously. The duration of the treatment was 21 days in all the groups with weekly evaluation of the
patients. The analysis based on subjective and objective indices reveled that all the three regimens are found
to be effective while the group treated with combination of therapy reflected best improvement in Yonisrava
& Yonidaurgandhya.
Key words:- Acharana Yonivyapad, Pruritus vulvae, Kutajghanvati, Yonikanduharmalhar

‚Ê⁄Ê¢‡Ê
¬˝SÃÈÃ ‡ÊÙœ¬G ◊¥ ∑È§≈U¡ ÉÊŸﬂ≈Ë ∞ﬂ¢ ÿÙÁŸ ∑§á«ÍU„⁄ ◊∂„⁄ ∑§Ê ÿÙÁŸ∑§á«ÍU ◊¥ ÁøÁ∑§à‚Ëÿ •ﬂ∂Ù∑§Ÿ ∑§Ê ¬˝ÿÊ‚ Á∑§ÿÊ
ªÿÊ „Ò– •äÿÿŸ ◊¥ 30 ⁄ÙÁªÿÙ¥ ∑§Ù ÃËŸ ﬂªÊ¸ ◊¥ Áﬂ÷ÊÁ¡Ã ∑§⁄ •ŸÈ‚¢œÊŸ ∑§Ë ¬˝øÁ∂Ã ‚Ê¢Åÿ∑§Ë ∑§ ‚„ÿÙª ‚ √ÿÊÁœ ¬⁄
¬˝÷Êﬂ ∑§Ê ÁﬂSÃÎÃ •äÿÿŸ Á∑§ÿÊ ªÿÊ „Ò– ß‚ ‡ÊÙœ ∑§Êÿ¸ ◊¥ ÿÙÁŸ ∑§á«ÍU ÁøÁ∑§à‚Ê ◊¥ ∑È§≈¡ œŸﬂ≈Ë ∞ﬂ¢ ÿÙÁŸ ∑§á«ÍU „⁄◊∂
„⁄ ºÙŸÙ¥ „Ë ‚ÊÕ¸∑§ Á‚h „È∞ ¬⁄ãÃÈ ºÙŸÙ¥ ∑§Ê ∞∑§ ‚ÊÕ ¬˝ÿÙª ‡ﬂÃ¬˝º⁄ ∞ﬂ¢ ÿÙÁŸ ºÊÒª¸ãäÿ ◊¥ ‚ﬂÊ¸Áœ∑§ ∂Ê÷∑§Ê⁄Ë Á‚h „È•Ê–

*M.S. Scholar, **Asstt. Prof., ***Asso.Professor & Head, P.G. Deptt. of Prasuti & Stri Roga, National Institute of
Ayurveda,
Jaipur
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Clinical Study
Clinical Evaluation of Efficacy of KutajghanVati &
Yonikanduhar Malhar in the management of Acharana
Yonivyapad W.S.R. to Pruritus Vulvae
Dr. Pushpa Rai, Dr. B. Pushpalatha, Dr. Sushila Sharma
Introduction

physiology of vagina so that pathogenic organisms
do not grow further. So, it is an effort to search
effective Ayurvedic treatment for this disease.

In today's era, horizons of the Ayurvedic
treatment in regard to striroga have increased
tremendously. For almost all Gynecological
problems, patients are turning to the Ayurvedic
treatment modality. Irregularities of menstrual
cycles, infertility & white discharge such other
complaints can be tried to solve efficiently by this
medical science.

Aims & Objectives –

In Ayurvedic classics most of the
gynecological disorders are described under the
heading of “Yonivyapad”. The word “Yoni” denotes
female genital tract as a whole vaginal canal and
uterus etc. 1 The word “Vyapad” means disorders.
Thus, the diseaseof the genital tract as a whole,
vagina and uterus ought to be taken from the word
“Yonivyapad”. The diseases interfering with normal
marital life, pregnancy, defectivedevelopment of
female genitalia, different types of abnormal vaginal
infections, hormonal abnormalities, displacement
etc. are included under Yonivyapad. Total 20 types
of Yonivyapad have been described in all the
Ayurvedic textswhich are caused by Mithyachara
(mithyaahara and mithya Vihara), Artavadosha,
Beeja Dosha and Daiva Prakopa.2

l

Conceptual
&
clinical
studies
on
Acharanayonivyapada w.s.r. to Pruritus vulvae.

l

Clinical evaluation of the efficacy of
Kutajghanvati & Yoni kanduharmalhar in the
management of Pruritus vulvae (Yonikandu).

Materials & Methodsl Drug & Grouping of Patients:
l Group A: 10 patients were treated with
Kutaj Ghan Vati 2-2 vati thrice a day (for 21
days).
l Group B: 10 patients were treated with Yoni
Kandu Harmalhar 3-3 gm twice a day (for 21
days)
l Group C: 10 patients were treated with
bothvati & malhar will be used 2-2 vati thrice a
day 3-3 gm malhar twice a day. (For 21 days).
l Criteria for selection of Drugs:In the present study Kutaj Ghan Vati was
selected for the oral administration as referred
from the Sidhayogasangraha & Yoni Kandu
Harmalhar (kalpitayoga).

The symptoms of Acharana Yonivyapad 3
and pruritus vulvae are quite similar. In modern
medicine, antibiotics, antifungal & steroids are
treatment for pruritus vulvae, 4 but excessive &
inadequate use of these drugs may lead to produce
micro-organisms resistant . Due to this problem, we
should think about some alternative methods to
treat this disease. Since antimicrobials may destroy
normal vaginal flora 5 & hence disturb the normal
physiology of vagina, they (systemic antibiotics) also
cause GIT disturbances like nausea, vomiting,
diarrhoea (i.e. pseudo diarrhoea because they
destroy the normal intestinal flora).6 But while using
Ayurvedic drugs, these are free from these side
effects. These drugs mainly restore the normal

Most of ingredients in Kutaj ghanavati &
Yonikandu harmalhar are Kashaya Rasa, Ruksha
Guna and Kapha Dosha Nashaka, Kandughna,
Krimighna
Vranashodhana,
Vranaropana,
Shothahara properties. They have been reported to
exertastringent, analgesic, anti-inflammatory,
antimicrobial, antiprotozoal andantifungal properties
etc.
Contents of Yoni Kandu Har Malhar (Kalpita
yoga)
l Guduchi, Haritki, vibhitaki, Amlaki, Danti,
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5. Patients having other systemic illness like–
Anemia, Diabetes mellitus, tuberculosis, severe
HT, Jaundice etc.

Haridra, Chakramard, Karanj (all in equal quantity2kg- 2kg each) Mulethi -1kg
Menthol crystal -100gm, Shubhra bhasm
250gm, Nimb tail ½ lit.

Laboratory Investigations
l Before Treatment -

Yawanisatva 100gm, Vaseline 3kg, Beewax
500gm & preservatives (methyl paraben & propyl
paraben 15gm each)

1. General investigations:

Method of preparation of Yoni Kanduhar
Malhar:

l

Routine hematological examination- Hb%, ESR,
RBS, VDRL, Paps smear.

l

Routine and microscopic examination of urine.

First of all ghan was prepared from above
mentioned raw drugs up to Mulethi

2. Specific investigations:
l

Vaginal pH

l

Fine powder was made from dried ghan,with the
help of grinder & mixer

l

Wet slide study of vaginal smear.

l

Vaginal swab culture (if needed).

l

Powder of ghan (1.25kg) was mixed in liquid
Vaseline (3kg), Bee wax (1/2kg) & Nimbtail
(500ml), with the help of mixer.

l After Treatment

l

l

Yawanisatva (100gm), Shubhrabhasm (250gm)
& preservatives each (15mg) was added and
mixed.

t

Vaginal pH

t

Wet slide study of vaginal smear.

t

Vaginal swab culture (if needed).

Subjective diagnostic parameters-

pH of malhar was teasted with pH test kit
(Whatman pH papers). pH of malhar was4.5
compatible to normal vaginal pH (Normal pH of
reproductive age is 4.5 to 5. Malhar was filled in
sterilized tubes, taking aseptic precautions.

l

Yoni kandu (Itching vulva):

l

Yoni Srava (White discharge per vagina

l

Yoni Daurgandhya (Mal-odours)

l

Yoni Vedana (Pain)

Contents of Kutajaghanvati
(Sidhayogsangraha)

l

Atinarakankshini ( Increase libido)

l

Maithunakrichhta (Dyspareunia)

Kutaj & Ativisha

l

Mutra Daha (Burning micturition)

l Criteria of selection of patients

l

Vulvitis (Inflammation of vulvae)

Patients were selected from O.P.D. /I.P.D. of
NIA Hospital, Jaipur, irrespective of caste and
religion using randomized of trial.

Objective diagnostic parameters-

l

Hb% (Hemoglobin), ESR (Erythrocyte
sedimentation rate), VDRL (Venereal disease &
research laboratory), RBS (Random blood sugar),
Routine & microscopic urine examination. Wet
mount study, vaginal swab culture, Pap smear,
vaginal pH etc.

l Inclusion criteria:
1 . Adult female who were in age group 18-40 years.
2. Patients having pruritus vulvae as a cardinal
symptom with or without vaginal discharge.

Grading of the Symptoms-

3. Pathogens present in wet slide study and vaginal
swab culture.

The efficacies of the drugs were judged on the
basis of the scoring pattern described as below. A
special Scoring Pattern were applied in symptoms

l Exclusion criteria:
1 . Patients age <18year and >40 year.

Scoring pattern

2. Patients after menopause.
3. Patients of uterine prolapse & Ca cervix.
4. VDRL, HBs Ag, HIV positive patients.

0 – Nil,

1- Mild,

2- Moderate,

3- Severe
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Statistical Analysis
Data were analyzed by using appropriate
statistical test. Wilcoxon matched pairs test was used
for non- parametric data and paired’t’ test used for
parametric data. Comparison between groups was
analyzed by using One-way Analysis of Variance
(ANOVA- Kruskal Wallis test with post-test was used
for non- parametric data and Tukey-Kramer Multiple
Comparison test for parametric data). In addition
age, personel history & other points were also
assessed.

Yoniadhvan (unhygienic mode of living) is
important factor, in vulvovaginal infections
which leads to pruritus vulvae, as also
mentioned in modern sciences.
t

70% patients were having pruritus vulvae with
severe white discharge, 26.67% patients were
having pruritus vulvae with mild white discharge.
Only 3% patients were having pruritus vulvae
without white discharge.

t

Maximum incidence of Acharanayonivyapad in
age lies between 20-30 yrs age comprising
53.33% among 30 registered patients showing
that this disease is a common problem of active
reproductive life.

Relation of Coital frequency to Pruritus vulvae
(Kandavataya Atinarakankshidi) was found in
only 23.33% of patients and 43.33% of patients
were complained of decreased coital frequency
due to local soreness.

t

Chronicity of their chief complaints shows that
the majority of the patients i.e. 43.33% had been
suffering for more than 2 month.

Relation of Orgasm (hyper excitement) to
Pruritus vulvae (Poorvampurushadittirichyate)
was not found in any patient; rather 70%
Patients were indifferent about orgasm.

t

Among the chief complaints, maximum70% of
the patients had been suffering from Pruritus
vulvae with sever white discharge.

On wet vaginal smear study fungal hyphae were
present in 46.66% cases & T. vaginalis in only
13.33% patients. Pus cells in 60% followed by
40% with normal vaginal smear.

t

Severe itching was present in maximum number
i.e. 53.33% of patients and moderate itching was
present in 30% of patients.

Considering local Pathology during P /S
examination 80% patient’s shows vulvitis & 60%
were with vaginitis.

t

In the present study 46.66%% patients were
having pH of 4.5 to 5 (pH of reproductive age
group) 40% patients were having pH <4.

Observations &Discussion-:
t

t

t

t

t

Etiology given in our classics is very much
justified with present etiology, Mithyachara i.e.

t Results
Table no I -Effect of Kutajghanvati on Chief complaints of group A
Symptoms

N

Mean
BT

AT

Dif.

% of

SD

SE

P

Signif-

Change

(±)

(±)

Value

icance

Yoni Kandu

10

2.60

0.40

2.20

84.62

0.79

0.25

0.0020

VS

White discharge

10

2.00

0.60

1.40

70.00

0.51

0.16

0.0020

VS

Dyspareunia

10

0.90

0.50

0.40

45.78

0.51

0.16

0.1250

NS

Increased libido

10

0.30

0.40

0.10

-33.00

0.32

0.10

0.9999

NS

Malodorous

10

1.00

0.70

0.30

30.00

0.48

0.15

0.2500

NS

Vulvitis

10

1.70

0.80

0.90

52.94

0.32

0.10

0.0039

VS

Mutradaha

10

1.50

0.70

0.80

53.33

0.42

0.13

0.0078

VS

Yoni vedna

10

1.70

0.60

1.10

65.82

0.87

0.27

0.0137

S

VS = Very Significant

NS = Not Significant

S = Significant
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Table no II Effect of Kutajghanvati on Wet vaginal smear of group A
Symptoms

N

Mean
BT

AT

Dif.

% of

SD

SE

P

Signif-

Change

(±)

(±)

Value

icance

Vaginal pH

10

5.10

4.75

0.35

06.86

0.67

0.21

0.1323

NS

Vaginal Pus cells

10

1.70

0.50

1.20

70.59

0.79

0.25

0.0039

VS

Fungal hyphae

10

0.30

0.20

0.10

33.67

0.32

0.10

0.9999

NS

Trichomonasvaginalis

10

0.70

0.40

0.30

42.86

0.48

0.15

0.2500

NS

VS = Very Significant

NS = Not Significant

S = Significant

Table no III Effect of Yoni kanduhar Malhar on Chief complaints of group B
Symptoms

N

Mean
BT

AT

Dif.

% of

SD

SE

P

Signif-

Change

(±)

(±)

Value

icance

Yoni Kandu

10

2.30

1.10

1.20

52.17

0.78

0.24

0.0078

VS

White discharge

10

1.80

0.60

1.20

66.44

0.63

0.20

0.0039

VS

Dyspareunia

10

1.80

0.90

0.90

50.00

0.99

0.31

0.0313

S

Increased libido

10

0.80

1.50

0.70

-87.50

0.48

0.15

0.0156

S

Malodorous

10

2.30

0.30

2.00

86.96

0.82

0.26

0.0020

VS

Vulvitis

10

1.90

0.70

1.20

63.16

0.63

0.20

0.0039

VS

Mutradaha

10

1.90

0.80

1.10

57.80

0.56

0.17

0.0039

VS

Yoni vedna

10

1.90

0.30

1.60

84.20

0.84

0.26

0.0020

VS

VS = Very Significant

NS = Not Significant

S = Significant

Table no IV Effect of Yoni kanduharMalhar onof group B on Wet vaginal smear
Symptoms

N

Mean
BT

AT

Dif.

% of

SD

SE

P

Signif-

Change

(±)

(±)

Value

icance

Vaginal pH

10

5.15

4.75

0.40

7.76

0.46

0.14

0.0224

S

Vaginal Pus cells

10

2.00

0.90

1.10

55.00

0.57

0.18

0.0039

VS

Fungal hyphae

10

0.60

0.30

0.30

50.00

0.67

0.21

0.0500

NS

Trichomonasvaginalis

10

0.50

0.50

0.00

00.00

0.00

0.00

-

No change

VS = Very Significant

NS = Not Significant

S = Significant

Table no VI Effect of Kutajghanvati & Yoni kanduhar Malharon Wet vaginal smear of group C
Symptoms

N

Mean
BT

AT

Dif.

% of

SD

SE

P

Signif-

Change

(±)

(±)

Value

icance

Vaginal pH

10

5.15

4.75

0.40

07.76

0.46

0.14

0.0224

S

Vaginal Pus cells

10

2.10

0.60

1.50

71.43

0.71

0.22

0.0020

VS

Fungal hyphae

10

1.60

0.50

1.10

68.75

1.19

0.37

0.0174

S

Trichomonasvaginalis

10

0.60

0.20

0.40

66.67

0.70

0.22

0.5000

NS

VS = Very Significant

NS = Not Significant

S = Significant
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Table no V Effect of Kutajghan vati & Yoni kanduhar Malharon Chief complaints of group C
Symptoms

N

Mean
BT

AT

Dif.

% of

SD

SE

P

Sig.

Change

Yoni Kandu

10

2.00

.90

1.10

55.00

0.73

0.23

0.0078

VS

White discharge

10

2.10

0.20

1.90

90.00

0.87

0.27

0.0039

VS

Dyspareunia

10

1.60

0.60

1.00

62.50

0.82

0.26

0.0078

VS

Increased libido

10

0.80

1.40

0.60

-75.00

0.70

0.22

0.0313

S

Malodorous

10

1.70

0.10

1.60

94.11

1.07

0.33

0.0078

VS

Vulvitis

10

1.80

0.30

1.50

83.33

0.97

0.30

0.0039

VS

Mutradaha

10

1.60

0.40

1.20

75.00

0.91

0.29

0.0078

VS

Yoni vedna

10

1.90

0.40

1.50

78.89

0.84

0.26

0.0039

VS

Effect of therapy
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Clinical Study
A Comparative Study For The Assessment Of Escalation Of
Pitta Dosha Due To Excessive Day Time Napping Through
Glossometer
*Mithilesh Kumar Sah, **Prof. Mahesh Vyas, ***Dr. Shubhangi Kamble, ****Sujata P.Dhoke
AbstractSleep is proved as a divine gift to human beings which refreshes and recharges an individual for the
further struggle for survival. Night is the natural time for the proper sleep. If sleep is not practiced in this
time period or if practiced in excessive durations leads to Dosha Prakopa. Day time napping produces
unctuousness i.e. Kapha/Pitta Vriddhi in which the Snigdha Guna is common. Pitta is slightly unctuous in
comparison to Kapha Dosha. Among many fundamental functions of aggravated Pitta Dosha, Prabha or Kanti
i.e. Gloss is one among them. Present study is carried out to compare the increase in Unctuous by analysing
Gloss level due to excessive day time napping. A total of 32 volunteers were registered irrespective of sex,
caste, religion, etc. The survey study was done in three groups. In Group A, Persons with proper night
sleep but not sleeping during day time, in Group B, Persons awaking at night and sleeping during day time
to compensate it, and in Group C, Persons having natural night sleep and also having sleep during day time
were categorized. Average in Gloss level on Forehead, Cheek and Volar Forearm was found highest in Group
C as compared to other two Groups. On the basis of statistical analysis, it can be concluded that excessive
day time napping escalates Pitta Dosha.
Key Words- Glossometer, Sleep, Snigdhata, Divaswapna, Pitta Dosha.

‚Ê⁄Ê¢≥ÊÁŸŒ˝Ê ∑§Ù ◊ŸÈcÿ ∑‘ Á‹ÿ ºÒﬂË ©¬„Ê⁄ ◊ÊŸÊ ¡ÊÃÊ „Ò ÄÿÙ¥Á∑§ ÁŸŒ˝Ê ◊ŸÈcÿ ∑§Ù ¬pÊÃ ∑§◊Ù¸ ∑‘ Á‹ÿ ©à‚Ê„Ë •ÊÒ⁄ œË⁄ÃÊ
¬˝ºÊŸ ∑§⁄ÃË „Ò, ¬⁄ãÃÈ ÁŸŒ˝Ê ∑§Ê •À¬ ÿÊ •ÁÃ‚ﬂŸ ∑§⁄Ÿ ‚ ºÙ·Ù¥ ∑§Ê ¬˝∑§Ù¬ „ÙÃÊ „Ò– ©‚Ë ¬˝∑§Ê⁄ ÁºﬂÊSﬂÊ¬ ‚ ÁFÇœÃÊ ∑§Ë
ﬂÎÁh „ÙÃË „Ò •ÕÊ¸Ã ∑§»§ •ÊÒ⁄ Á¬ûÊ ºÙ·Ù¥ ∑§Ë ﬂÎÁh „ÙÃË „Ò Á¡‚◊¥ ‚ ÁFÇœ ªÈáÊ Á¬ûÊ ºÙ· ◊¥ „ÙÃÊ „Ò– ¬⁄¢ÃÈ ‚ﬂÊ¸Áœ∑§
ÁFÇœÃÊ ∑§»§ ºÙ· ◊¥ „Ù˜ÃË „Ò– ¬˝÷Ê, ∑§Ê¢ÃË ß.‹ˇÊáÊ ≥Ê⁄Ë⁄ ◊¥ Á¬ûÊ ∑‘ ÁFÇœ, Œ˝ﬂ •ÊÁº ªÈáÊÙ¥ ∑‘ mÊ⁄Ê ÁºπÊß¸ ¬«UÃ „Ò– ß‚
≥ÊÙœ¬˝’¢œ ∑‘ mÊ⁄Ê ÁºﬂÊSﬂÊ¬ Á∑§ ﬂ¡„ ‚ „ÙŸ ﬂÊ‹Ë Áﬂ∑Î§Ã ÁFÇœÃÊ ∑§Ù ¡ÊŸŸ Á∑§ ∑§ÙÁ≥Ê≥Ê ∑§⁄¥ª– ß‚ ≥ÊÙœ¬˝’¢œ ∑‘ Á‹ÿ
∑È§‹ 32 Sﬂÿ¢‚ﬂËÿÙ¥ ∑§Ù ﬂÿ, Á‹¢ª, ¡ÊÃË, œ◊¸ ß.∑§Ê ÁﬂøÊ⁄ Á∑§ÿ Á’ŸÊ øÈŸÊ ªÿÊ– 3 ﬂª¸ ◊ ‚ﬂ¸ˇÊáÊ ∑§Ù Áﬂ÷ÊÁ¡Ã Á∑§ÿÊ
ªÿÊ– ¬˝Õ◊ ﬂª¸ (∞) ◊¥ ¡Ù Sﬂÿ¢‚ﬂË ⁄ÊÁG ◊ ÁŸŒ˝Ê ∑§⁄Ã „Ò •ÊÒ⁄ ¡Ù ÁºﬂÊSﬂÊ¬ Ÿ„Ë ∑§⁄Ã ©Ÿ∑§Ù Á‹ÿÊ ªÿÊ •ÊÒ⁄ ºÈ‚⁄ ﬂª¸
(’Ë) ◊¥ ¡Ù ÁºﬂÊSﬂÊ¬ ∑§⁄Ã •ÊÒ⁄ ⁄ÊÁG ¡Êª⁄áÊ ÷Ë¥ ∑§⁄Ã „Ò ©Ÿ∑§Ù Á‹ÿÊ ªÿÊ– ÃÎÃËÿ ﬂª¸ (‚Ë) ¡Ù Sﬂÿ¢‚ﬂË ⁄ÊÁG ◊ ÁŸŒ˝Ê
∑§⁄Ã „Ò •ÊÒ⁄ ¡Ù ÁºﬂÊSﬂÊ¬ ÷Ë ∑§⁄Ã „Ò ©Ÿ∑§Ù Á‹ÿÊ ªÿÊ – ß‚ ≥ÊÙœ ◊¥ Ç‹Ê‚ ◊Ë≈U⁄U ∑‘ mÊ⁄Ê ¬˝÷Ê ∑§Ê ◊Ê¬áÊ Á∑§ÿÊ ªÿÊ
Á¡‚◊¥ ¬˝÷Ê ∑§Ê SÃ⁄ ◊ÊÕ¥ ¬⁄, ªÊ‹Ù¥ ¬⁄ •ÊÒ⁄ ’Ê„È ¬⁄ ﬂª¸ (‚Ë) ◊¥ •ãÿ ﬂªÙ¸ ‚ •Áœ∑§ ºπŸ ∑§Ù Á◊‹Ê – ‚ÊÕ ◊¥ ‚Ê¢ÁÅÿ∑§Ëÿ
¬Á⁄ˇÊáÊ ∑‘ mÊ⁄Ê ÷Ë ◊Ê¬áÊ ∑§⁄Ÿ ¬⁄ ﬂª¸ (‚Ë) ◊¥ •ãÿ ﬂªÙ¸ ‚ ¬˝÷Ê ∑§Ê SÃ⁄ •Áœ∑§ ºπŸ ∑§Ù Á◊‹Ê ß‚Á‹ÿ ÿ„ ∑§„
‚∑§Ã „Ò ∑§Ë ÁºﬂÊSﬂÊ¬ ‚ Á¬ûÊ ºÙ· ∑‘ ÁFÇœ ªÈáÊ ∑§Ë •¬˝Ê∑Î§Ã ﬂÎÁäº „ÙÃË „Ò –
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Clinical Study
A Comparative Study For The Assessment Of Escalation Of Pitta
Dosha Due To Excessive Day Time Napping Through Glossometer
Mithilesh Kumar Sah, Prof. Mahesh Vyas, Dr. Shubhangi Kamble, Sujata P.Dhoke
Materials and Methods:

Introduction

Selection of Healthy Volunteers - Healthy
Volunteers of Jamnagar were enrolled in the present
survey study. A total of 32 volunteers were
registered irrespective of sex, caste, religion, etc.

Sleep is proved as a divine gift to human
beings which refreshes and recharges an individual
for the further struggle for survival. Its importance
is well accepted by each and every person of
different fields because of its restorative and resting
actions to the living beings. Quality food
consumption and proper sleep are the two basic
needs for making an essential aspect of personal
health care. Literates are conscious about their food
habits to some extent but have altered rest duration
i.e. not giving due importance to Nidra (Sleep).

Aims And Objectives:
Present study is carried out to compare the
increase in Unctuous by analysing Gloss level due to
excessive day time napping.
Materials And Methods:
Selections of Healthy Volunteers of Jamnagar
city were enrolled in the present survey study. A
total of 32 volunteers registered irrespective of sex,
caste, religion, etc.

Night is the natural time for the proper sleep.
If sleep is not practiced in this time period or if
practiced in excessive durations leads to Dosha
Prakopaka1. Acharya Charaka has mentioned that
vigil during night causes roughness in the body,
while the day time napping produces unctuousness
i.e. Kapha/Pitta Vriddhi in which the Snigdha Guna
is common but taking sleep lightly in sitting position
does not induce either of these conditions. 2,3 The
person with proper sleep at night and also sleep
during day time is said to be indulged in day time
napping4. It includes sleeping in any part of the day
i.e. in between after sunrise and before sunset. It is
also called as Vaikarika Nidra5 as it causes vitiation
of Kapha and Pitta Doshas other than summer
season.6 Pitta is slightly unctuous in comparison to
Kapha Dosha. Among many fundamental functions
of aggravated Pitta Dosha, Prabha or Kanti i.e. Gloss
is one among them.7 Hence to rule out the increase
in Gloss level due to excessive sleep, this work has
been planned.

Exclusion criteria :
l

Age group below 20 years and above 50 years.

l

Persons with any psychological or systemic
disorders.

l

Pregnant women.

Grouping:
The survey study was done in three groups.
They are as follows:
1 . Group A: Persons with proper night sleep but
not sleeping during day time.
2. Group B: Persons awaking at night and sleeping
during day time to compensate it.
3. Group C: Persons having natural night sleep
and also having sleep during day time.
Criteria of Assessment
Gloss is defined as the specular reflection of
light from a surface. The Skin Glossmeter is a portable
instrument for measuring the specularly reflecting
light from skin and other non-planar surfaces. In this
present survey study it was used in Forehead (FH),
Cheeks (CK) and Volar Forearm (VL) region for the
assessment of Snigdhata on the healthy volunteers.

Aims and Objectives:
Present study is carried out to compare the
increase in Pitta Dosha due to excessive day time
napping.
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Pharmacognostical Study

Pharmacognostical Evaluation of Palashbijadi Curna-A
Polyherbal Compound Formulation
*Dr. Ashok Kumar Tiwari, **Dr. Manoj Tripathi, ***Dr. Neelesh Dwivedi, ****Sharda Prasad Tripathi
AbstractThe ayurvedic term “Bhesaja Pariksha is an identical term for drug evaluation. The term Pariksha,
Jignasa, Esana and Nyaya etc. are the synonyms of the term “Evaluation” which has been defined as “critical
analytical study of the problems related to any observed or referred facts with the idea of clearing the doubts
or to prove the facts by all available means leading to correct knowledge”. Quality assurance is an integral
part of all systems of medicine to ensure the quality of the medicine. Thus, there is an urgent need to evaluate
such parameters which can be adopted by the pharmaceutical industries. Present communication attempts
to evaluate the Palasbijadi Curna-a polyherbal compound formulation. Three samples procured procured
from different manufactures were subjected to microscopic characterization, physic-chemical analysis, and
HPTLC finger printing and compared using authentic ingredients as reference. It was observed that the
chromatographic analysis and microscopic characterization compliment each other in their findings, and can
be used authentication of raw materials in the compound formulation.
Keywords: Palasbijadi Curna, Ayurvedic formulation, Standardisation, Pharrmacognosy

‚Ê⁄Ê¢‡Ê •ÊÒ·Áœ ◊ÈÀÿÊ¢∑§Ÿ „ÃÈ ÷·¡ ¬⁄ËˇÊÊ „Ë •ÊÿÈﬂ¸Áº∑§ ‡Êéº „Ò– ¬⁄ËˇÊÊ, Á¡ôÊÊ‚Ê, ∞·áÊÊ ∞ﬂ¢ ãÿÊÿ •ÊÁº ‡Êéº ◊ÍÀÿÊ¢∑§Ÿ
‡Êéº ∑§Ê ¬ÿÊ¸ÿ „Ò ¡Ù Á∑§ ‚◊SÿÊ•Ù¥ ∑§ ∑§Á∆Ÿ Áﬂ‡∂·áÊÊà◊∑§ •äÿÿŸ ‚ ‚¢’¢ÁœÃ ÁŸ¡Ë •ﬂ∂Ù∑§Ÿ ÃÕÊ ‚¢ºÁ÷¸Ã Ãâÿ ∑§
‚ÊÕ-‚ÊÕ ‡Ê¢∑§Ê ‚◊ÊœÊŸ, ©¬∂éœ ‚¢‚ÊœŸÊ¥ ∞ﬂ¢ ‚„Ë ôÊÊŸ ŸÃÎàﬂ ‚ ‚àÿÃÊ ∑§Ù Á‚h ∑§⁄ŸÊ „ÙÃÊ „Ò–
ªÈáÊﬂàÃÊ •Ê‡ﬂÊ‚Ÿ •ÊÒ·Áœ ∑§Ë ªÈáÊﬂàÃÊ ‚ÈÁŸÁ‡øÃ ∑§⁄Ÿ ∑§ Á∂∞ ÁøÁ∑§à‚Ê ∑§Ë ‚÷Ë ¬˝áÊÊÁ∂ÿÊ¥ ∑§Ê •Á÷ãŸ Á„S‚Ê
„Ò– ß‚ ¬˝∑§Ê⁄ ﬂ„Ê° ∞‚ ◊ÊŸ∑§Ê¥ ¡Ù ºﬂÊ ©lÙªÊ¥ mÊ⁄Ê •¬ŸÊÿÊ ¡Ê ‚∑§ÃÊ „Ò, ßŸ∑§ Ãà∑§Ê∂ ◊ÍÀÿÊ¢∑§Ÿ ∑§Ë •Êﬂ‡ÿ∑§ÃÊ „Ò– ß‚
‡ÊÙœ ¬G ◊¥ ¬∂Ê‚’Ë¡ÊÁº øÍáÊ¸ ∑§ •ÊÒlÙÁª∑§ ÿÙÁª∑§ ∑§ ◊ÍÀÿÊ¢∑§Ÿ ∑§⁄Ÿ ∑§Ê ¬˝ÿÊ‚ Á∑§ÿÊ ªÿÊ „Ò– ÃËŸ Ÿ◊ÍŸ ◊ÍÀÿÊ¢∑§Ÿ ∑§
Á∂∞ ’ŸÊÿ ªÿ „Ò¥, Á¡Ÿ∑§Ê ÷ıÁÃ∑§, ⁄Ê‚ÊÿÁŸ∑§ Áﬂ‡∂·áÊ, ≈Ë.∞∂.‚Ë. Á»§ãª⁄ Á¬˝Áã≈¥ª •ÊÒ⁄ ﬂŸS¬ÁÃ∑§ ∂ˇÊáÊÊ¥ ∑§Ê •äÿÿŸ
•ÊÒ⁄ ‚¢º÷¸ ∑§ M§¬ ◊¥ ¬˝◊ÊÁáÊÃ ‚Ê◊ª˝Ë ∑§Ê ©¬ÿÙª Á∑§ÿÊ ªÿÊ „Ò– ÿ„ ºπÊ ªÿÊ „Ò Á∑§ ‚Íˇ◊ •ÊÒ⁄ ∑˝§Ù◊Ò≈Ùª˝ÊÁ»§∑§ Áﬂ‡∂·áÊ
∞∑§ ºÍ‚⁄ ◊¥ •¬Ÿ ÁŸc∑§·Ê¸ ∑§ ¬Í⁄∑§ „Ò¥ •ÊÒ⁄ ¬˝÷ÊﬂË …U¢ª ‚ ÿÊÒÁª∑§ ‚ÍGË∑§⁄áÊ ◊¥ ∑§ìÊ ◊Ê∂ ∑§Ë ¬„øÊŸ ∑§ Á∂∞ ßSÃ◊Ê∂
Á∑§ÿÊ ¡Ê ‚∑§ÃÊ „Ò–

*Scientist, Ayurveda Sadan, Arogyadham, ** Scientist, Ayurveda Sadan, Arogyadham, *** Scientist, **** Research
Fellows, Ayurveda Sadan, Arogyadham, JRD Tata Foundation for Research In Ayurveda and Yoga Sciences, Deendayal
Research Institute, Chitrakoot- Satna (M.P.)
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Pharmacognostical Evaluation of Palashbijadi Curna-A
Polyherbal Compound Formulation
Dr. Ashok Kumar Tiwari, Dr. Manoj Tripathi, Dr. Neelesh Dwivedi, Sharda Prasad Tripathi
Introduction

drugs and formulation is obviously to ensure the
therapeutic efficacy of the drug(3-8).

The Ayurvedic system of medicines is
prevalent in India since the Vedic period and as
early as the dawn of human civilization. Though
Ayurveda has undergone many changes in the
course of its long history, it still remains the
mainstay of medical relief to a large section of
population of the nation. Due to urbanization and
dwindling of forests, the Vaidya by and large is no
longer a self contained unit collecting and preparing
his own medicines as before. He has now to depend
on the newly developed agencies like one collecting
and supplying the crude drugs and the other
undertaking mass production of medicines in the
Ayurvedic Pharmaceutical units run on the
commercial scale(1).

Material and Methods
Method of preparation of the Curna
Palasbijadi curna all ingredients were used of
pharmacopoeial quality (9). These were cleaned,
washed, dried and ground individually passed
through 355 µm IS Sieve (old sieve number 44).
Weighed each ingredient separately and mixed
together in specified ratio to obtain a homogenous
blend. It was stored in an air-tight container to
protect from light and moisture. Three different
batches of Palasbijadi Curna (one sample was
prepared at research laboratory Ayurveda Sadan,
and two samples were taken from Chitrakoot
Rasshala Pharmacy, Chitrakoot) were studied. Each
sample of Palasbijadi Curna was formulated using
five ingredients(9) i.e. Butea monosperma (Lam.)
Kuntze (seed), Holarrhena antidyssentrica (Roth) A.
DC. (seed), Embelia tsjeriam-cottam A.D.C. (fruit),
Azadirachta indica A. Juss. (seed), Swertia chirata
Buch. Ham. (whole plant). prepared as per AFI. The
formulation composition of Palasbijadi Curna is
given in table no.1.

Basic feature of Ayurveda is its holistic
approach to treat human beings as a whole and it
restore harmony among the human beings, plants
and environment. By knowing the standards of a
medicine following qualitative and quantitative
parameters and method followed in single and
formulated drug can improve the efficacy and
efficiency of drug as well as confidence of doctor and
patient(2).

Microscopic Examination

Goal of standardization is to assess the
authenticity of the drug based on the above principal.
To keep this view in mind, a polyherbal Palasbijadi
Curna is formulated in house, which is very effective
in Krmiroga (worm infestation) Its formulated using
five single drugs viz. Buteam onosperma (Lam.)
Kuntze (seed), Holarrhena antidyssentrica (Roth) A.
DC. (seed), Embelia tsjeriam-cottam A.D.C. (fruit),
Azadirachta indica A. Juss. (seed), Swertia chirata
Buch. Ham. (whole plant). Present study described
the standardization of
Palasbijadi Curna-a
polyherbal compound formulation and its single
ingredients. Its single ingredients are widely used to
cure several diseases and preparation of Ayurveda
drugs. Hence the purpose of standardization of raw

For microscopic analysis about 2 gm of
formulated Curna washed thoroughly with water,
pour out the water without loss of material; it was
mounted a small portion in glycerin; warmed a few
mg with chloral hydrate solution, washed and
mounted in glycerin; treated a few mg with iodine
in potassium iodide solution and mounted in
glycerin. Heated a few mg in 2 % aqueous potassium
hydroxide, washed in water and mounted in glycerin.
about 0.5 g of sample and added 50 % conc. nitric
acid in a test tube and warmed over water bath till
brown fumes appeared; washed with water
thoroughly and mounted a small portion in glycerin;
was subjected to microscopic examination(10) .
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testa in surface view, thin walled parenchymatous
cells containing aleurone grains, comose trichomes
with annular rings, endosperm along with oil
globules, pappilose epidermal cells, oval to
rectangular parenchymatous cells containing
prismatic crystals of calcium oxalate (Indrayava);.
Likewise, groups of sclereids with broad lumen, dark
brown coloured large palisade like cells of endocarp,
dark brown coloured polygonal cells of the seed coat,
(Vidanga); loosely packed parenchymatous cells
containing oil globules and prismatic crystals of
calcium-oxalate, pitted parenchyma filled with
rosette crystals of calcium-oxalate, very thick walled
sclereids (Nimbabija); Similarly the presence of
Cirayata can be detected by the presence of pitted
fibres from stem, cork cells in surface view from
stem, spongy parenchyma with acicular crystals,
resin mass and mucilage cells from leaf, cortical
parenchyma with acicular crystals from root,
trichomes from leaf, lower epidermis in surface view
showing anisocytic stomata, epidermis with striated
cuticle and embedded a places with mucilage cells
(Figure 1,2).

Physicochemical analysis
Organoleptic characters, particle size and
physic-chemical analysis of all the samples were
carried out. Quantitative analysis for loss on drying
at 105oC, alcohol soluble extractive, water soluble
extractive, total ash, acid insoluble ash, and pH of
filtrate of 10% w/v aqueous solution were checked
in triplicate.(11-13)
High
Performance
Thin
Chromatography (HPTLC) Profile

Layer

For HPTLC, 2gm of each sample was
extracted with 25 ml of methanol on boiling water
bath for 25 minute consecutively of 3 times using
fresh portion of 25 ml methanol, filtrate and
concentrated. TLC of extracts of all the samples was
carried out on Silica Gel 60 F254 precoated plates
(0.2 mm thickness; from Merck India Limited
Mumbali). An applicator from Camag Linomat-5
(Camag Switzerland 140443) was used for band
application and photo documentation unit (Camag
Reprostar-3: 140604) was used for documentation of
chromatographic fingerprints. The mobile phase used
Toluene: Ethyl acetate (6:4). The plate was
developed over a distance of 9 cm in a saturated
development chamber (Twin trough chamber (10 x
10 cm with SS lid, and visualized under visible light,
254nm and 366nm. After spraying with 5%
methanolic sulphuric acid followed by heating at
1100C for 5-10.(1,14)

Physico-chemical data of three different
batches of compound formulation along with
ingredients was subjected to various analytical
parameters. Results are given in Table no. 2.
High
Performance
Chromatography (HPTLC)

Thin

Layer

The HPTLC plate were examine under at
254nm; at 366nm; and visible light before and after
derivatization (Figure 3, 4, 5). The Rf values and
colours of the bands obtained were recorded. Its
shows major spots at 366nm before derivatization Rf
0.08(red), 0.13 (blue), 0.15, 0.41, 0.52(all red), 0.57
(fluorescent), 0.63, 0.70, 0.75 (all red) and after
derivatization at 366nm Rf 0.18 (brown), 0.26 (grey),
0.40, 0.43(both red), 0.52 (brick red), 0.57 (sky
blue), 0.68(pink), 0.74(red), 0.79 (grey) and at
visible light Rf 0.52, 0.69, 0.80, 0.92(all brown).

Result & Discussion
Palasbijadi Curna was a brownish black fine
powder with smooth texture; odour pungent and
taste astringent. The powder completely passes
through 355 µm IS Sieve (old sieve number 44) and
not less than 50 percent passes through 180 µm IS
Sieve (old sieve number 85).
Microscopic examination was carried out for
individual ingredients present in the formulation. The
following diagnostic characters are observed in the
various mounts. Presence of Outer epidermis of testa
in surface view overlapping with underlined cells,
malpighian cells attached with epidermis and hour
glass cells, endosperm cells showing rod or
cylindrical starch grains, spiral broken bodies as
revealed in fresh, upper epidermis of cotyledon in
surface view (Palasabija);. Similarly, seed coat of

Conclusion
From the presents studies, it can be
concluded that the characteristics microscopical
characteristics and the distinguishing bands in HPTLC
profile are very important for monitoring the quality
of curna formulations as well as for establishing
whether all the required ingredients are present in
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them. Also, standardization and development of
reliable quality protocols for Ayurvedic formulation
are important for keeping a check on the batch to
batch variations. Hence, the physicochemical
parameters, quantitative analysis, HPTLC fingerprint
profile and the microscopic characteristics together
may be used for quality evaluation and the
standardization of the compound formulation, and
maintaining there quality, purity and efficacy.
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Table No. 1: Ingredients of Palasbijadi Curna
Sr.No.

Single raw drugs

Botanical Name

Part used

1.

Palasabija

Butea monosperma (Lam.) Kuntze

Seed

2.

Indrayava (Kutaja)

Holarrhena antidyssentrica (Roth) A. DC.

Seed

3.

Vidanga

Embelia tsjeriam-cottam A. DC. (official substitute)

Fruit.

4.

Nimbabija

Azadirachta indica A. Juss. Syn. Melia

Seed

5.

Cirayata

Swertia chirata Buch.Ham

Plant whole.

Table No. 2: Physico - chemical parameters of Palasbijadi Curna and its ingredients
Parameters

Palasbijadi Curna

Single ingredients

Batch Batch Batch Average Palasabija Indrayava Vidanga Nimbabija Cirayata
A
B
C
values
(Kutaja)
Loss on
drying at
1050C (%w/w)

6.71

6.40

6.34

6.48

12.11

5.8

9.21

7.18

5.50

Total ash
value (%w/w)

7.11

7.03

6.53

6.89

4.98

5.15

4.07

4.91

4.40

Acid-insoluble
ash value
(%w/w)

1.14

1.24

1.13

1.17

0.34

2.27

0.46

1.07

0.60

Water soluble
extractive
value (%w/w)

17.50

17.59

17.16

17.41

26.60

22.70

14.26

36.79 20.30

Alcohol
soluble
extractive
value (%w/w)

23.99

22.18

22.10

22.75

27.66

18.19

12.78

36.56

15.80

pH (Filter of
10% w/v
aqueous solution)

5.10

5.50

5.60

5.40

-

-

-

-

-
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A comparative Pharmaceutico-analytical study of Loha
Rasayana prepared by Ayaskriti and a modified method
W.S.R. Disintegration of Iron
*Dr. Anjali Baijnath Prasad, **Dr. K.Shankar Rao**, ***Dr. Mohar Pal Meena
Abstract:
Ayurveda, the first health science known has provided the treatment by the drugs from both the
organic as well as inorganic origin. The very first well documented Ayurvedic classic Charaka Samhita itself
has referred the usage of many inorganic matters profoundly and scientifically. This approach to the
formulations was so rational and perfect that it fulfils the expectation of the scientific masses even also in
terms of today’s Nano-particle theory. One of such examples is Lohadi Rasayana. Later this branch
Rasashastra developed which focused precisely on tempering these inorganic matters to easily assimilable
organic form. But its concept was embedded in the Samhita itself which got even improvised with time and
experience.
Purpose of present study was to scrutinize the validation of the process referred in Charaka Samhita
to render the metal therapeutically suitable to the body and procedure by which the Bhasma are prepared
and to analyse them on ancient and modern parameters.
Key-words: Ayaskriti, Bhasma, Lohadi Rasayana.

‚Ê⁄Ê¢‡Ê—∑§Êc∆ı·ÁœÿÊ¥¢ ∞ﬂ¢ œÊÃÈ•Ù¥ mÊ⁄Ê ÁøÁ∑§à‚Ê ’Ã∂ÊŸ ﬂÊ∂Ê •ÊÿÈﬂ¸º Áﬂ‡ﬂ ∑§Ê ¬˝Õ◊ SﬂÊSâÿ ÁﬂôÊÊŸ ¬hÁÃ „Ò– •ÊÿÈﬂ¸º
ﬂÊX◊ÿ ‚ÊÁ„àÿ ◊¥ ¬˝Õ◊Ã— ‚È√ÿﬂÁSÕÃM§¬ ‚ ⁄ÁøÃ ø⁄∑§ ‚¢Á„ÃÊ ◊¥ ÷Ë ’„ÈÃ ‚ œÊÁàﬂ∑§ ÿÙªÊ¥ ∑§Ê ©Ñπ Á∑§ÿÊ ªÿÊ „Ò–
∑§Ê∂ÊãÃ⁄ ◊¥ ⁄‚‡ÊÊSGËÿ ÁﬂmÊŸÊ¥ Ÿ œÊÁàﬂ∑§ ÿÙªÊ¥ ∑§ ¬˝‚¢S∑§⁄áÊ ∑§Ê ÷S◊Ë∑§⁄áÊ ∑§ •ãÃª¸Ã ‚◊Êﬂ‡Ê Á∑§ÿÊ „Ò– ‡ÊÊSGËÿ œÊÁàﬂ∑§
ÿÙªÊ¥ ∑§Ê •ÊœÈÁŸ∑§ ﬂÒôÊÊÁŸ∑§ ¬Á⁄¬ˇÿ ◊¥ ŸÒŸÙ-¬ÊÁ≈¸∑§∂ •äÿÿŸ ÁﬂœÊ ∑§ •ãÃª¸Ã ‡ÊÙœ ∑§Ë •Êﬂ‡∑§ÃÊ „Ò– ß‚Ë R§◊ ◊¥
¬˝SÃÈÃ ‡ÊÙœ ◊¥¢ ø⁄∑§ ‚¢Á„ÃÊ ⁄‚ÊÿŸÊÁœ∑§Ê⁄ ∑§ •ãÃª¸Ã ﬂÁáÊ¸Ã ∂ÊÒ„ÊÁº ⁄‚ÊÿŸ ∑§ ¬˝‚¢S∑§⁄áÊ ∑§Ë Áﬂ‡Ê·ÃÊ•Ù¥ ∑§Ù ’Ã∂ÊÃ „È∞
•ÿS∑Î§ÁÃ ∑§Ê ¬Á⁄ﬂÁÃ¸Ã ¬hÁÃ ‚ ÃÈ∂ŸÊà◊∑§ ∞ﬂ¢ Áﬂ‡∂‡ÊáÊÊà◊∑§ •äÿÿŸ Á∑§ÿÊ ªÿÊ „Ò–
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Jaipur. ***Asstt Professor, Dept. of Rasa Shastra & B.K. NIA, Jaipur.
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Introduction:

subjected to quench in Triphala Kwatha, Gomutra,
Yava Kshara, Lavanodaka, Ingudi Kshara and
Kinshuka Kshara. For the Kshara and Lavana in the
text he has interpreted as Yava kshara and
Saindhava Lavana, Though Acharya Chakrapani has
taken Jyotishmati for Lavana. Acharya Gangadhar
said this as shodhana vidhi, the same procedure is
made to use till it get converted to Anjana sadrisha.
With Yava rashi, Acharya gangadhar has taken Yava
pallava and advocated to use Loha Rasayana3 as per
Kuti Praveshik Rasayana vidhi.

Herbo-metallic preparation of the medicines
for therapeutic usage dates back to the Samhita
period. Leading in the succession is Loha Rasayana1
described in the Charaka Samhita for its Rasayana
action. With the advancement in the technologies in
the pharmaceutics, this method of preparation of
metallic formulations, though complete in itself are
not being used due to qualm in its preparation.
‘Loha Rasayana’ selected for the present
study is preparation expected to turn into Avaleha
form.

In treatment of
Kaphodara, Acharya
Charaka has advised Ayaskriti. Though vamana is
contraindicated in Udara, Gangadhara has advised
Vaman, Virechana with Sansarjana Karma with
Katu-kshara yukta
anna, Gomutra, Arishta,
Ayaskriti4 and Kshara siddha Taila.

Tikshna Loha Patra of Dimension 4×4 angul
and sesame seed thickness is made red hot and
quenched in Triphala Kwatha, Gomutra, Jyotishmati
Ksharodaka, Ingudi Ksharodaka and Palasha
Ksharodaka. When these Iron leaves get reduced to
fine black powder like Anjana, then it is mixed with
Madhu and Amalki Swarasa and put in pre-coated
earthen pot with Ghrita. This vessel is kept in heap
of barley for one year.

In the present Study two samples of Loha
Rasayana have been prepared by adopting method
described in Charaka Samhita and a modified
method using the Loha Bhasma 5 procured from
IMPCL. Govt of India.

After one year, this is prescribed to the
patient after examining his/her digestive power,
every morning with Ghrita and Madhu in unequal
quantity. Accordingly dietary regimen should be
followed with do’s and don’ts.

Selection of Raw Material:
All the ingredients used in the processing
are procured from N.I.A. pharmacy and raw drug
local market Jaipur.

After consuming this for one year, one
cannot be defeated by wound, old age and death. He
becomes Mahaprana and Atibalendriya like Gajaraj.
He becomes Budhiman, Yashasvi, Vaksiddha,
Shrutadhara and Atidhanwan. The same way leaves
of Swarna and Rajata if made into fine powder as
said above, increases the life span and removes the
diseases.
Kaviraj Gangadhar in his commentary on the
Lohadi Rasayana2 in Jalpa Kalpa Taru has said to
make the Tikshnayasa patra red hot and then it is
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Preparation Of Loha Rasayana:Table No.1. Showing Ingredients and their proportion
S.No.

Drugs

Latin name / English

Amount

1.

Haritaki

Terminalia chebula Retz.

4 kg.

2.

Bibhitak

Terminalia bellirica (Gaertn.) Roxb

4 kg.

3.

Amalki

Phyllanthus emblica Linn

4 kg.

4.

Gomutra

Cow Urine

25 lt.

5.

Jyotishmati

Celastrus paniculatus Willd.

100 kg.

6.

Ingudi

Balanites aegyptica (Linn.)

50 kg.

7.

Palasha

Butea monosperma (Lamk.) Taub

50 kg.

8.

Loha Churna

Iron Powder

9.

Loha Bhasma

Ash of Iron ore

80 gm.

10.

Goghrita

Clarified Butter

100 ml.

11.

Madhu

Honey

100 ml.

12.

Yava

Hordeum Vulgare Linn

Equipments

1 kg.

10 kg.

Stainless steel vessels, Gas stove, clean
cotton cloth, measuring jar etc. Iron pan (kadhai),
Ladle, Fire gun, Iron container, Pithar-yantra,
Spoon, pH paper, Rubber-Tube, Spatula etc.

container was kept for boiling. The mixture was
stirred at regular interval to avoid the sticking and
was cooked until reduced to ¼ th of initial weight.
The mixture (kwatha) was filtered through clean and
dried cloth.

S.O.P. (Standard Operating procedure)-

Observations

A . Preparation of Triphala Kwatha

After overnight soaking Triphala coarse
powder became soft. A typical odour of Triphala was
produced after 2-3 hr. Little frothing was observed
in the liquid during the preparation of kwatha. The
colour of prepared kwatha was brownish green. It
took 16 hrs. to get reduce to ¼ quantity.

B. Preparation of Jyotishmati Ksharodaka
C. Preparation of Ingudi Ksharodaka
D. Preparation of Palasha Ksharodaka
E. Nirvapa of Loha in Triphala Kwatha, Gomutra,
Jyotishmati Ksharodaka, Ingudi Ksharodaka &
Palasha ksharodaka

Precaution
Coarse powder of Triphala was used for
kwatha preparation. Distilled water was used. Boiling
was done on mandagni (low flame) to avoid the
sticking of the material on base of the vessel and its
carbonization. stainless steel vessels were used to
avoid reaction with the drugs. Kwatha was boiled
without covering the mouth of the container.
Utensils, vessels and filtering cloth were used clean.
Stirring was carried out from time to time.

F. Preparation of Amalki Swarasa
A) Preparation of Triphala Kwatha
Procedure
Dry Triphala coarse powder 12 kg. was taken
in a stainless steel vessel. 96 lt. of water was added
and left overnight for soaking. Next day the
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Result - 24 lt. of kwatha was obtained.

C) Preparation of Ingudi ksharodaka

B) Preparation of Jyotishmati ksharodaka

Procedure

Procedure

50 kg. of dried Ingudi Panchanga was taken
in a big vessel and kept on furnace. The furnace was
started. (Day 1)The temp was kept at 800 0 C
throughout the procedure. Rest of the procedure was
same as that was used for the preparation of
Jyotishmati Ksharodaka.

100 kg .of dried Jyotishmati Beeja was taken
and kept on furnace. The Muffle furnace was started.
(Day 1) The temperature was kept at 800 0 C
throughout the procedure. When the fumes were seen
to come out of the furnace, then 50 gm. of ghee was
added to ignite the Jyotishmati Beeja. Jyotishmati
Beeja started burning with flames. After 7 hrs.
Jyotishmati Beeja turned in to black ash. The black
ash was again heated at 800 0 C for the whole day.
(Day 2) The ash turned in to carbon black colour and
reduced in mass. The ash was again heated to make
it to complete white ash. (Day 3) The white ash was
left on the furnace for self-cooling. (Day 4). White ash
of Jyotishmati Beeja was weighed.(Day 5) White ash
was taken in a large vessel; six times water was
added to the this ash. Ash was rubbed with the hand
in water to dissolve the kshara content thoroughly
and left overnight to get it settle down. The
supernatant water was filtered for 21 times through
a dried clean cotton cloth (Day 6). The filtered liquid
was again kept overnight and clear water in the
vessel was taken out by siphoning method with the
help of a rubber tube to get clear Jyotishmati
ksharodaka (day 7). The pH of the liquid was found.10

Observations
Dried Ingudi Panchanga burned freely.
Initially the burned material turned into black
coloured ash. After burning for long duration the
colour of ash was complete white. The colour of
filtered liquid was completely transparent. On
keeping for some days the Kshara was seen settling
at the bottom of the steel vessel.
Precaution
The Panchanga was completely dried to
make it
free from moisture. After complete
combustion the ash was white in colour. Safety
measures were taken while performing the burning
of the Panchanga so as to avoid any accident during
process.
Result
22.32 litre. of Ingudi Ksharodaka (clear
transparent liquid) was obtained.

Observations
Dried Jyotishmati Beeja burned freely.
Initially the burnt material turned into black
coloured ash. After burning for long duration the
colour of ash turned completely white in colour. The
colour of filtered liquid was completely transparent.
On keeping for some days the Kshara was seen
settling at the bottom of the steel vessel.

D) Preparation of Palasha ksharodaka
Procedure
50 kg. of dried Palasha Panchanga was kept
in a big vessel on furnace. The furnace was started.
(Day 1)The temp was kept at 800 0 C throughout the
procedure. Rest of the procedure was same as that
was used for the preparation of Jyotishmati
Ksharodaka.

Precaution
The Jyotishmati Beeja was completely dried
and free from moisture. After the combustion the
ash was white in colour. Safety measures were taken
while performing the burning of the Beeja so as to
avoid any accident.

Observations
Dried Palasha Panchanga were burned.
Initially the burnt material turned into black
coloured ash. After burning for long duration the
colour of ash was complete turned to white. The
colour of filtered liquid was slightly reddish in
colour. On keeping for 4 days the Kshara was seen
settling at the bottom of the steel vessel.

Result
22.62 litre. of Ksharodaka (clear transparent
liquid) was obtained.
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Precaution

burning of the Palasha Panchanga so as to avoid any
accident.

The Palasha Panchanga was completely
dried and made free from moisture. After the
complete combustion the ash was white in colour.
Safety measures were taken while performing the

Result
34.836 litre of Ingudi Ksharodaka (clear
transparent liquid) was obtained.

Table No.2 showing details of preparation of Ksharodaka.
Drugs

Weight of the Container
and Ash(A)

Weight of the
Container(B)

Weight of the
Ash. (A-B=C)

Amount of
water added(D)

Jyotishmati

6.838 kg.

3.068 kg.

3.770 kg.

22.62 lt.

Ingudi

6.788 kg.

3.068 kg.

3.720 kg.

22.32 lt.

Palasha

8.874 kg.

3.068 kg.

5.806 kg.

34.836 lt.

E) Nirvapa of Loha in Triphala kwatha,
Gomutra, Jyotishmati ksharodaka, Ingudi
Ksharodaka & Palasha ksharodaka

Observation
pH of all the liquids are observed before
starting the process of quenching and found
invariably 10 for all the liquids. Every time after
quenching pH of the liquid was observed and there
was remarkable change in the colour of the pH paper.
The temp. of the Iron in red hot condition was
recorded to be 900ºC. Crystal size was even reduced
and more floating of the particles was seen on the
surface of the liquid. Weight of Loha after Nirvapa
in different Ksharodaka was observed.

Procedure
1 lt. of Ksharodaka was taken in an iron
container. Iron was taken in a ladle and heated till
red hot condition using fire gun. When complete red
hot condition was achieved Iron was quenched in
Ksharaodaka through Pithar Yantra. pH of the
Ksharodaka was measured before and after the
quenching of the Iron. The liquid was poured from
the container and iron was removed and kept in iron
pan (kadhai).This procedure was repeated for rest of
the iron. The procedure of heating and quenching of
iron was repeated by taking fresh liquid every time.
Procedure was repeated for 21 times quenching in
Jyotishmati Ksharodaka, Ingudi Ksharodaka and
Palasha Ksharodaka.

Precaution
Precautionary care was taken while using fire
gun throughout the process. Pithar yantra was used
to avoid any accident and spillage of the
Ksharaodaka. Mask was used to cover the nose to
avoid inhalation of fine Iron particles.

Results - Details of the Nirvapa in different liquid are tabulated in the Table No.3.
Table No. 3 Showing details of Nirvapa in different liquids.
Liquid

Weight of Iron
before quenching

Weight of Iron
after quenching

Total loss of
Iron

Loss in
%

1000 gm.

885 gm.

115 gm.

11.5 %

Gomutra

885 gm.

775 gm.

110 gm.

11.0 %

Jyotishmati
ksharodaka

775 gm.

715 gm.

60 gm.

7.74 %

Ingudi ksharodaka

715 gm.

678 gm.

37 gm.

4.9 %

Palasha Ksharodaka

678 gm.

633 gm.

45 gm.

6.6 %

Triphala kwatha
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F. Preparation of Amalki Swarasa

Observation

Procedure

During preparation of Swarasa, small
amount of froth was seen on the surface.

Fresh fruit of Amalki were washed with fresh
water. Amalaki fruits were kept in juicer to extract
Swarasa. Extracted Juice was collected in a vessel.
The Juice was filtered in a beaker using dried & clean
cotton cloth.

Some amount of sediments was seen at the
bottom.
Colour

-

Light green.

Taste

-

Sour, Astringent

Smell

-

Typical smell of Amalaki.

pH

-

5.5.

Table No.4 Showing preparation of Amalaki Swarasa.
Amount of Amalaki

Amount of Swarasa

Swarasa Procured

Total loss

pH

3 kg.

2.276 lt.

75.86%

24.14%

5.5

Precaution

be to block the pores present in the earthen vessel
and to stop the seepage of the liquid through
capillary action. Madhu was added in the Amalaki
Swarasa, both of which are potent reducing agent.
Yava rashi is advised for keeping the Vessel. This
heap of the barley helps to maintain the temperature
of the vessel when there is change in the
environmental temperature. The colour of both the
sample LRA0 & LRB0 were reddish brown in colour
which turned red with time to black colour as
observed after six months. The odour of the samples
LRA0 & LRB0, which was typical astringent smell of
Amalki Swarasa which get converted to alcoholic
odour after three months.Taste of the sample at Zero
time i.e. in LRA0 & LRB0 was metallic which at
subsequent observation was alcoholic metallic in
both the series of samples LRA1 & LRB1, LRA2 &
LRB2 and LRA3 & LRB3. Test for the Sparsha
(Texture) was also found similar for both the series
of samples as rough, fine, very fine and very fine for
LRA0 & LRB0, LRA1 & LRB1, LRA2 & LRB2 and
LRA3 & LRB3 respectively. Test for Shabda (sound)
was done with the help of the parameter as
mentioned in classics for the presence of
Dantaagrekachkachabhava i.e. whether sound is
produced while chewing in between the teeth. On
observation it was found that Bhasma has lesser
degree of sound present in the first sample LRB0 but
slightly more in LRA0. Sound below the teeth was
found reduced on observation for following samples
and was almost negligible in the last sample LRA3 &
LRB3. For varitraratwa Scoring was done between
0 to ++++ for nil varitraratwa to remarkable

Amalki Fruit was washed properly before
processing. The Amalki was subjected to juicer to
obtain swarasa in maximum quantity. All aseptic
precautions were taken.
Result
2.276 lt. of Amalki Swarasa of pH 5.5 was
obtained.
Discussion
In the pharmaceutical study while following
the Charaka Samhita the Loha Rasayana was
prepared. For quenching Triphala kwatha and the
Palasha ksharodaka was prepared. Triphala kwatha
was acidic whereas the ksharodaka provided the
alkali media for the quenching. PH of all the Kshara
was invariably found 10. The iron was heated to red
hot using the gas burned pressure gun. Out of the
drug used for the preparation of the Loha Rasayana,
Haritaki, Bibhitak and Amalaki and palasha are the
drugs mentioned in the maraca gana of Loha.
Amalki is found to have good reducing property as
1.688 +-0.031 and 1.410+-0.100 of the alcoholic
extract. Gomutra is very good antioxidant. After
quenching in all most all liquids the iron becomes
more black, light in weight as is evident by spreading
as fine dust while heating, fineness and smooth
feeling on touch was observed. Significant loss was
observed after the complete procedure of 105
Quenching. The texts have advised the usage of
ghrita to coat the inner layer of the mrita patra may
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the size of the crystals of the dried samples, it was
subjected to pass through the sieves of various mess
sizes. Viz. 120, 170, 200 and 325 and amount of the
sample pass was weighed, thus the percentage passed
was calculated. 77.4%,40.2%,25.0% and 0% of LRA0
passed through 120, 170, 200 and 325 mess
size.78.4%, 66.8%, 60.0%, 2% of LRA1 passed
through 120, 170, 200 and 325 mess size.90.6%,
72.4%, 65.4% and2% of LRA2 passed through 120,
170, 200 and 325 mess size.95.8%, 76.4%, 68.0%
and 4% of LRA3 passed through 120, 170, 200 and
325 mess size. From the result it was quite apparent
that with the time more amount of the samples
passed through the same sieves in both the samples.

varitraratwa. Sample LRA0 showed + sign of
varitraratwa while LRB0 was ++ more positive for
Varitaratwa. Later after 6 months both the samples
LRA2 & LRB2 were +++ and after 9 months both the
samples were ++++.
For the Rekhapurnata test both the sample
series LRA0 & LRB0, LRA1 & LRB1, LRA2 & LRB2
and LRA3 & LRB3 were found similar at each interval
of time i.e. ++, ++, +++ and ++++for 0, 3, 6 and 9
months respectively. Scoring for the unnam test was
scored between – for negative test to +++ for
complete positive test. Though samples LRA0 & LRB1
did not show unnam property which later present
after 6 and 9 months was in samples LRA2 & LRA3.
Though Bhasma was already having unnam character
in LRB0 which even got clear to ++, ++ and +++ in
samples LRB1, LRB2 & LRB3 respectively. pH of both
the samples LRA0 & LRB0 was 5.5 at time zero.
Later also pH of the samples were same throughout
i.e. 3.8, 4, and 4.5 for LRA1 & LRB1, LRA2 & LRB2
and LRA3 & LRB3. The reduction in pH was mainly
due to production of alcohol in the samples. Loss on
drying in the samples LRA0 & LRB0 was 1.13% and
0.69% which increased with time to26.57% and
30.83% in LRA1 & LRB1, 28.24% and 32.67% in
LRA2 & LRB2 and 27.58% and 33.05% in LRA3 &
LRB3.Loss on drying increased with time because of
the presence of moisture in the samples also even
higher loss in LRB series may be because of presence
of herbal content in the samples. Ash value was quite
higher 97.03% & 93.32 in LRA0 & LRB0, may be due
to absence of moisture in the samples. Ash value
reduced to 72.89% & 66.75% in LRA1 & LRB1,
69.47% & 66.75 % in LRA2 & LRB2 and 69.55% &
63.65% in LRA3 & LRB3. The presence of the
moisture can be the cause of the reduction in ash
value. Acid insoluble ash represents the inorganic
matter present in the sample which was 87.98% &
86.85% in LRA0 & LRB0, 64.13% & 58.39% in LRA1
& LRB1, 61.87% & 55.79% in LRA2 & LRB2 and
61.94% & 54.78% in LRA3 & LRB3.lesser percentage
of Acid insoluble ash in LRB series may be due to
presence of organic matter in Bhasma. Water soluble
and alcohol soluble extractive values indicate the
presence of organic natured material probably the
ash of organic matter. Water Soluble Ash was 6.87%
& 7.37% in LRA0 & LRB0, 5.95% & 5.89% in LRA1 &
LRB1, 6.04% & 6.74% in LRA2 & LRB2, 6.27% &
6.84% in LRA3 & LRB3 respectively. To determine

TLC report reveals the two Rf value 0.50 and
0.024 against stationary phase silica gel and mobile
phase Toluene-: Glacial acetic acid (97:3). The
alcohol content of the samples was found as 2.12%
& 4.28% in LRA3 & LRB3 by (A.O.AC) method.
Though the reason for the difference in the values
cannot be explained. ICPAES was done for 10
elements. The value for Fe was 69.41%, 69.75%,
54.53%, 66.45%, 77.19%, 72.44%, 78.45% and
51.325% in LRA0, LRA1, LRA2, LRA3, LRB0, LRB1,
LRB2 and LRB3. The reason for sudden decrease in
LRA2 and LRB3 cannot be established. The heavy
metals were either absent or present in
negligible amount in all the samples. One
major difference found was the presence of silica in
the LRB series. XRD report indicates the conversion
of some of the magnetite to hematite form. However
the core substance was magnetite in the LRA series
and Hematite in LRB series. Assay for the Iron
content indicates there is substantial increase in
thepercentage of the Ferrous content of the sample
due course of time, being the maximum in the LRB2
& LRA3. It may be due to acidic reaction with the
alcohol present in the liquid of the sample.
Conclusion
Among the samples LRA0, LRA3, LRB 0 and
LRB 3 , the sample LRB 3 was found best on the
analytical parameters. Next in the series was LRA 3
i.e. Loha Rasayana was proved even superior to
LRB0 i.e. Loha Bhasma. Thus within the limit of this
study, Loha Rasayana can be concluded as superior
to the Loha Bhasma as far as the Analytical
parameters are concerned.
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Pharmaceutical Study

A Critical Study of Ramchandrayati’s Vaidya Vinod w.s.r. to
Rasashastra and Bhaishajya Kalpana
*Dr. Ramakant Vyas, **Dr. Sanjay Kumar, ***Dr. Parimi Suresh
Abstract
Ayurvedic literature is a vast domain where most of the writings are in the form of manuscripts.
‘Vaidyavinod’ is one such manuscript in Marwari language written in 17th century by Ramchandrayati based
on Sharangadhara Samhita. However, at present the original manuscript of ‘Vaidyavinod’ is not available
rather its two handwritten copies. This study comprises two steps – first, a comparison of the two available
copies of the ‘Vaidya vinod’ to establish its authentic text; second, comparing ‘Vaidyavinod’ with
Sharangadhara Samhita using the two commentaries i.e. Dipika and Gudharth Dipika. In this study regional
pharmaceutics specialties have been reported from ‘Vaidyavinod’ and 42 new formulations, 63 less
formulations and 88 S.O.Ps. changes have been found in this text in comparison to Sharangadhara Samhita.
Keywords: Manuscript, ‘Vaidyavinod’, Sharangadhara Samhita, S.O.Ps(Standard operative procedures)

‚Ê⁄Ê¢‡Ê‚÷Ë •ŸÈ‚¢œÊŸÊ¥ ∑§Ê ◊ÈÅÿ •ÊœÊ⁄ ﬂÊX◊ÿ „Ò– •ÊÿÈﬂ¸ºËÿ ﬂÊX◊ÿ ∑§Ë ¬ÈÁC ¬Êá«ÈUÁ∂Á¬ÿÊ¥ ∑§ •äÿÿŸ ‚ „ÙÃË „Ò–
ÿÁÃ⁄Ê◊ø¢ãŒ˝ mÊ⁄Ê 17ﬂË¥ ‡ÊÃÊéºË ◊¥ ‡ÊÊX¸œ⁄ ‚¢Á„ÃÊ ¬⁄ •ÊœÊÁ⁄Ã ª˝ãÕ ﬂÒlÁﬂŸÙº ∑§Ë ¬Êá«ÈUÁ∂Á¬ ¬⁄ ÿ„ ‡ÊÙœ ‚ê¬ÊÁºÃ Á∑§ÿÊ
ªÿÊ „Ò– ß‚ ª˝¢Õ ∑§Ë 18ﬂË¥ ‡ÊÃÊéºË ◊¥ „SÃÁ∂ÁπÃ ºÙ ¬˝ÁÃÁ∂Á¬ÿÊ¥ ¬⁄ ‡ÊÙœ ∑§Êÿ¸ Á∑§ÿÊ ªÿÊ „Ò–
ß‚ ‡ÊÙœ ∑§Êÿ¸ ◊¥ ﬂÒlÁﬂŸÙº
‚◊Ê∂ÙøŸÊà◊∑§ •äÿÿŸ Á∑§ÿÊ ªÿÊ „Ò–
ÃÕÊ ¬˝ÊºÁ‡Ê∑§ ∞ﬂ¢ •Ê¢øÁ∂∑§ ÿÙª ∞ﬂ¢
∑§Ë •¬ˇÊÊ ﬂÒlÁﬂŸÙº ª˝¢Õ ◊¥ 42 ÿÙª

ª˝¢Õ ∑§Ê ‡ÊÊX¸œ⁄ ‚¢Á„ÃÊ ∞ﬂ¢ ß‚∑§Ë ºËÁ¬∑§Ê ÃÕÊ ªÍ…UÊÕ¸ ºËÁ¬∑§Ê √ÿÊÅÿÊ ∑§ ‚ÊÕ
‡ÊÙœ ◊¥ ﬂÒlÁﬂŸÙº ª˝¢Õ ◊¥ •ÊÿË Áﬂ··ÃÊ•Ù¥ ∞ﬂ¢ ‡ÊÊX¸œ⁄ ‚¢Á„ÃÊ ‚ Áﬂ·ÿ ∑§ ãÿÍŸÊÁœÄÿ
¬˝‚¢S∑§⁄áÊ Áﬂ‡Ê·ÃÊ•Ù¥ ∑§Ê ﬂáÊ¸Ÿ Á∑§ÿÊ ªÿÊ „Ò– ¬˝SÃÈÃ ‡ÊÙœ ∑§Êÿ¸ ◊¥ ‡ÊÊX¸œ⁄ ‚¢Á„ÃÊ
•Áœ∑§, 63 ÿÙª ãÿÍŸ ÃÕÊ 88 ¬˝‚¢S∑§⁄áÊ ÁﬂÁ÷ÛÊÃÊ∞¢ ¬˝Ê# „Èß¸–

*Ayurveda Vachaspti (M.D.)(Ayu.),
**Assistant
Professor, P.G. Department of Rasashastra & Bhaishjya Kalpana,
National Institute of Ayurveda, Jaipur, Rajasthan. ***Associate Professor, P.G. Department of Rasashastra & Bhaishjya
Kalpana, National Institute of Ayurveda, Jaipur, Rajasthan
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Pharmaceutical Study

A Critical Study of Ramchandrayati’s Vaidya Vinod w.s.r. to
Rasashastra and Bhaishajya Kalpana
Dr. Ramakant Vyas, Dr. Sanjay Kumar, Dr. Parimi Suresh
Rajasthan. ‘Ram vinod’ Granth is another book on
Ayurvedic medicine by same author. Two sections
of ‘Ram vinod’ Granth namely ‘Nadi Pariksha’ and
‘Maan Pariman’ are also found separately. Another
book titled ‘Samudric Bhasha’ related to both
Ayurveda and Samudric Vidya is also found. He
wrote ‘Muldev Cho’ in Vikram Samvat 1711 in Nohar
and ‘Shrimal Cho’ in Vikram Samvat 1725 in
Bikaner.3 ‘Vaidyavinod’ was written in Marotkot. His
name was Ramchandra before given title ‘yati’. He
received this title in Shri Rajnagar in Vikram Samvat
1711 chaitra shukla 15. His religious master was
Natha Rau.4

Introduction :
All the physical achievements in this world
are outcome of continuous research which having an
extensive scope and different methodology. Among
all methodology, literary research has its own
significance. In Ayurveda, all the researches are
based upon literary research. The literature of
Ayurveda is vast and abundant. On the basis of
availability and popularity, it has been categorised
in two groups, Brhitrayi and Laghutrayi. In
Brhitrayi, Charak samhita, Susruta Samhita and
Ashtang Samgraha or Ashtang Hridya are included
whereas in Laghutrayi, Madhav Nidan, Shrangdhar
Samhita and Bhavprakash are included. Shrangdhar
Samhita(Sha. Sam) describes the procedures of
manufacturing Ayurvedic drugs along with all the
related definitions. This quality establishes it as the
founder of Bhaishajya Kalpana i.e. the science and
art of preparing Ayurvedic medicines.1

Aims of the study :

Jain saint Ramchandrayati has written a
bhashabandha ‘Vaidyavinod’
on Shrangdhar
Samhita. A copy of the manuscript of ‘Vaidyavinod’
in Vikram Samvat 1820 falgun sukla 6 was found in
Gyansagar Bhandar Library, Bikaner as indicated in
the book Jain Ayurved ka Itihas written by
Dr.Rajendraprakash Bhatnagar.2 it is written in verse
style which based upon Sharangdhar Samhita. The
text forwards so simple methods of treatment that
can be a child’s play for a vaidya which justifies the
meaning of its title. The author has used chhanda
style of Hindi to write the book and has dated its
completion as Vikram Samvat 1726 Vaishakh
purnima.

l

To present the main features of ‘Vaidyavinod’
and mark its contribution to Rasa Shastra and
Bhaishjaya kalpna.

l

To present the special features of S.O.Ps. and the
drug formulations described in ‘Vaidyavinod’.

l

A critical analysis of the book w.s.r. to
Shrangdhar Samhita and its available
commentaries.

Method and Materials:
A search for manuscripts and other literature
was carried out at possible places. Two copies of
manuscripts were found. These were labelled as text
‘A’ and text ‘B’ and the authenticity of the text was
confirmed on the basis of a comparative study of the
both. After a critical analysis of the texts, a
comparative study was carried out w.r.t. Shrangdhar
Samhita and its two commentaries Dipika and
Gudarth dipika. In this series, ingredients of each
formulation have been analysed in detail and the
corresponding parts of the commentaries also have
been included. Topics, drug formulations and S.O.Ps
which are different from Shrangdhar Samhita have
been described with possible reasoning. Various
manuscripts and editions of Shrangdhar Samhita
were studied for a thorough study.

Ramchandrayati was a Jain saint and his guru
was Shri Vanarasi Padamrang Gani. No reference of
his parents and family has been found in his books.
There is no mention of the place he belonged to but
it is confirmed to be in Rajasthan because of
Rajasthani influence in language of the books and
also because all the books have been found in
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Description of the texts studied :

Period

: 1756 A.D.

Text A Source

No. of leaves

: 141

Script

: Devnagari
: Rajasthani

: Abhay Jain Granthalya,
Nahata Chowk, Bikaner

Manuscript No.

: B 2- 853

Language

Author

: Ramchandrayati

Copy writer

: Ramchandra Narsingh

Period

: 1776 A.D.

Condition
: Complete, page no.51-55
and 62-79 damaged by insects, page no. 3
missing, two pages between page no. 62 and 79
missing.

No. of leaves

: 92

Script

: Devnagari

Language

: Rajasthani

Condition

: Complete,
first page damaged,
Page no. 25 and 89 missing.

Results :
Results have been concluded in form of
comparison in a number of drug formulations and
S.O.Ps described in ‘Vaidyavinod’ w.r.t. to
Sharangdhar Samhita. This is presented in tabular
form describing the features of all the three sections
of the book:

Text B

Main features of Poorvkhand :

Source : Prof. Laxmikant Dvivedi (Former HOD,
Department of Rasa Shastra and Bhajshajaya
Kalpana, National Institute of Ayurveda, Jaipur)
Author

: Ramchandrayati

Copy writer

: Shri Akhairaj

No. of Subject less than
Sharangdhar Samhita
Samhita
6

No. of Subject more
than Sharangdhar
3

Main features of Madhyamkhand:
Name of Chapters

No. of drug formulations
fless than Sha. Sam.

No. of drug formulations
more than Sha. Sam.

different
S.O.Ps nos.

Swaras

2

2

3

Kwatha

21

8

5

Kalka

2

2

-

Churna

8

4

4

Gutika

1

3

4

Avaleha

2

1

4

Ghrita

6

6

9

Taila

8

3

8

Sandhan

3

2

4

Dhatu Shodhan

2

-

10

Rasa Kalpana

8

5

17

Main features of Uttarkhand:
No. of drug formulations
less than Sha. Sam.

No. of drug formulations
more than Sha. Sam.

No. of different S.O.Ps

12

10

10

Discussion :
l

Bhandaar Library, Bikaner could not be accessed.
Of the two available copies, page no. 25 and 89
of the text ‘A’ are missing while in the text ‘B’,

Three copies of the manuscript of ‘Vaidyavinod’
are available. Out of these, the copy at Gyansagar
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I
Madhyam Khand, along with the
formulations, other drugs and formulae used for
the same disease also have been described
referring to the same context.

page no. 51 to 55 and page no. 62 to 79 have
been damaged by insects and two pages are
missing.
l

l

l

l

l

The author of the text, Ramchandrayati is a
student of Vanarasi Padamrang Gani. He has also
written ‘Ramvinod’ Granth as quoted in
‘Vaidyavinod’. This was completed at Matorkot
near Bikaner.
Although all the contents of ‘Vaidyavinod’ are
based upon Shrangdhar Samhita, it is full of
contemporary topics, S.O.Ps and new drug
formulations which make it important in
evolution of Bhaishajaya Kalpana.
The author was a Jain Saint, honoured with the
title ‘yati’. So he has not prescribed the use of
meat in formulations. He has modified
Shrangdhar’s ‘titar putpaka’ of nygrodharadi gana
into ‘vata patra putpaka’. In same way, in
Mayuradi Ghrita i.e. feathers of peacock have
been prescribed in place of flesh.

l

Names of some formulations have not been
quoted. Instead, only treatment has been
prescribed.

l

l

l

Some drugs quoted in regional names could not
be confirmed. So these have been described in
the research work as in original text. Such as
Gorakhpaan, julehkana, Murda, Hasti, Hanfa
Ras etc.

After a critical analysis of ‘Vaidyavinod’ and
its comparative study w.r.t. Shrangdhar Samhita and
its two commentaries Dipika and Gudarth dipika,
following conclusions were drawn.

Regional (Rajasthani) names of diseases and
drugs have been quoted instead of Sanskrit
names.
Distortion of names of some drug formulations is
seen as the language of the text is regional.

As the text was written in 17 th century, the
formulations which came into practice after 14th
century i.e. the period of Shrangdhar, have also
been included. e.g. Jeerkadyavleha, Panchanan
Rasa.

Conclusion :

The text was written at a place with a climate of
desert. So ‘Aanup dravyas’ have been replaced
with
‘Jangal dravyas’
having the same
properties. Variation in useful parts of the plants
is also seen. For example, use of seeds of lotus
(kamalbeej) in place of petals and the use of
Mishreya in place of Shatpushpa.

l

l

l

In ‘Vaidyavinod’, 42 formulation have been
described not found in Shrangdhar Samhita.

l

63 formulation are less than
Samhita.

l

88 variations in S.O.Ps have been found.

l

Study of ‘Vaidyavinod’ proves a great help in
understanding the drug formulae and S.O.Ps
described in Shrangdhar Samhita.

l

The study of pharmacognosy of the drugs in
regional practice and their synonyms as quoted
in ‘Vaidyavinod’ will add a lot of information in
Ayurveda text if further research is carried out
in this direction.

Shrangdhar

References :

In the section of Pathya Kalpana, the units of
amount of water used for preparation of manda,
peya, vilepi and yush differ from that quoted in
Shrangdhar Samhita and popular in tradition.
Description of Gana Pradhanya and Mana
Pradhanya corresponds to Shrangdhar Samhita
in some formulations and to Gudarth Dipika at
the some other formulations. An independent
analysis is also seen in some formulations. e.g.
triphla churna.
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Experimental Study

An Experimental Study of Ashodhita & Shodhita Gunja
( Abrus precatorius Linn.) in Albino rats
*Dr Bhawana mittal, **Dr Meenakshi, ***Dr Anita Sharma, ****Prof. Vinod Kumar Gothecha
Abstract:Ayurveda or any other science is to find out the validity of the claim or concepts prevalent or, to
throw new insight into old facts, concepts and practices. Things established as truths traditionally are first
challenged and doubted as regards their validity, they are then critically reexamined in modern light and
accepted or rejected only after convincing evidence is found. One way to verify such concepts is to examine
them experimentally with the help of animals, as conducting experiments on human beings is not ethical
and legal in today’s world. Various references are available which show that even in the ancient times,
mankind had learnt the use of various drugs after observing them being used by animals. The Ayurvedic
classics also throw light on the experimental studies by describing various visha vegas in animals and several
sign and symptoms produced on animals when fed contaminated food (Ca.Chi.23 and A.S.Su.8).
Such drugs which are described in Ayurveda Gunja (Abrus precatorius), Bhallatak ( Semicarpus
anacardium), etc. which are described as a highly toxic and used as a medicine after shodhan. So in present
study an experimental study has been made to evaluate the medicinal potency of Ashodhita and shodhita
Gunja.

‚Ê⁄UÊ¥‡ÊﬂÃ¸◊ÊŸ ¬Á⁄U¬ˇÿ ◊¥ •ÊÿÈﬂ¸Œ ÿÊ •ãÿ ÁøÁ∑§à‚Ê ÁﬂôÊÊŸ ∑§ ÃâÿÊ¥ ∑§Ê •ÊœÈÁŸ∑§ Á‚hÊãÃÊ¥ ∞ﬂ¥ ÁŸÿ◊Ê¥ ∑§ •ÊœÊ⁄U ¬⁄U
‚◊¤ÊŸÊ •ÁŸﬂÊÿ¸ „Ê ªÿÊ „Ò– ¬Ê⁄Uê¬Á⁄U∑§ ÁŸÿ◊Ê¥ ÃÕÊ ÃâÿÊ¥ ∑§Ê •ÊœÈÁŸ∑§ Á‚hÊãÃÊ¥ ∞ﬂ¥ ÁŸÿ◊Ê¥ ∑§ •ÊœÊ⁄U ¬⁄U ‚◊¤ÊŸÊ ∞∑§
øÈŸÊÒÃË „Ò– ¬⁄UËˇÊáÊ ∑§ ’ÊŒ „Ë •ÊœÈÁŸ∑§ ¬Á⁄U¬ˇÿ ◊¥ ßŸ Á‚hÊãÃÊ¥ ∑§Ê SﬂË∑§Ê⁄U ÿÊ •SﬂË∑§Ê⁄U Á∑§ÿÊ ¡ÊÃÊ „Ò– •Ê¡ ∑§ ‚◊ÿ
◊¥ ÁﬂÁ÷ÛÊ ¡ÊŸﬂ⁄UÊ¥ ¬⁄U ¬⁄UËˇÊáÊ Á∑§ÿÊ ¡ÊÃÊ „Ò– ¬˝ÊøËŸ ‚◊ÿ ‚ „Ë ∞‚ ∑§ß¸ ‚¥Œ÷¸ Á◊‹Ã „Ò ¡„Ê° ¡ÊŸﬂ⁄UÊ¥ ∑§Ê ¬˝ÿÊª Á∑§ÿÊ
¡ÊÃÊ „Ò–
•ÊÿÈﬂ¸Œ ◊¥ ﬂÁáÊ¸Ã ªÈTÊ ÷ÑÊÃ∑§ •ÊÁŒ ∑§ß¸ ∞‚ Œ˝√ÿÊ¥ ∑§Ê ﬂáÊ¸Ÿ Á∑§ÿÊ ªÿÊ „Ò ¡Ê Á∑§ Áﬂ·ÊQ§ „ÊÃ „Ò ‹Á∑§Ÿ ‡ÊÊœŸ
∑§ ’ÊŒ ©Ÿ∑§Ê ÁøÁ∑§à‚Ëÿ ©¬ÿÊª Á∑§ÿÊ ¡ÊÃÊ „Ò– ß‚Ë ‚¥’ãœ ◊¥ ∞∑§ ¬˝ÿÊ‚ ‡ÊÊœ¬òÊ ◊¥ Á∑§ÿÊ ªÿÊ „Ò ÃÕÊ ªÈTÊ ∑§Ê ‡ÊÊœŸ
‚ ¬„‹ ÃÕÊ ’ÊŒ ◊¥ øÍ„Ê¥ ¬⁄U ¬⁄UËˇÊáÊ Á∑§ÿÊ ªÿÊ „Ò–

*M.D. Scholar, P.G.Deptt. of Agad Tantra N.I.A. Jaipur, **M.D. Scholar, P.G.Deptt. of Agad Tantra N.I.A. Jaipur,
***Associate Prof.,
P.G. Deptt.of
Agad Tantra N.I.A. Jaipur, **** Former Professor & H.O.D., P.G.Deptt. of Agad
Tantra N.I.A. Jaipur
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Experimental Study

An Experimental Study of Ashodhita & Shodhita Gunja
( Abrus precatorius Linn.) in Albino rats
Dr. Bhawana mittal, Dr. Meenakshi, Dr. Anita Sharma, Prof. Vinod Kumar Gothecha

Introduction

Materials and Methods:

Among the many traditional health care
streams of the world, Ayurveda is unique in its
sound foundation of documented theories and
operational guides. However, the present global
aspirations and challenges that this tradition needs
to encounter make it imperative that the complex
layers of its principles and applications are validated
in a manner that is understood by the global man.
Moreover, there is also a need for upgrading that
knowledge base in order to enhance its rationality.1
This, obviously, has to be achieved with the able
support and benign aid of modern science.

A) Animals:
In all total 30 albino rats of either sex were
taken for the present study. The animals were
divided into 5 groups of 6 animals in each group.
B) Weight of Animals
The rats weighed between 102-250 gm were
kept in group-I (Control);
106-150gm in group-II (Ashodhita Gunja
Therapeutic);
101-200 gm in group-III (Ashodhita Gunja
Therapeutic 5X);

In fact various factors play a very important
role in deciding the safety and efficacy of the drug.2
Every drug inherently carries some adverse effects.
It is always the expertise of a physician which
converts a highly poisonous substance into an
effective medicine.3 Such drugs which are described
in Ayurveda Gunja4,8 (Abrus precatorius), Bhallatak5
(Semicarpus anacardium), Dhatura6 (Datura metal),
Vatsnabh7 (Aconitum ferox) etc.

101-178 gm in group-IV (Shodhita Gunja
Therapeutic); and
102- 176 gm in group-V (Shodhita Gunja
Therapeutic 5X).
C) Housing
They were kept in the Animal House of the
‘Apollo College of Veterinary Medicine, Kanota,
Jaipur.

Today people are shifting from the modern
medicines to the ancient systems of medicines like
Ayurveda is a very comprehensive medical system
which has been practiced for generations in India.9
It is time tested system of medicine but, one must
be able to explain the various processes used by our
ancient system in terms of modern language and
methodology to be made more acceptable.10

This work has been approved by ethical
committee Ref. No. 886/ac/05/CPCSEA on Date 6
September 2012 Letter No. ACVM/2012/208 in the
Apollo College of Veterinary Medicine, Kanota,
Jaipur.
D) Feeding

Aims and Objectives of the study:
Ø

To compare toxic study of Gunja seed before and
after Shodhana (detoxification) on cellular level
and histo-pathological changes in Albino Rats.

Ø

To study the therapeutic efficacy of Gunja seeds
after Shodhana process.

They were fed with Pellets, vegetables and
tap water. Both the food and water were available
and libitum.
E) Climate
They were reared under prevailing ambient
temperature humidity and exposed to natural day
and night cycle.
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observed changes were mild sinusoidal and
central venous congestion in AG5X and mild
steatosis in SG5X.

apparent statistically non significant.
l

l

l

l

l

l

In the differential leucocyte count, the data on
Eosinophil’s
count shows that the count
increased in all the test drugs treated Group
except SG5X, the increase was apparent
statistically significant in AGT and AG5X.
However there was apparent but statistically nonsignificant increase seen in SGT. At the same time
statistically non-significant decrease in
eosinophil’s count was also observed in SG5X
Group.
Increase in eosinophil count in indicative of
inflammation of immunological origin. It may be
a pointer towards the possibility of the drug or
one of its constituents, may precipitate
immunological reaction, probably by interacting
with some of the body constituents. The data
generated during the study shows that such a
possibility is more in AGT and AG5X Group and
less in SG5X treated group.
In the differential leucocyte count, the data on
Monocyte count shows that the count decreased
in all the test drugs treated Group except AGT,
the decrease was apparent statistically
significant. Monocyte count remained unchanged
in AGT Group.
The reason for this difference is not clear and
would require further studies to understand the
exact physico-chemical mechanism underlying
this effect remains to be determined.
In histo-pathological investigation AG5X and
SG5X produced mild toxicity in the liver. The
observed changes were mild sinusoidal and
central venous congestion in AG5X and mild
steatosis in SG5X.

l

In histo-pathological investigation all test drug
treated Group samples did not show any toxicity
in the Kidney.

l

The short termed chronic toxicity study
revealed that none of the sample seems to be
highly toxic, but among them also SGT was least
toxic in comparison to AGT, AG5X, and SG5X.

l

Conclusions

In histo-pathological investigation AG5X and
SG5X produced mild toxicity in the liver. The

l

Ancient Rasacaryas were well aware about the
untoward effects or toxic effect produced due to
use of their impure form of drug.

l

The short termed chronic toxicity study
revealed that none of the sample seems to be
highly toxic, but among them also SGT was least
toxic in comparison to AGT, AG5X, SG5X.

l

There are many Ayurvedic formulations that
contain Gunja and according to Ayurveda, toxic
drugs are used for therapeutic purpose only after
their Shodhan. Gunja also counted as a poison
so Gunja should be used as a drug only after it
has been subjected to Shodhana.

l

Shodhana process not only reduces the toxicity
but enhances therapeutic properties.

l

In AGT & AG5X Group a significant level
decrease was observed in AST, ALT and Alkaline
phosphatase level in comparison to control
Group.

l

In Liver weight & Kidney weight a highly
significant decrease was observed in All Group
AGT, AG5X, SGT, and SG5X in comparison to
control Group.

l

In Heart weight a highly significant decrease was
observed in AGT and AG5X Groups in
comparison to control Group.

l

In Brain weight a highly significant increase was
observed in AGT and AG5X Groups in
comparison to control Group.

l

In histopathological investigation AG5X and
SG5X produced mild toxicity in the liver. The
observed changes were mild sinusoidal and
central venous congestion in AG5X and mild
steatosis in SG5X.

l

All test drug treated Group samples did not show
any toxicity in the Kidney and Heart.

l

In histopathological investigation AGT and AG5X
produced moderate toxicity in the Brain. The
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observed changes mild neuronal enlargement
seen in AGT Group and Focal aggregates of
dendrites seen in AG5X Group. No pathology
observed in SGT and SG5X Group.
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Conceptual Study
Painful sensations due to Pittadosha
*Prakash Mangalasseri, **Surendran E, ***Manoj Kumar AK

Abstract
Painful sensation due to Pittadosha is burning in nature. It is generally termed as Daaha. Various
manifestations of Daaha are explained in Ayurvedic classical texts. It may be either localized or generalized
with various intensities and features. Osha, Plosha, Dava, Davadhu, Vidaha, Antardaaha etc are varieties of
Daaha and are commonly seen in patients. Hypersthesia, allodynia, causalgia etc. and certain vasomotor
symptoms can be understood in terms of Pitta type of painful sensations. This article compiles technical
explanations of terminologies on Pitta type of pain and attempts for some physiopathological interpretations.
Key words : Daaha, Osha, Plosha, Dava, Davadhu, Vidaha, Ayurveda, Pitta Pain

‚Ê⁄UÊ¥‡ÊÁ¬ûÊ ºÙ· ∑‘ ∑§Ê⁄áÊ „ÙŸ ﬂÊ‹Ë ﬂºŸÊ ÿ„ Sﬂ÷ÊﬂÃ— ©c◊Ê ¬˝œÊŸ „ÙÃË „Ò– ß‚ “ºÊ„” ÿ„ ‚¢ôÊÊ ºË ªÿË „Ò– •ÊÿÈﬂ¸ºËÿ
‚¢Á„ÃÊ•Ù¥ ◊ •Ÿ∑§ √ÿÊœËÿÊ¥ ∑§ ‹ˇÊáÊ ◊¥ ºÊ„ ∑‘ ÁﬂÁﬂœ ¬˝∑§Ê⁄Ê¥ ∑§Ê ©Ñπ Á∑§ÿÊ ªÿÊ „Ò– ÿ„ ‹ˇÊáÊ ∑§„Ë SÕÊÁŸ∑§ ÃÙ ∑§„Ë
‚Êﬂ¸ºÒÁ„∑§, ∑§÷Ë •À¬ ∑§÷Ë •œË∑§ ÃËﬂ˝ÃÊ ∑‘ ‚ÊÕ ∞ﬂ¢ ÁﬂÁ÷ÛÊ SﬂL§¬Ù ◊ ºπ ¡ÊÃ „Ò– ©ºÊ„⁄áÊÊÕ¸ •Ê·, øÙ·, ºﬂ, ºﬂÕÍ,
ÁﬂºÊ„, •ãÃºÊ¸„ ß¸. ºÊ„ ∑‘ ÁﬂÁﬂœ ¬˝∑§Ê⁄ L§ÇáÊ ◊ ‚Ê◊ÊãÿÃ— ¬Á⁄‹ÁˇÊÃ „ÙÃ „Ò– „Êÿ¬⁄SÕÁ‚ÿÊ, ∞Ú‹Ù«UÊÿÁŸÿÊ, ∑§ÊÚ‚Ê‹Á¡ÿÊ
•ÊÁº •ÊÒ⁄ ∞‚ „Ë ∑È§¿U ﬂÊÁ„∑§Ê¬˝⁄∑§ (ﬂÊ‚Ù◊Ù≈⁄) ‹ˇÊáÊ Á¬ûÊ ∑‘ ∑§Ê⁄áÊ ©à¬ÛÊ ﬂºŸÊ•Ê ∑‘ L§¬ ◊ ºπ ¡Ê ‚∑§Ã „Ò– ¬˝SÃÈÃ
‹π ◊ ∞‚Ë „Ë ∑È§¿U Á¬ûÊ ‚ ©à¬ÛÊ ﬂºŸÊ•Ê ∑§Ë ¬Á⁄÷Ê·Ê•Ê ∑§Ê ﬂÒôÊÊÁŸ∑§ ∞ﬂ¢ ≥ÊÊ⁄UË⁄ ÁR§ÿÊà◊∑§ ŒÎÁC ‚ S¬CË∑§⁄áÊ ÁºÿÊ
ªÿÊ „Ò–

*Reader, **Professor (Retd.), Dept. of Kayachikitsa; ***Professor, Dept. of Panchakarma; VPSV Ayurveda College,
Kottakkal, Kerala
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Conceptual Study
Painful sensations due to Pittadosha
Prakash Mangalasseri, Surendran E, Manoj Kumar AK
Introduction

note burning sensation. In the context of ‘Exclusive
cardinal disorders of Pitta’ (Paittika nanatmaja
vikara), while commenting on various presentations,
Indu has defined ‘Daaha’ as a general term in which
burning sensation affecting all over the body and is
of intense character (Sarvaangabhavah teevrascha
daahah sa saamanya sabdavaachya – Indu. on AS Su.
20) 4 . It is further supported by Arunadatta and
Vachaspati . (Daahah sarvaangeenah taapah daahahArun. Ah.Su.3.29 and Daahah parito dehe santaapena
vyaaptaakhila deham -Vac.M.N.28.14). There are
further explanations for the term Daaha in different
contexts. It also means rise of temperature (warmth
or heat) (Daahah santaapah - Arun.Ah.Su.11.7;
Dahyata tapyata - Arun.Ah.N.12.17). It is also
defined as a feeling as if mustard is pasted over the
skin. (Daahah sarshapaliptasya iva ooshaaTod.Ah.N.5.340). It can also be explained as a
sensation as if near to fire (Agninaa iva duhkham Hem.Ah.N.6.32).

Vedana is the appreciation of sensation.
Vedana is affected to the body parts connected to
sense organs and mind. Body parts devoid of sensory
organs like hair, nail etc does not convey Vedana1.
A pleasurable sensation is termed as Sukham and a
painful sensation is termed as Dukham. Dukham is
synonymous with disease. Different types of pain are
described in Ayurveda. The various painful
presentations are due to vitiation of three humors
Vata, Pitta and Kapha. Pricking (Toda), splitting
(Bheda), colicky (Shoola) etc are examples of pain of
Vata origin. Different types of burning sensation
(Daha) are produced by Pitta. Itching (Kandu) is a
characteristic feature of Kapha.2 The nature of pain
depends on the properties and cardinal features of
Dosha involved in the pathology.
Hotness
(Ushnaguna) of Pitta along with its sharpness
(Theekshnaguna ) decides the characteristics of
painful sensations caused by Pitta. Here an attempt
is made to compile various painful clinical
presentations solely attributed to Pittadosha and to
interpret the same with few modern explanations.
The painful Pitta presentations are enlisted below3.

2. Osha – It is also generalized burning
sensation but associated with sweating and
restlessness (Sa eve swedena aratya cha yukta osha
ityuchyate Indu. on AS Su. 20)4

A. Generalised

3. Plosha – A severe form of burning
sensation affecting any part or organ of the body as
if exposed to flames and is devoid of sweating is
termed as Plosha (Praadeshikah daaho yah kechideva
ange avayave swedarahitah teekshno agnyarchisheva
jwalanajwalayeva daaha plosha ityuchyate- Indu. on
AS Su. 20)4

a. Daaha
b. Osha
B. Localised
a. Plosha
b. Dava

4. Dava – The burning sensation affecting
oral cavity, lips or palate is called Dava. (Mukhe va
oshthe va taluni va daho dava shabdena uchyate Indu. on AS Su. 20)4

c. Davadhu
d. Vidaaha
e. Anthardaaha
f.

Twakdaaha

5. Davadhu – The burning sensation
affecting the sensory organs like eyes is called as
Davadhu. It may be felt at the end of sensorial
perception in the sensory centre. Otherwise it may
be felt in the physical organs like eyes as it is the
abode of vision. (Chaksuraadeendiyeshu daaho

g. Amsadaaha
h. Chosha
Common Painful manifestations of Pitta
1. Daaha – This is a general term used to
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Amlaka is the manifestation of epigastric
pain, burning sensation in the alimentary tract and
acid eructation together (Hridayashoola saantardaaha
sakoshthadaaha
saamlodgaarscha
amlaka
shabdavaachya – Indu AS. Su 17). Burning sensation
of lesser grade is termed as Paridaha or Pariplosha
etc. (Pariploshah santaapaat svalpah tvak daahah Indu.As.Su.19.5). In certain contexts Daaha is also
defined as generalized severe temperature, with
persistent restlessness and (Daahah sarvaangeenah
teevroshmaa sadaa aratimaan - Arun.Ah.U.17.4).

davadhu.
Esha
hi
vishayagrahanavasne
indriyaadhishthaanaya
bhavati.
Athava
indriyaadhaarasya
netraderaadheyena
chaksuraadeendriyena vyapadeshah - Indu. on AS
Su. 20)4
6. Vidaaha- Different types of burning
sensation affecting the limbs are termed as Vidaaha.
(Paanyadishu
naana
swaroopah
daahah
vidaahasabhda vachya - Indu. on AS Su. 20)4
7. Antardaaha
– Burning sensation
affecting the alimentary tract is called Antardaaha.
(Koshtho antasshabdena shareerike antahkoshtho
mahasrotha iti, teneva tadukta bhavati- antardaaha
shabdena koshthadaaho uchyate-Indu.on AS Su. 20)4

Interpretation of Painful Pitta presentations
The painful sensation due to Pittadosha can
be understood as either generalized (Daaha or Osha)
or localized (Plosha, Dava, Davadhu etc.). This may
be manifested due to various causes. Before analyzing
painful presentations of Pitta let us consider pain in
general. Basically the pain sensation may be either
Nociceptive or Neuropathic. Pain derived from skin,
subcutaneous tissue, and mucous membrane is
termed as nociceptive. It may be due to any injury
or impending injury. Nociceptive pain may be either
somatic or visceral. Pain derived from any problem
in the nervous system is called neuropathic. It can
originate from the peripheral and / or central nervous
system. A mixed presentation of nociceptive as well
as neuropathic pain is also possible.

8. Twakdaaha – Burning sensation of the
skin can be called as Twakdaaha
9. Amsadaaha – Burning sensation in the
scapular region is termed as Amsadaaha.
10. Chosha – Choshah is also a type of
burning pain but not enlisted in exclusive cardinal
disorders of Pitta (Paittika nanatmaja vikara). It is the
virtual experience of burning as if contacted with fire
(Saakshaat agnisambandhena iva upataapah choshah
- Vac.M.N.56.32) or painful feeling of heat near to
fire (Choshah paarsvastha agnisantaapavat vyathaa Vij.MN.41.7). It also has a meaning like sucking pain
(Chosham aakarshanam - Dal.S.Su.42.9, Choshah
aachooshanam iva - Dal.S.N.5.10, Chooshyata iva
vedanaaviseshah - Dal.S.Su.17.5)

Hyperesthesia (Sprashakshamatwam) is a
characteristic feature of vitiated Pitta5. Hyperesthesia
is increased sensitivity to stimuli. Injury to the nerve
fibers that normally respond to innocuous stimuli
like light touch may lower their activation threshold
needed to respond. This change causes the individual
to feel intense pain from the lightest of touch. In any
type of acute inflammations tenderness of varying
degree are possible.

Other painful manifestations of Pitta
There are few terms which are similar or
associated with Daaha in Paittika nanatmaja vikara.
These are also explained here since it is also
clinically available. They are Dhoomaka and Amlaka.
Dhoomaka is a feeling like the internal parts of head
etc are filled with smoke (Antah shiraprabhritishu
dhoomavritamiva dhoomakah- Indu. on AS Su. 20)4.
It is also explained as feeling of emitting fume.
(Dhoomakah dhoomodvamanam iva - Chakra.
C.Su.20.14). It is felt in body orifices like nostrils etc
(Dhoomaayati
iti
dhooma
nissarana
iva
naasikaadideseshu anubhavati - Arun.Ah.N.5.26), or
fumigating like feeling in the hrad, neck, throt and
palate. (Sirogreeva kantha taalushu dhoomaayanam
dhoomakah - Arun.Ah.Su.20.12).

Paittika type of painful sensation is more
common in small fiber neuropathy. A small fiber
neuropathy occurs when damage to the peripheral
nerves predominantly or entirely affects the small
myelinated (Ad) fibers or unmyelinated C fibers.
Small fiber neuropathy manifests in a variety of
different diseases and often results in symptoms of
burning pain, shooting pain, allodynia, and
hyperesthesia.
When the pain caused by a stimulus which
does not normally provoke pain it is called as
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may be compared with Dava. Pyrosis or heartburn
is a burning sensation in the epigastrium. The pain
often rises in the chest and may radiate to the neck,
throat, or jaw. Heartburn is usually associated with
regurgitation of gastric acid which is the main
symptom of gastroesophageal reflux disease (GERD).
This may be compared with Antardaaha or Amlaka.
A typical night worsening burning pain is common
in diabetic periarthritis of the shoulder which can
be compared with Amsadaaha.

allodynia. For example lightly touching the uninjured
skin may cause severe pain. Causalgia is another term
which is used for syndromic presentation of
sustained burning pain, allodynia and hyperpathia
after traumatic nerve lesion. It may be often
combined with vasomotor dysfunction which further
supports the relationship with Pitta. Dysaesthesia is
defined as an unpleasant, abnormal sense of touch
and sometimes described as feeling like acid under
the skin. Daaha of various presentations are seen in
above described conditions.

Complex Regional Pain Syndrome (CRPS) is
a chronic pain condition. The main feature of CRPS
is continuous intense pain which may appear to be
out of proportion to the severity of the injury. The
pain commonly worsens with time. It is of two types.
The first one is often triggered by tissue injury but
has no apparent nerve damage. It is otherwise called
reflex sympathetic dystrophy. The second type has
the same symptoms but is also associated with a
nerve injury. The symptoms of CRPS in general
include burning pain, increased skin sensitivity,
changes in skin temperature, color and texture with
sweating or swelling in the affected part. CRPS is
also has striking similarity with Pain of Pitta origin.
Such conditions respond to Pitta alleviating
treatment strategies like therapeutic stream sudation
(Dharasweda). Certain psychogenic pain can also
understood in terms of Pittadosha especially when
associated with difficulty in initiating sleep at night
(Alpanidrata) and well responds to cooling oil
applications like Mahachandanadi taila over head.

Painful Pitta presentations in diseases.
Hemiplegia dolorosa is a term used to explain
thalamic stroke which is otherwise called sensory
stroke. It is also known as Dejerine–Roussy
syndrome or thalamic pain syndrome. It is
manifested initially as numbness later replaced by
burning and tingling sensations, widely varying in
degree of severity across all cases. Burning and
tingling can also be accompanied by hypersensitivity,
usually in the form of dysaesthesia or allodynia. Less
commonly, some patients develop severe ongoing
pain with little or no stimuli. Unilateral persistent
hyperhydrosis (Sweda) in the affected side is also
seen. The condition may be understood as
Hemiplegia due to Piita associated with Vata
(Pittanubandha Pakshaghata). This condition has
striking similiarity with Osha.
Vasomotor symptoms as if in Menopausal
syndrome include hot flashes and night sweats. Hot
flashes are recurrent, transient episodes of flushing,
perspiration, and a sensation ranging from warmth
to intense heat on the upper body and face. Night
sweats are hot flashes that occur with perspiration
during sleep. These may be compared with Plosha if
intense sweating is not associated. In Herpes
infections and post herpetic neuralgia Plosha is
typically manifested. Diabetic peripheral neuropathy
is manifested as tingling, numbness and burning
sensation in the feet, legs or hands. This is similar
with Vidaaha explained in Paittika nanatmajavikara.
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Applied Anatomy of Pratara Sandhis of Prushthavansha
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Abstract
Approximately 10% of the total population consults a physician each year about back pain. More
than 80% of people have back complaints during their life time. The vertebral column, together with the
sternum and ribs, forms the skeleton of the body. The parts of the vertebral column have the greatest
movement–the cervical and lumbar region, are the most frequent sites for the pain. Since the anatomy of
the joints between vertebrae is complex hence the profound and full knowledge of the structure and function
is required to diagnose and treat the disease low back pain, which is most common now days. Back pain has
many causes and one of the major causes is injury to vertebral column or pathology including intervertebral
joints.
Although the anatomy of the back in Ayurvedic Samhitas is not described in detail as anatomy of
prushtavansha (vertebral column) and kasherukas (vertebrae) is elaborated in modern anatomy, but while
describing the sandhi (joints), Acharya have detailed its descriptionin the context of Pratara sandhi. The
present article is the extract of a conceptual research study carried out to quest the applied aspects of
Ayurvediya concept in the light of modern anatomy.
Key words: Pratara Sandhi, Prushthavamsh, kasheruka, Greeva, Kati.

‚Ê⁄Ê¢≥Ê ‚ê¬ÍáÊ¸ ‚¢‚Ê⁄ ∑§Ë ∑È§‹ ¡Ÿ‚¢ÅÿÊ ∑§Ë ‹ª÷ª 10 ¬˝ÁÃ≥ÊÃ •Ê’ÊºË ¬˝ÁÃﬂ·¸ ¬Ë∆ ºº¸ ∑§ Á‹∞ ÁøÁ∑§à‚∑§ ∑§Ë ‚ﬂÊ∞¢
‹ÃË „Ò– 80' ‚ ÖÿÊºÊ ‹ÙªÙ¥ ∑§Ù •¬Ÿ ¡ËﬂŸ ∑§ ºı⁄ÊŸ ∑§÷Ë Ÿ ∑§÷Ë ¬Ë∆ ºº¸ ∑§Ë Á≥Ê∑§ÊÿÃ •ﬂ‡ÿ „ÙÃË „Ò– ∑§≥ÊM§∑§Êÿ¥
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„Ò •Ã— ﬂÃ¸◊ÊŸ ◊¥ ‚Ê◊ÊãÿÃ— „ÙŸ ﬂÊ‹Ë √ÿÊÁœ ∑§Á≈≥ÊÍ‹ ∑§ ÁŸºÊŸ ∞ﬂ¢ ÁøÁ∑§à‚Ê ∑§ Á‹∞ ß‚∑§Ë ⁄øŸÊ ÃÕÊ ÁR§ÿÊ ∑§Ê ¬ÍáÊ¸
∞ﬂ¢ ª„Ÿ ôÊÊŸ •Êﬂ‡ÿ∑§ „Ò– ∑§Á≈≥ÊÍ‹ ∑§ •Ÿ∑§ ∑§Ê⁄áÊ „ÙÃ „Ò¥ Á¡‚◊¥ ‚ ◊M§ºá«U ◊¥ •ÊÉÊÊÃ ÃÕÊ ◊M§ºá«U ∑§Ë ‚ÁãœÿÙ¥ ◊¥
Áﬂ∑Î§ÁÃ „ÙŸÊ ¬˝◊Èπ „Ò–
ÿlÁ¬ •ÊÿÈﬂ¸º ‚¢Á„ÃÊ•Ù¥ ◊¥ ¬ÎD˜ﬂ¢≥Ê ∞ﬂ¢ ∑§≥ÊM§∑§Ê•Ù¥ ∑§Ë ⁄øŸÊ ∑§Ê ÁﬂSÃÎÃ ﬂáÊ¸Ÿ ©ÃŸÊ Ÿ„Ë Á◊‹ÃÊ Á¡ÃŸÊ •ÊœÈÁŸ∑§
≥Ê⁄Ë⁄ ⁄øŸÊ ÁﬂôÊÊŸ ◊¥ Á◊‹ÃÊ „Ò ÃÕÊÁ¬ •ÊøÊÿÙZ Ÿ¥ ‚Áãœ ¬˝∑§⁄áÊ ∑§ •ãÃª¸Ã ÿ„Ê¢ ¬ÊÿË ¡ÊŸ ﬂÊ‹Ë ¬˝Ã⁄ ‚Áãœ ∑§Ê ﬂáÊ¸Ÿ
Á∑§ÿÊ „Ò– ¬˝SÃÈÃ ‚ÒhÊÁãÃ∑§ ≥ÊÙœ •äÿÿŸ ◊¥ ©¬⁄ÙQ§ •ÊÿÈﬂ¸ºËÿ Á‚hÊãÃ ∑§ √ÿÊﬂ„ÊÁ⁄∑§ ¬ˇÊ ∑§Ù •ÊœÈÁŸ∑§ ≥Ê⁄Ë⁄ ⁄øŸÊ ÁﬂôÊÊŸ
∑§ ◊Êäÿ◊ ‚ S¬C ∑§⁄Ÿ ∑§Ê ¬˝ÿÊ‚ Á∑§ÿÊ ªÿÊ „Ò –
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Introduction

most common now days. Back pain has many causes
and one of the major causes is injury to vertebral
column or pathology including intervertebral joints.
In severe injuries, the examining person must be
careful not to cause further damage. So to prevent
this, the knowledge of anatomy, surface marking etc.
should be known and studied properly. Keeping in
view all these, the topic was selected.

Ayurveda is the science imparts all the
knowledge of life. Life is combination of four factors;1
sharir, indriya, satwaand atma. Through structural
study, scientific knowledge of the subject Sharir
Rachana was well organised by Ayurveda. Anatomy,
the knowledge of the structure of human body is
foremost aspiration in medical profession. This
knowledge is must for further medical studies.

Aims and objectives

In Ayurvedic Samhitas all the Acharyas had
described the whole body in six parts i.e. Shadanga
Sharir.2

Study the anatomy and applied aspects of
vertebral column as well as intervertebral joints.

The prushtavansha or vertebral column is at
the prushtabhagaof the Madhya shareera. The
sandhis between kasheruka of prushtavansha
arepratara sandhi.3

Need of the study

Study the clinical aspects of the anatomy of
vertebral column, its anomalies and its diseases.

In back complains most of the time cause is
related to the vertebral column. To study these
diseases, to diagnose and to treat back pain the
thorough knowledge of anatomy of back should me
known. Also to examine the patient of the back pain
the knowledge of anatomy should be known.

The references of prushtavansha are few.
Aacharya Sushruta had mentioned it while
describing numbers of bones, types of joints,
marmasthanaetc. In other samhitas also the
prushtavansha is mentioned while describing
number of joints, marmas and other structures
related to prushtavansha.

Material and Method
Ayurvedic Review

The parts of neck and back where the
vertebral column has the greatest movement – the
cervical and lumbar region, are the most frequent
sites of disabling pain. Approximately 10% of the
total population consults a physician each year about
back pain. More than 80% of people have back
complaints during their life time. The anatomy of the
back is complex. In Ayurvedic Samhitas the
description of anatomy of prushtavansha (vertebral
column) and kasherukas (vertebrae) in detail is not
found, also the description of the sandhi (joints)
between them i.e. Pratara sandhi is not found in
detail.

The human body is mainly supported by the
bones, which does Dharan (holding) of body. These
bones are interconnected with the help of various
joints. Because of whish these bones are joined
together and able to hold the body in proper way.
Because of joint only the movement of body is
possible. Any movement would be impossible if
there are no joints. In the skeletal frame work of
humans or any animal, it can be observed that the
number of bones of various shape and size accounts
for the formation of the skeleton. These bones are
united together at various places to form joints.
Then the whole skeletal system is built upon a joint
system which supports the whole body. In this joint
system the participating bones and cartilages in a
particular joint are either immovably united together
or they are united in such a way that spaces are left

Since the anatomy of the joints between
vertebrae is complex a thorough knowledge of the
structure and function is required to diagnose and
treat the diseases of back like back pain which is
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in between them so as to allow movements between
themselves leading to movement of joint.

Tunnasevani as Toonasevani and Vayastunda is
named as Kakatunda.

Sandhis are taking major role in movement
and locomotion of the body as well as other
movements of the body such as flexion, extension,
adduction, abduction, rotation etc. Without sandhis
it is impossible to move the body. Even if a single
sandhi is not working properly then there is
difficulty in normal movement of the body in day to
day life. Which can be better observed when one
cannot move a joint when it is casted.

Joints of Prushtavansha.
Pratara sandhi
Aacharya Sushruta has mentioned that the
joints in the prushtavansha are pratara type of joint.
These types of joints are also located in Greeva.

ª˝ËﬂÊ¬ÎDﬂ¢≥ÊÿÙ— ¬˝Ã⁄Ê—–6
According to
Aacharya Dalhana, the
articulating surfaces of this variety of joint are flat
in nature and floating, supported by cushion and
friction is seen in between the articulating surfaces.

Classification of Sandhi
The classification of sandh is and its further
subdivision has been done based on structures which
are seen in between the two bony ends, the type of
movement occurring in joint and the various
functions done by the joints.

¬˝Ã⁄àÿŸŸÁÃ¬˝Ã⁄Ù÷‹∑§— ÃºÊ∑Î§Ãÿ—¬˝Ã⁄Ê—

While describing the
pratarasandhisaacharya Gananath Sen has mentioned that these
type of joints are formed from articulation of
Samatalaor flat part of slightly movable bony parts.
In this type of joint the part of bones that articulates
with each other are oblique, so the name is given as
Pratara.

Main classification of Sandhiis of two types
1 . Based on Kriya
2. Based on Rachana
Kriyanusara
Movement)

Vargeekarana

(Based

|7

on

Functionally the sandhis are of two types4

¬˝Ã⁄Ê ŸÊ◊ ¬˝Ã⁄áÊ≥ÊË‹ÒÁ⁄ﬂ ß¸·ìÊ‹Ò— ‚◊Ã‹Ê¢≥ÊÊèÿÊ¢
¬⁄S¬⁄‚¢Á„ÃÒ⁄ÁSÕπá«ÒUÁŸ¸Á◊¸ÃÊ— ‚ãœÿ— –}(ªáÊŸÊÕ‚Ÿ)

1 . Chestavanta or chalasandhis (joints which are
movable).

According
to
Acharya
Senpratarasandhi are of three types 9

2. Sthira or Achala Sandhis (the joints which are
immovable).

Chala Pratara

The chestavantasandhis are further classified
into two types based on their extent of movement.
They are

Druda Pratara

Gananath

Yukta Pratara

Ã ÁGÁﬂœÊ— ‚ãœÊŸ¬˝∑§Ê⁄ﬂÒ≥ÊcÿÊÃ˜-ø‹¬˝Ã⁄—, ÿÈQ§
¬˝Ã⁄—, ºÎ…U¬˝Ã⁄‡øÁÃ–

1 . Bahuchala. (Freely movable)

Based on the structure Aacharya Sushruta
had described eight types of sandhis. They are Kora,
Ulukhala, Samudga, Pratara, Tunnasevani,
Vayasatunda, Mandala and Shankhavarta.5

ÃG-‡‹c◊œ⁄∑§‹Ê¬È≈√ÿﬂœÊŸŸ ø‹àﬂ’Ê„ÈÀ¬
‚ÁÃ ø‹¬˝Ã⁄ÊÅÿ—‚Áãœ—,ÿÕÊ-∑§⁄—ø⁄áÊ—∑Í§ìÊÊ¸SâŸÊ¢ ¬⁄S¬⁄‚¢ÿÙª– •ãÃ⁄Ê‹SÕÿÊ FÊÿÈ⁄îÊﬂÊ ºÎ…U∑§‹ÿÊ ﬂÊ ‚¢ÿÙª
ÿÈQ§¬˝Ã⁄—, ÿÕÊ-¬˝∑§ÙDÊSâŸÙ¡ZÉÊÊSâŸÙ‡ø Ÿ‹∑§ÿÙ— ¬⁄S¬⁄‚ãœÊŸ – •ãÃ⁄Ê‹SÕ Ÿ ÃM§áÊÊÁSÕøR § áÊ ‚¡ÊÃËÿÊŸÊ¢
ºÎ…U‚ãœÊŸ ÃÈ ºÎ…U¬˝Ã⁄— ÿÕÊ-¬ÎDﬂ¢≥Ê ¬⁄S¬⁄¢ ∑§≥ÊM§∑§ÊáÊÊ◊˜–
ªáÊŸÊÕ ‚Ÿ

In the opinion of Bhavmishra similar
classification is seen but the only difference of
opinion is regarding the nomenclature. He mentioned

Because of presence of vyavadhana
(obstruction) of sleshmadhara kala this chala
(movable) pratara sandhi are of Chalapratara. As in

2. Ishatchala. (Slightly movable)
Rachananusara Sandhi Vargeekarana (Based
on structure)
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bones together. Structurally, joints are classified
as one of the following types:

kurchasthiof palm and foot (intercarple and
intertarsal joints). Because of presence of mansarajju'
or druda kala' in the joint make the pratara sandhias
yuktaprataraas in radio-ulnar and tibio-fibular joints)

l Fibrous joints.
l Cartilaginous joints.

Since there is presence of tarunasthi chakra
in between joint of two similar types of bones which
makes the joint -Druda (strong), it became
DrudaPratara sandhi, like the joints present in
between vertebrae or intervertebral joints.

l Synovial joints.
The vertebral column
The vertebral column (spine), extending
from the cranium (skull) to the apex of the coccyx,
forms the skeleton of the neck and back and is the
main part of the axial skeleton. The vertebrae and
IV discs collectively make up the vertebral column.

In the Samhitas there is not more description
of Prushtavansha (vertebral column), and also there
is no description of the anatomy of vertebrae and
vertebral column.

In the adult it is 72-75 cm long, of which
approximately one quarter is formed by the IV discs
that separate and bind the vertebrae together. The
adult vertebral column typically consists of 33
vertebrae arranged in five regions: 7 cervical, 12
thoracic, 5 lumbar, 5 sacral, and 4 coccygeal.
Significant motion occurs only between the 25
superior vertebrae. Of the 9 inferior vertebrae, the
5 sacral vertebrae are fused in adults to form the
sacrum, and after approximately age 30, the 4
coccygeal vertebrae fuse to form the coccyx.

Since there is very less description of
prushtavansha in the samhitas, diseases related to
it are not described directly. Vatadosha and
asthidhatu are inter-related with each other as
aashryashryi-sambhanda. So the factors causing
vataprokopa leads to asthidhatukshaya and viceversa. Aggravated vatadosha hampers the normalcy
of body and can produce vata specific disease known
as Vatavyadhis.
Modern Review
Functionally, joints are classified as one of
the following types:10
l

Synarthrosis: An immovable joint. The plural
is synarthroses. A synarthrosis may be one of
three
types:
suture,
gomphosis
and
synchondrosis.

l

Amphiarthrosis: A slightly movable joint. The
plural is amphiarthroses. These may be of two
types: syndesmosis and symphysis

l

Diarthrosis: A freely movable joint. The plural
is diarthroses. All diarthroses are synovial joints.
They have a variety of shapes and permit several
different types of movements.

The vertebrae gradually become larger as the
vertebral column descends to the sacrum and then
become progressively smaller toward the apex of the
coccyx. These structural differences are related to
the fact that the successive vertebrae bear increasing
amounts of the body’s weight. The vertebrae reach
maximum size immediately superior to the sacrum,
which transfers the weight to the pelvic girdle at the
sacro-iliac joints.
The vertebral column is flexible because it
consists of many vertebrae joined together by semirigid intervertebral (IV) discs. The 25 cervical,
thoracic, lumbar, and first sacral vertebrae also
articulate at synovial zygapophysial joints, which
facilitate and control the vertebral column’s
flexibility. Although the movement between two
adjacent vertebrae is small, in aggregate the
vertebrae and IV discs uniting them form a
remarkably flexible yet rigid column that protects
the spinal cord they surround.

Joints are classified structurally, based on
their anatomical characteristics, and functionally,
based on the type of movement they permit.
The structural classification of joints is based
on two criteria:
(1) The presence or absence of a space between the
articulating bones, called a synovial cavity, and

Main Function of the vertebral column:
l

(2) The type of connective tissue that binds the

Protects the spinal cord and spinal nerves.
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Two symphyses (one above and one below). Each
symphysis includes an intervertebral disc.

l

Supports the weight of the body superior to the
level of the pelvis.

l

l

Provides a partly rigid and flexible axis for the
body and an extended base on which the head is
placed and pivots.

Movements of Vertebral Column

l

The range of movement of the vertebral
column varies according to the region and the
individual. The mobility of the column results
primarily from the compressibility and elasticity of
the IV discs.

Plays an important role in posture and
locomotion (the movement from one place to
another).

Structure of Vertebrae:
Vertebrae vary in size and other
characteristics from one region of the vertebral
column to another, and to a lesser degree within
each region; however, their basic structure is the
same. A typical vertebra consists of a vertebral
body, a vertebral arch, and seven processes.

The range of movement of the vertebral
column is limited by the:

The vertebral column consists of
vertebrae. They are divided into five groups

u Tension of the joint capsules of the above joints.

u Thickness, elasticity, and compressibility of the
IV discs.
u Shape and orientation of the zygapophysial
joints.

33

2. Thoracic vertebrae

u Resistance of the back muscles and ligaments
(such as the ligamentumflava and the posterior
longitudinal ligament).

3. Lumbar vertebrae

u Attachment to the thoracic (rib) cage.

4. Sacrum

u Bulk of the surrounding tissues.

1.

Cervical vertebrae

5. Coccyx

The following movements of the vertebral
column are possible: flexion, extension, lateral
flexion and rotation.

Each of the 33 vertebrae is unique. However,
most of the vertebrae demonstrate characteristic
features identifying them as belonging to one of the
five regions of the vertebral column (e.g., vertebrae
having foramina in their transverse processes are
cervical vertebrae). Regional variations in the size
and shape of the vertebral canal accommodate the
varying thickness of the spinal cord.

Curvatures of Vertebral Column
The vertebral column in adults has four
curvatures that occur in the cervical, thoracic,
lumbar, and sacral regions.
Cervical: posterior concavity;

Joints of Vertebral Column- The joints of the
vertebral column include the:
l

Thoracic: posterior convexity;

The joints between vertebrae –

Lumber: posterior concavity; and

o

symphyses between vertebral bodies

Sacral: posterior convexity.

o

synovial joints between articular processes

l

Craniovertebral (atlanto-axial and atlantooccipital) joints.

l

Costovertebral joints.

l

Sacroiliac joints.

The thoracic and sacral convexities are
primary curvatures that develop during the foetal
period in relationship to the (flexed) foetal position.
The cervical and lumbar concavities are secondary
curvatures that result from extension from the flexed
foetal position. The curvatures of the vertebral
column provide additional flexibility (shockabsorbing resilience), further augmenting that
provided by the IV discs, and also extra load bearing
capacity.

A typical vertebra has a total of six joints
with adjacent vertebrae:
l

Four synovial joints (two above and two below)
and
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into the vertebral veins of the neck and the segmental
veins of the trunk.

Abnormal Curves of the Vertebral Column
An abnormal curvature of vertebral column
includes Kyphosis, Lordosis and Scoliosis. Abnormal
curvatures in some people result from developmental
anomalies; in others, the curvatures result from
pathological processes. The most prevalent
metabolic disease of bone occurring in the elderly,
especially in women, is osteoporosis (atrophy of
skeletal tissue).

Nerves of vertebral column
Zygapophysial joints are innervated by
medial branches of adjacent posterior rami;
(recurrent) meningeal branches of spinal nerves
supply most bone (periosteal), IV discs, and
ligaments as well as the meninges (coverings) of the
spinal cord. These two (groups of) nerves convey all
localized pain from the vertebral column.

Kyphosis is an exaggeration in the sagittal
curvature present in the thoracic part of the
vertebral column. It can be caused by muscular
weakness or by structural changes in the vertebral
bodies or by intervertebral discs. In sickly
adolescents, for example, where the muscle tone is
poor, long hours of study or work over a low desk
can lead to a gently curved kyphosis of the upper
thoracic region. Crush fractures or tuberculosis
destruction of the vertebral bodies leads to acute
angular kyphosis of the vertebral column. In the
aged, osteoporosis (abnormal rarefaction of bone)
and/or degeneration of the intervertebral discs leads
to senile kyphosis, involving the cervical, thoracic,
and lumbar regions of the column.

Back Pain
Ayurvedic review
Katisoola
It is one of the nanatmaja vatavyadhi.11 It is
a disease affecting the Kati Pradesha.
Hetu 12,13
A longstanding and sitting posture, excessive
locomotion, day sleep and a long confinement to bed
would aggravate the vatadosha.
Vataget aggravated from consuming foods
which are bitter or astringent in taste, also by
alpa(less quantity), ruksha(dry) and taking food at
unusual time, suppression and premature initiation
of the urges, keeping awake at nights, speaking in high
pitch for a long time, effect of therapies in excess,
fear, grief and worry, excess of physical activities
and sexual intercourse, during summer, terminal
part of the day, night and food etc.

Lordosis is an exaggeration in the sagittal
curvature present in the lumbar region. Lordosis
may be caused by an increase in the weight of the
abdominal contents, as with the gravid uterus or a
large ovarian tumour, or it may be caused by disease
of the vertebral column such as spondylolisthesis.
The possibility that it is a postural compensation for
a kyphosis in the thoracic region or a disease of the
hip joint (congenital dislocation) must not be
overlooked.

Poorvarupa 14
Indistinct manifestation of the signs and
symptoms of these ailments constitute their
poorvarupas.

Scoliosis is a lateral deviation of the
vertebral column. This is most commonly found in
the thoracic region and may be caused by muscular
or vertebral defects. Paralysis of muscles caused by
poliomyelitis can cause severe scoliosis. The
presence of a congenital hemi vertebra can cause
scoliosis. Often scoliosis is compensatory and may be
caused by a short leg or hip disease.

Rupa15
l

Aggravation of vayugives rise to the following
signs and symptoms.

l

Contraction, stiffness of joints and pain in the
bones as well as joints.

l

Horripulation, delirium and spasticity of hands,
back and head.

Vasculatures of vertebral column:

l

Spinal branches of the major cervical and
segmental arteries supply the vertebral column.
Internal and external vertebral venous plexuses
collect blood from the vertebrae and drain, in turn,

Lameness of hands and feet and hunchback and
atrophy of limbs and insomnia.

l

Destruction of foetus, semen and menses.

l

Twitching sensation and numbness in the body.
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l

Shrinking of the head, nose, eyes, clavicular
region and neck.

a result of certain conditions in the lower back,
including:

l

Splitting pain, pricking pain, excruciating pain,
convulsion, unconsciousness and prostrartion.

l

Lumbar herniated disc. The inner core of the disc
may lead out and irritate a nearby nerve root,
causing sciatica (leg pain).

l

Lumbar spinal stenosis. The spinal canal narrows
due to degeneration, which can put pressure on
the nerve root and cause sciatica.

l

Degenerative disc disease. As the disc
degenerates it can allow small amounts of motion
in that segment of the spine and irritate a nerve
root and cause sciatica.

l

Isthmic spondylolisthesis. A small stress fracture
allows one vertebra to slip forward on another,
usually at the bottom of the spine. This can pinch
the nerve, causing lower back pain and leg pain.

This aggravation of vayuproduces specific
diseases. When this
lakshanasget distinctly
manifested, they are called rupa. Diminution
(laghuta) of the signs and symptoms indicate that
diseases are going to be cured.
Samprapti

16

Aggravated vatadosha causes depletion of
tissues. Vatadosha then fills up the empty channels
and moves greatly inside them or by getting
enveloped by the other doshas which have filled up
the channels. The aggravated vata, by filling up the
channels of circulation which are empty have
become weak, produces different kinds of ailments
affecting the whole body or a part thereof. Here it
takes the shelter in kati region and produce
Katishoola.

•l Osteoarthritis. Degeneration of the small facet
joints in the back of the spine can cause back
pain and decreased flexibility. May also lead to
spinal stenosis and nerve pinching.

Modern review

It is important to know the underlying
condition that is causing the low back pain, as
treatments will often differ depending on the causes
of back pain

The back and spine are designed to provide
a great deal of strength, protecting the highly
sensitive spinal cord and nerve roots, yet flexible,
providing for mobility in all directions.

Other causes of neck and back pain includes

However, there are many different parts of
the spine that can produce back pain, such as
irritation to the large nerve roots that run down the
legs and arms, irritation to small nerves inside the
spine, strains to the large back muscles, as well as
any injury to the disc, bones, joints or ligaments in
the spine. Acute back pain comes on suddenly and
usually lasts from a few days to a few weeks. Chronic
back pain is typically described as lasting for more
than three months.

Cervical spondylosis
Cervical spondylosis is a common
degenerative condition of the cervical spine. It is
most likely caused by age-related changes in the
intervertebral disks. Clinically, several syndromes,
both overlapping and distinct, are seen. These
include neck and shoulder pain, suboccipital pain
and headache, radicular symptoms, and cervical
spondylotic myelopathy (CSM). As disk degeneration
occurs, mechanical stresses result in osteophytic
bars, which form along the ventral aspect of the
spinal canal

Causes of Back Pain
Typically, younger individuals (30 to 60 year
olds) are more likely to experience back pain from
the disc space itself (e.g. lumbar disc herniation or
degenerative disc disease). Older adults (e.g. over 60)
are more likely to suffer from pain related to joint
degeneration (e.g. osteoarthritis, spinal stenosis).

Ankylosing spondylitis
Also known as Rheumatoid spondylitis;
Spondylitis; Spondylarthropathy.
Ankylosing spondylitis is a long-term disease
that causes inflammation of the joints between the
spinal bones, and the joints between the spine and

In some instances, a patient may experience
more noticeable leg pain as opposed to back pain as
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atrophy (muscle wasting), and subsequent
weakening, which in turn causes more back pain
because the muscles of the back are less able to help
hold up the spine.

pelvis. It eventually causes the affected spinal bones
to join together.
Back Muscles and Back Pain
Extensor, Flexor and Oblique Muscles and
Back Pain

Chronic stress can also lead to muscle
weakness and back pain. Stress causes back muscles
to tighten in a fight or flight response, depriving
muscles of energy needed to support the spine.

Three types of back muscles that help the
spine function are extensors, flexors and oblique.
l

Another key structure in low back pain is the
hamstring muscles, the large muscles in the back of
the thighs. Patients with tight hamstrings tend to
develop low back pain, and those with lower back
pain tend to develop tight hamstrings.

The extensor muscles are attached to the
posterior (back) of the spine and enable standing
and lifting objects. These muscles include the
large paired muscles in the lower back (erector
spinae), which help hold up the spine, and gluteal
muscles.

l

The flexor muscles are attached to the anterior
(front) of the spine (which includes the
abdominal muscles) and enable flexing, bending
forward, lifting and arching the lower back.

l

The oblique muscles are attached to the sides of
the spine and help rotate the spine and maintain
proper posture.

The theory is that tight hamstrings limit
motion in the pelvis, so the motion gets transferred
to the bottom lumbar motion segments and increases
the stress in the low back. Rehabilitation focuses on
strengthening the muscles and stretching the
hamstring muscles.
Relationship among Muscles, Posture and
Low Back Pain
Muscle strength and flexibility are essential
to maintaining the neutral spine position. Weak
abdominal muscles cause hip flexor muscles to
tighten causing an increase in the curve of the low
back. An unhealthy posture results when the curve
is overextended called lordosis or swayback. Proper
posture corrects muscle imbalances that can lead to
low back pain by evenly distributing weight
throughout the spine.

Lower Back Pain Exercises
Back muscles—like any other muscle in the
body—require adequate exercise to maintain strength
and tone. While muscles like the gluteal (in the
thighs) are used any time we walk or climb a step,
deep back muscles and abdominal muscles are
usually left inactive and unconditioned. Unless
muscles are specifically exercised, back muscles and
abdominal muscles tend to weaken with age.

Discussion

Physical therapy and back exercises to treat
back pain in the lower spine usually focus on
strengthening the flexor, extensor and oblique
muscles to help reinforce support of the spine and
in turn, reducing low back pain and sometimes
eliminating the need for surgery.

The sandhi has been classified mainly on the
basis of structure and function. The classification of
sandhi and its further subdivision has been done
based on structures which are seen in between the
two bony ends, the type of movement occurring in
joint and the various functions done by the joints.
Functionally the sandhi are of two types

Back Muscles and Lower Back Pain
When the facet joints or certain other
structures in the spine become injured or inflamed,
the large back muscles can spasm and cause low
back pain and marked limitation in motion.

1 . Chestavantaor chala sandhi
2. Sthiraor Achala Sandhi
Chestavanta sandhi means the joints which
are movable.

An episode of lower back pain that lasts for
more than two weeks can lead to muscle weakness
(since using the muscles hurts, the tendency is to
avoid using them). This process leads to disuse

Sthiraor achalasandhi are the joints which
are immovable.
The chestavantasandhi are further classified
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Conclusion

into two types based on their extent of movement
as Bahuchala(Freely movable) and Ishatchala
(Slightly movable).

The concept of sandhis or joints is similar in
both the ayurvedic literature and modern anatomy.
The definition of sandhi given in different ayurvedic
literature is similar to the modern anatomy which
defines it as the site of the union of two or more
bones of the body. The only difference which can be
found is that the ayurvedic literature does not only
define the word sandhi as union of two or more
asthis (bones) but it has been considered as union
of two or more structure. Which can be taken as
broad meaning of sandhi, but for the purpose of
enumerating joints the meaning is taken as asthi
sandhi.

Based on the structure AacharyaSushruta
had described eight types of sandhi. They are Kora,
Ulukhala, Samudga, Pratara, Tunnasevani,
Vayasatunda, Mandala and Shankhavarta.
Similar classification of joints can be also
found in modern science though there is slight
difference in description. But the classification given
in samhitasholds good in modern parameters also.
According to modern science the joints are classified
on basis of structure present in articulation which
form the joints and also by variations in structure
that make different kinds of movement possible in
the joint. Like fibrous (or immovable) joints,
cartilagenous joints, synovial joints and their sub
types.

Aacharya Sushruta has given detailed
description of joints with their types and distribution
in the body. Later various commentators have given
detailed description of joints along with the type of
movement in them and also have given emphasis on
the importance of joint.

The similarity in description of pratara
sandhi can be found to that of gliding type of joint
as per modern science. A gliding joint is a synovial
joint in which the bony surfaces that the joint holds
together are flat or only slightly rounded. This type
of joint allows for gliding movements between flat
surfaces as the surfaces slide over one another. Such
types of joints are found between the carpal bones,
the joints between the tarsal bones and those
between the articular processes (zygapophyses) of
successive vertebrae.

Regarding the importance of sandhis or
joints both the ayurvedic and modern literature has
explained in detail about their importance for
dharan (holding) of body, for the movement and
locomotion of body etc.
After studying the
pratarasandhis of
prushtavansha in can be concluded that the
pratarasandhis are similar to the gliding type of
joints explained in the modern anatomy. The
structures, type of movement of the pratarasandhis
are similar to that of gliding joints.

In the samhitas there is not more description
of Prushtavansha (vertebral column), and also there
is no description of the anatomy of vertebrae and
vertebral column. In bruhatatrayi as well as
laghutrayee the description of prushtavansha and
kasherukas and their anatomy is not found.

Diseases like kati shoola, grudrasi etc can be
considered as the diseases of prushtavnsha because
in the basic
samprapti
of these diseases
prushatavansha and
pratarasandhis or the
intervertebral joints are involved up to certain
extent.

Since is there is very less description of
prushtavansha(vertebral column) and kasherukas
(vertebrae) in samhitas, we cannot found description
of the diseases affecting prushtavansha. But as it is
mentioned that Vatadoshaand asthidhatuare interrelated with each other as aashryashryi sambhanda,
so the factors causing
vataprokopaleads to
asthidhatukshayaand vice-versa. The diseases of
vatadosharelated to vertebral column region or
back, neck region can be taken as diseases of
prushtavansha. So the diseases like sandhigatavata,
katishoola, grudrasietc. can be considered while
describing diseases of prushtavansha.
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Case Report
Ulcerative Colitis: A Case Report
*Dr. Om Prakash Dadhich, **Dr.Pankaj Kothari, ***Dr. Hemraj Meena,
Abstract
A bowel disease that is characterized by inflammation and ulcer formation in the lining of colon (large
intestine) is known as Ulcerative Colitis (UC). Very first symptoms of UC are abdominal cramping and pain,
a sensation of urgent need to have a bowel movement (defecate), blood, mucous and pus in the stools. The
most common affected area is the sigmoid colon and rectum but it can affect the entire colon. It’s a chronic
idiopathic disease, still no satisfactory treatment available. According to Ayurveda on the basis of major
sign & symptoms of UC, can be co-relate with Grahani Roga and Raktatisara. A diagnosed case of UC
discussed here. In this case study patient was administered Nirgundi Ghrita orally daily, and Madhuyashti
Tailam Anuvasana Basti and Shalmali Patra Pichcha Basti alternately. This Ayurvedic formulation showed
highly significant result.
Keyword: Ulcerative colitis, Raktatisara, Grahani Roga, Nirgundi Ghrita, Madhuyashti Tailam Matra Basti,
Shalmali Patra Pichcha Basti.

‚Ê⁄Ê¢≥Ê
ﬂÎ„ŒãòÊ ﬂ˝áÊ ‡ÊÊÕ •Ê„Ê⁄ŸÊ‹ªÃ ⁄Ùª „Ò Á¡‚◊ ©Œ⁄U ◊¥ ﬂÎ„ŒãòÊ ∑§Ë ∑§‹Ê ◊¥ ‡ÊÊÕ •ÊÒ⁄ ﬂ˝áÊ „Ù ¡ÊÃÊ „Ò– ß‚ √ÿÊÁœ
◊¥ ¬˝Õ◊ÃÿÊ ©Œ⁄U ◊¥ ∞¥∆Ÿ •ÊÒ⁄ ‡ÊÍ‹ ∑§ ‚ÊÕ ‚ÊÕ Ãà∑§Ê‹ ◊‹ àÿÊª (≥Êıø) ∑§Ë ¬˝ﬂÎÁûÊ „ÙÃË „Ò ∞ﬂ¢ ◊‹ ◊¥ ⁄Q§, ‡‹c◊Ê
•ÊÒ⁄ ¬Íÿ ∑§Ë ©¬ÁSÕÁÃ „ÙÃË „Ò– ‚Ê◊ÊãÿÃÿÊ ß‚ √ÿÊÁœ ◊¥ •ﬂª˝„ ’Î„ºÊãG •ÊÒ⁄ ◊‹Ê≥Êÿ ¬˝÷ÊÁﬂÃ „ÙÃ „Ò ‹Á∑§Ÿ ÿ„ ¬Í⁄
’Î„ºÊãG ∑§Ù ÷Ë Áﬂ∑Î§Ã ∑§⁄ ‚∑§ÃË „Ò¥– ß‚ √ÿÊÁœ ∑§Ê ÁŸºÊŸ •ôÊÊÃ „Ò ∞ﬂ¢ •÷Ë Ã∑§ ∑§Ùß¸ ‚¢ÃÙ·¡Ÿ∑§ ©¬øÊ⁄ ©¬‹éœ Ÿ„Ë
„Ò– ß‚ √ÿÊÁœ ∑§Ù ¬˝◊Èπ ‹ˇÊáÊÙ¥ ◊¥ ‚◊ÊŸÃÊ ∑§ •ÊœÊ⁄ ¬⁄ •ÊÿÈﬂ¸º ◊ÃÊŸÈ‚Ê⁄ ª˝„áÊË ⁄Ùª ∞ﬂ¢ ⁄Q§ÊÁÃ‚Ê⁄ ◊ÊŸÊ ¡Ê ‚∑§ÃÊ „Ò–
ÿ„Ê° ¬⁄ ﬂÎ„ŒãòÊ ﬂ˝áÊ ‡ÊÊÕ ∑§Ë •ÊÿÈﬂ¸ºËÿ ÁøÁ∑§à‚∑§Ëÿ √ÿﬂSÕÊ ¬⁄ øøÊ¸ ∑§Ë ¡Ê ⁄„Ë „Ò– ß‚◊¥ ⁄ÙªË ∑§Ù ÁŸªÈ¸«UË ÉÊÎÃ ∑§Ë 10
∞◊∞‹ ◊ÊGÊ ¬˝ÊÃ— ‚Êÿ¥∑§Ê‹ ∑§ ‚◊ÿ ◊Èπ ◊Êª¸ ‚ ÷Ù¡Ÿ ∑§ ¬Íﬂ¸ Áº‹Êß¸ ªß¸ ‚ÊÕ „Ë ◊œÈÿCË Ã‹ ’SÃË ∞◊. ∞ﬂ¢ ≥ÊÊÀ◊‹Ë¬G
Á¬ë¿UÊ’SÃË 40 ∞◊.∞‹. ∞∑§ÊãÃ⁄M§¬ ‚ ¬˝ÁÃÁºŸ ÷Ù¡Ÿ ∑§ ’Êº ºË ªß¸– ÿ„ •ÊÿÈﬂ¸Áº∑§ ÁøÁ∑§à‚Ê √ÿﬂSÕÊ •àÿÁœ∑§ ‚»§‹
Á‚h „Èß¸–
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Introduction

Case Report

Ulcerative colitis is an inflammatory bowel
disease (IBD), characterized by the inflammation and
ulcerative aberration in the wall of the large intestine.
[1]
The most common affected area is the sigmoid
colon and rectum but it can affect the entire colon.
Ulcerative colitis can happen at any age but is
usually seen in the age group of 15 to 30 years, and
occurs equally in men and women. The
malfunctioning and abnormal response of the
immune system of the body is one of the primary
causes resulting in the origination of ulcerative
colitis. However the exact cause of ulcerative colitis
is still unknown but it is believed that Infection, food
allergies, emotional factors and also some physical
activities tend to aggravate the disease remarkably.

A clinically diagnosed 10 years old Hindu
unmarried male patient (Registration no
40814122014) residing in Jaipur, present in Outdoor
wing of Kriya Sharir Arogyashala, National Institute
of Ayurveda, Jaipur on 14 Dec 2015 with chief
complaint of Bleeding per rectum after defecation,
mild burning sensation during defecation and sudden
onset of abdominal pain since 2 month.
Patient was clinically diagnosed since
November 2014 and taking treatment from different
Allopathic Hospitals but not found much relief. All
above mentioned symptoms were gradually
increased. On the basis of sign and symptoms patient
was diagnosed as Grahani Roga along with
Raktatisara according to Ayurvedic view.

The signs and symptoms of Ulcerative colitis
may vary, depending upon the location and the
severity of the inflammation. Some of the common
symptoms are: [2]
l

Abdominal cramping and pain,

l

Urgency to defecate,

l

Blood, mucous and pus in the stools.

l

Fever some times,

l

Occasional Rectal Pain

l

Unexplained fatigue,

l

Weight loss and children fails to grow.

General & Systemic Examination
On examination of patient mild pallor was
present and its vitals were within normal limit.
Sleeping pattern was normal, appetite was markly
diminished, altered bowel habit i.e. 3-4 frequency
per day with soft consistency of stool with blood and
mucus at the end of defecation. No abnormality
detected in CVS, RS, CNS. Mild tenderness present in
P/A examination. On examination of per rectum by
Proctoscopy findings were sphincter tone normal,
Rectal mucosa congested, inflamed with very small
areas of ulcerations of mucus membranes seen.
There is no any H/o mass /rectum prolapse and
constipation.

According to Ayurveda it’s a disease of
Mahasrota in which symptoms of Ulcerative colitis
i.e. urgency to solid or liquid defecate, weight loss,
fever, swelling on extremities etc symptoms are
quietly similar to Grahani Roga[3] while blood mixed
with stool, foul smelling, pain in abdomen, burning
sensation in the rectum and excessive thirst etc
symptoms are quietly similar to Raktatisara[4] so we
can treat UC patient on the line of Grahani and
Raktatisara.

Investigation Finding
Hematological report reveals that Hb% 10.4gm%, ESR 42mm/hr, TLC DLC and other
Hematological parameters were normal. Ova/cyst/
bacteria was absent in stool examination and occult
blood was positive. Colonoscopy report (till terminal
ileum) shows multiple small discrete ulcers with
Erythematous
Intervening
Mucosa
and
Histopathologic report shows H.Pylori associated
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chronic gastritis with mild activity in Antral section;
Non specific Acute Duodenitis, Right Colon,
Transverse colon, Rectosigmoid section shows long
standing infection or Early ulcerative colitis.

Sharira-Manas Bala of patient, we planned Nirgundi
Ghritpana (10 ml)[5] twice a day with Luke warm milk
before meal, and Madhuyashti Tailam Matra
Basti (40 ml)[6] and Shalmali Patra Pichcha
Basti (40 ml)[7] on alternate day after meal for 30
days. Internal medicine was given after 30 days
continuously for 2 month as follow:-

Treatment Plan
According to course of the disease and
involvement of Pitta Dosha, Mahasrota Dushti and
1.

Sutshekhara rasa

125 mg

Mukta pishti

125 mg

Prawalpanchamrita

125 mg

1 x 2 Matra with 1 tsf Kushmanda Avaleha After meal
2.

Patoladi Kashaya

10 ml BD After meal

Results: Patient is completely symptoms free and containing oral medicines till date.
4. In Pichchabasti drugs used are Shalmali[12] which
is Snigdha and Pichchila so, it protects ulcer
from irritations and giving ulcer sufficient time
to heal by forming protecting layer over the
colonic surface. Stambhaka, Grahi, Shothahara
property so helpful to stop diarrhea and rectal
bleeding. There is no side effects seen during
whole course of treatment.

Discussion:
1 . Ulcerative Colitis is primarily a disease of Agni
with varying degrees of Dosha involvement. The
excessive consumption of Pitta aggravating foods
and lifestyle initially disturbed digestion of food,
and leading to formation of Ama that gets
deposited between the villi in the intestines,
forming a smooth coating that impairs the
normal function and immunity of the intestines.
Vata Dosha in the lower colon is also aggravated
and in the early stages blocks the Pitta and
Kapha channels, causing inflammation, mucous
accumulation and edema, that’s why ulceration
and bleeding per rectum are found.[8]

Conclusion: From above discussion it can
be concluded that, Ayurvedic treatment is very
successful in the management of Ulcerative Colitis.
It is easily adoptable in routine practice. This is safe,
cost effective and having no side effects.
Reference
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Literary Review

An Etiopathological Study of Vyana Bala Vaishamya w.s.r. to
Hypertension
*Dr. Preeti, ***B. K. Sevatkar, ****Dr. S.K. Sharma, *****Dr. Talekar Manisha
Abstract:
High BP or hypertension is reported as the third ranked factor for disability adjusted life years. HTN
is one of the primary risk factors for heart diseases and stroke, the leading cause of death worldwide. In
Ayurveda, there is no any definite word corresponding to hypertension. However, all the manifestations of
hypertension have been described in various chapters. Many scholars have tried to suggest some appropriate
names to hypertension on the basis of their research and pathogenesis of the disease like Dhamani Pratichaya,
Uccharaktachapa, Siragata Vata, Raktagata Vata, Avritta Vata Roga, Rakta Sampeedana etc. On objecting
the symptomatology and etiopathogenesis of the disease to Ayurvedic fundamentals, it is evident that Vata
Dosha, especially Vyana Vata for its hyperactivity, helped by other two Doshas, is responsible for the disease
hypertension and hence is named as Vyana Bala Vaishamya with Rasa Rakta as Dushya. Present study is a
humble attempt to study the disease from Ayurvedic point of view and to give the disease an Ayurvedic
entity as named as Vyana Bala Vaishamya.
Keywords: hypertension; rasa; rakta; vyana Bala vaishamya

‚Ê⁄Ê¢‡Ê
©ìÊ ⁄ÄÃøÊ¬ ¡ËﬂŸ ◊¥ •¬XÃÊ ©à¬ÛÊ ∑§⁄UŸ ﬂÊ‹Ê ÃË‚⁄Ê ’«∏Ê ∑§Ê⁄áÊ ◊ÊŸÊ ªÊÿÊ „Ò– ÿ„ Nºÿ⁄UÊª ÿÈQ§ √ÿÁÄÃÿÊ¥ ∑§Ê
∞∑§ ¬˝◊Èπ ∑§Ê⁄áÊ „Ò, Á¡‚‚ Áﬂ‡ﬂ÷⁄ ◊¥ ‚’‚ ÖÿÊºÊ ◊ÎàÿÈ „ÙÃË „Ò– •ÊÿÈﬂ¸º ◊¥ ©ìÊ ⁄ÄÃøÊ¬ ∑§ Á∂∞ ∑§Ùß¸ ÁŸœÊ¸Á⁄Ã ŸÊ◊
Ÿ„Ë¥ ÁºÿÊ ªÿÊ, ¬⁄ãÃÈ Á»§⁄ ÷Ë ÁﬂÁ÷ãŸ •äÿÊÿÊ¥ ◊¥ ß‚∑§Ê •¬˝àÿˇÊ ﬂáÊ¸Ÿ Á◊∂ÃÊ „Ò– ÁﬂÁ÷ãŸ •äÿÃÊ•Ù¥ Ÿ •¬Ÿ ‡ÊÙœ ﬂ
√ÿÊÁœ ∑§Ë ‚ê¬˝ÊÁåÃ ∑§ •ÊœÊ⁄ ¬⁄ ß‚∑§ œ◊ŸË ¬Á⁄U¬ÍáÊ¸ÃÊ, ©ìÊ ⁄ÄÃøÊ¬, Á‚⁄ÊªÃºÊÃ, ⁄ÄÃªÃ ﬂÊÃ, •ÊﬂÎ¸Ã ﬂÊÃ ⁄Ùª, ⁄ÄÃ
‚ê¬Ë«UŸ ¡Ò‚ •Ÿ∑§ ŸÊ◊ Áºÿ „Ò– ¬˝SÃÈÃ •äÿÿŸ ◊¥ √ÿÊÁœ ∑§Ë •ÊÿÈﬂ¸Áº∑§ ‚ê¬˝ÊÁ# ∑§Ù ºπÃ „Èÿ ÿ„ ÁŸœÊ¸Á⁄Ã „ÙÃÊ „Ò Á∑§
©ìÊ ⁄ÄÃøÊ¬ ⁄‚ ﬂ ⁄ÄÃ ºÍcÿ ∑§ ‚ÊÕ ﬂÊÃ ºÙ·, ◊ÈÅÿÃ— √ÿÊŸ ﬂÊÿÈ ∑§ ∑§Ê⁄áÊ „ÙŸ ﬂÊ∂Ë √ÿÊÁœ „Ò Á¡‚◊¥ •ãÿ ºÙ· ÷Ë
‚„ÿÙªË „ÙÃ „Ò– •Ã— ¬˝SÃÈÃ •äÿÿŸ ◊¥ ©ëø ⁄ÄÃøÊ¬ √ÿÊÁœ ∑§Ù √ÿÊŸ ’∂ ﬂÒ·êÿ ŸÊ◊ º∑§⁄ •äÿGË Ÿ ©ìÊ ⁄ÄÃøÊ¬ ∑§Ù
∞∑§ •ÊÿÈﬂ¸Áº∑§ ŸÊ◊ ﬂ ¬„øÊŸ ºŸ ∑§Ê ∞∑§ ÁﬂŸ◊˝ ¬˝ÿ% Á∑§ÿÊ „Ò–
*P.G.Scholar, Dept. of Roga Nidana Evam Viktiti Vigyana, NIA, Jaipur. **P.G. Scholar, Dept. of Balaroga, NIA, Jaipur.
***Assistant Professor, Dept. of Roga Nidana Evam Viktiti Vigyana, NIA, Jaipur. ****Associate Professor, Dept. of
Roga Nidana Evam Viktiti Vigyana, NIA, Jaipur. *****P.G. Scholar, Dept. of Roga Nidana Evam Viktiti
Vigyana,
NIA, Jaipur.
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Introduction:

be able to produce any disease. Hence, hyper
function of Vyana Vata is considered under Vyana
Bala Vaishamya which produces increased force in
the wall of the channels (blood vessels) to produce
the disease ‘Hypertension’. Keeping all these in mind,
present study is designed to study the
etiopathological factors leading to Vyana Bala
Vaishamya w.s.r. to Hypertension.

High BP or Hypertension, as it is called in
contemporary science is the most disturbing ailment
in the modern civilized world. In advanced
countries, it is very common and in developing
countries, it is gradually rising in incidence. People
over 40 years are the usual victims and those who
lead a mechanical life without physical and mental
rest are more prone to fall to prey them. A new
analysis shows that in 2000, more than a quarter of
world’s population was hypertensive – a number
totally nearly one billion – and suggests that by
2025, that number will climb to 29% or about 1.56
billion people worldwide. The present day food
habits and regimens in addition to mental worry and
anxiety are primarily responsible for the ailment.
Staying awake late at night, increase intake of tea,
coffee, tobacco and alcohol, more intake of salt and
suppression of natural urges are the contributing
factors of the disease. In Ayurveda, there is no any
synonym of hypertension but on studying our
Ayurvedic literature, it seems that our Acharyas
were aware of the varying features of hypertension.
Indirect references of hypertension can be seen in
different chapters of
Ayurvedic classics as
Raktagata Vata, Siragata Vata, Pittavritta Vata,
Raktagata Vata, Pranavritta Udana, Dhamani
Paripurnata and Vyana Bala Vaishamya etc.

Aim and objective:
To study the etiopathological factors leading
to Vyana Bala Vaishamya w.s.r. to Hypertension.
Materials and Methods:This article is based on a review of Ayurvedic
texts. Materials related to Vyana Bala concept, and
other relevant topics have been collected. The main
Ayurvedic texts used in this study are Charaka
Samhita, Sushruta Samhita, Astanga Hridaya and
available commentaries on these. We have also
referred to the modern texts and searched various
websites & reports to collect information on the
relevant topics.
Vyana
Bala
Hypertension

Vaishamya

vis-à-vis

Acharyas have mentioned Karma by Vyana
Vayu named as ‘Gati’. ‘Gati’ word may be used to
denote an initiation of a movement, to carry
something along with to reach a particular site,
through any particular pathway leads to occupy at
a particular site. According to Hemadri, ‘Gati’ also
means whole body activities, 3 like walking
(Chakramana) by commentator Arundatta. 4 Hence,
all the activities which are said to perform by Vyana
Vayu; they all are actually included in a single Karma
named as ‘Gati’. The terminologies like – Mahajava,5
Sheeghragati6 and Sheeghrataragati 7 are used to
denote the higher intensity of Gati of Vyana Vayu
as compare to the other Vayus. Location of Vyana

Vyana is a type of Vata which moves all over
the body. Bala here is indicative of the normal Gunas
(properties) and Karma (functions) of Vyana Vayu.
Vaishamya refers to Vikriti or disequilibrium of
Dosha in which they are able to produce the disease.
As mentioned in Charaka Samhita, Vaishamya
means Vridhi or Hrasa, 1 i.e. either increase or
decrease. Therefore, Vyana Bala Vaishamya may
either be considered as increased or decreased
function of Vyana Vayu. But, it is also mentioned
that the decreased Dosha is not able to manifest its
own symptoms. 2 So, the decreased Dosha may not
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attend to functions such as walking, bringing the
body parts downwards, lifting the body parts
upwards, opening and closing of eyes etc, generally
allow the activities concerned with the body.13 Hence,
from all the above discussion,
Vyana Bala
Vaishamya has been correlated with hypertension.

Vayu is said to be in and Sarvadeha8 and Hridaya.9
It is indicative of its Adhisthana i.e seat and its
pathway i.e Pravartana, respectively.
For the maintenance of physiological
functions,
Vata
should be
Avighata
means
continuous without any obstruction. It indicates that
any obstruction to its movement will lead to a
pathological condition. As, Acharya Charaka10 said
that the nutrient fluid is circulated continuously in
the whole body by the Vyana Vayu by virtue of its
physiological factor of spreading. While, being
circulated if the nutrient fluid accumulates at any one
place in the entire body, owing to the morbidity of
the circulatory passage, it causes pathological
changes there just as the rain in the sky. The same
is the case with the humours which becomes the
cause of the local morbid conditions. Since, Rakta is
Achetana, so it circulates all over the body by
Vyana Vayu. In the same way, circulation also has
to run continuously in all the directions all over the
body without any obstruction for proper
maintenance of physiology of the body. Hence, the
Karma ‘Gati’ of Vyana Vayu directly indicates the
blood circulation all over the body. Since,
hypertension is also a circulatory disease, so
vitiation of
Vyana Vayu
may lead to the
hypertension.

Acharya Chakrapani also commented that,
Vyana Vata by its function of ‘Avikrant Vikshipyate`
(continuous transportation), circulates Rasa Dhatu
all over the body.
Hence, we have seen that, Vyana Vata is
responsible for the circulation of Rasa Rakta Dhatu,
any derangement in the Vyana Vata causes
alteration in the circulation of Rasa Rakta Dhatu.
Alteration in the circulation of Rasa Rakta Dhatu
may occur due to the following reasons:
(1) Obstruction of the channels by other Dosha
whenever Vata is in the normal or decreased
state. (Produces the condition of Avritta Vata)
(2) Aggravation of Vyana Vata by indulging Vata
aggravating diet and habits.
(3) Upachaya (accumulation of unwanted materials
like cholesterol) inside the blood vessels reduces
the internal passage of channels and causes
Sankocha of passage.

Acharya Sushruta has mentioned Karma of
Vyana Vayu as ‘Rasa Samvahanodhyat’. 11 Vyana
Vayu courses (acts) through the whole organism and
its functions consist in sending the lymph, chyle
(Rasa) etc. all through the body and in helping the
out flow of blood and perspiration. Five kinds of
muscular movements (expansion, contraction,
upward, downward, sideward movements) are
described to the action of Vyana Vayu, a deranged
condition of which is generally attended with disease
which are not confined to any particular region,
member or organ of body but are found to affect the
whole organism. Here, ‘Rasa Samvahanodhyat’ 12
means ‘blood circulation’ which is done by Vyana
Vayu, deranged condition of which causes disease of
whole body. The same is with the condition
hypertension as the pathology here takes place in
the arteries, which runs all over the body and
through which blood circulates in the body. Acharya
Vagbhata has also said in that Vyana is located in
the heart, moves all over the body in great speed,

All these causes act as barriers for the
movement of Vyana Vayu, altering the circulation
of Rasa Rakta which is done by Vyana Vayu which
ultimately may manifest with the symptoms of
hypertension.
Rasa-Rakta Samvahana
Rasa Dhatu is the first Dhatu to be produced
in the body from Ahara Rasa by Rasadhatvagni. It
passes from intestines into blood vessels and then to
the heart by the action of Samana Vayu. From the
Hridaya, Rasa and Rakta are sent to the lungs for
purification. Here, detoxification is done and again
pure blood is sent to the heart. Then Rasa with
Preenana activity and Rakta with Prana are
circulates throughout the body by the stimulation of
Vyana Vayu. Rasa Dhatu carries essential nutrients
to all the cells, tissues and organs in the body for
their nourishment, growth and development.
Though, Rasa Dhatu is circulated throughout the
body, its main seat is believed to be Hridaya.14 It is
150

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com

Vol.IX No.1 Jan-Mar 2015

Journal of Ayurveda
enunciated the Spandana Guna of Rakta which is the
Karma of Vayu Mahabhuta, specifically Vyana
Vayu. This Karma denotes the function of Chala
Guna and Dalhana has also commented that
Spandana means Kinchit Chalanam.16 If any how this
Chala Guna of Rakta increases (Increased cardiac
output) it becomes one of the patho physiological
factors of EHT and can manifest high blood pressure
along with other pathophysiological factors. Here,
Spandana can be taken as pulsatile movement of
blood through arteries. In Rakta Dushti, Rakta may
get vitiated by any Guna of particular Dosha.
According to Sushruta, if Rakta gets vitiated by
Vata, it manifests the Lakshana ‘Shighra Gama’. In
the same context,
Dalhana has given the
commentary
that
‘Shighragama’
means
‘Ashuprasruti’. All this indicates the increased
cardiac output. Sushruta implies that the Karma of
Vyana Vayu is Praspandana. 17 Thus, it can be
concluded that sympathetic nervous system remains
under the control of Vyana Vayu and alteration in
the physiological conditions of Vyana Vayu can lead
EHT. In modern language, Cardiac output is directly
proportional to Force (Vyana Vayu). Peripheral
resistance is directly proportional to Velocity of
blood (Prakruta Vyana Vata).

very micro in nature circulating in three directions
all over the body i.e. Upward (Urdhvaga), Downward
(Adhoga), transverse (Tiryaga). To describe the
direction of Rasa Dhatu, Sushruta has given
examples of Shabda, Archi and Jala. Thus,
circulation occurs in three directional ways as
Shabdasantana Vata-Tiryagagamitva, Archisantana
Vata - Urdhvagamitvam, Jalasantana Vata Adhogamitvam.
This three directional circulation of Rasa
given by Dalhana, seems to be very logical. From
capillaries Rasa penetrates all the tissues and cells
of the body in molecular form. The fluid from tissues
is brought back to the heart by capillaries and veins.
Ayurvedic literature pays stress on the circulation
of Rasa whose prime function is to supply nutrients
to tissues. Rakta floats in Rasa in the blood vessels
and transports oxygen to tissues. Thus heart pumps
Rakta along with Rasa all over the body.
Thus, Vikshepana Karma (contraction &
relaxation) of the Hridaya also affects the circulation
of Rasa Dhatu. So, when the pathology arises in the
Rasa Dhatu or Hridaya, it directly affects RasaVikshepana Kriya (circulation of Rasa – Rakta) at the
level of entire body, resulting in change of blood
pressure. Moreover, in Ayurvedic texts, overmuch
worrying has been mentioned as direct cause of
Rasavaha Srotodushti. 15 As Hridaya is the root of
Rasavaha Strotasa that affects Hridaya also and
hamper its Rasa Samvahana function. As a result,
fluctuation in the blood pressure takes place.

Sata Kriya Kala in context to Vyana Bala
Vaishamya w.s.r. to Hypertension
Susruta had divided the pathogenesis
(Samprapti) of a disease into 6 different stages. These
are useful to understand the disease process and for
their treatment as well. They are discussed below
with relation to hypertension.

Discussion:
In essential hypertension, mainly Vata
Prakopa occurs, particularly Vyana Vata as it is
responsible for Rasa- Rakta Samvahana. By virtue
of its Ruksha, Sheeta and Khara Guna, Rasa-Rakta
Vahini Dhamanis are constricted; also its Ruksha
Guna dries the Malarupa Kapha at the inner side of
the vessels making them more rigid (Kathina).
Vascular lumen may be reduced further leading to
obstruction in it. So, for normal circulatory function,
increased force of Vyana Vayu is required resulting
into Vyana Bala Vaishamya and hence leading to the
development of hypertension.

(1) Sanchaya - After taking specific
etiological factors, Vata, Pitta and Kapha get vitiated
in their respective places. Vata is repeatedly
elevated by
Chinta, Shoka, Ratrijagaranòa,
Ativyayama etc, Kapha is increased during Visarga
Kala and excessive indulgence of Atiguru-Sheeta
Snigdha Ahara, Avyayama, Divasvapa etc., while
Pitta is raised during Adana Kala and after
Atilavanòa Rasa Sevana etc. It is a sub clinical state,
and usually all cases remains undiagnosed and
untreated.

Acharya Sushruta has described the
Panchabhautikatva of Rakta Dhatu in which he

(2) Prakopa - When the Vata, Pitta and
Kapha are increased in their respective places, they
get easily vitiated by their favorable agents and gave
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the transient symptoms of Dosha Vriddhi. Vata and
Kapha Prakopa occur in winters after exposure to
colds and in the early morning periods, while Vata
and Pitta Prakopa appears in summers. In this stage
usually no features can be recorded except a
sphygmomanometric large fluctuation of BP within
the normal range.

(6) Bhedavastha - If the raised Vyana
Vayu Bala is not descend by treatment till this state,
it will leads to Upadrava (complications), of which,
features will differ in accordance with the target
organ involved. The hypertension is thought to be
more dreadful because it directly harms the
Trimarmas i.e. the Sira, Hrdaya and Basti.

(3) Prasara - When the Vata, Pitta and
Kapha are excessively elevated, they disperse here
and there through Srotasa from their place of
accumulation. In this stage, Prakupita Vata leads the
increased Kapha, Pitta and Rasa Dhatu through
Rasavaha Srotasa to the distant organs, where the
actual and ultimate change of the disease starts. It
is also a preclinical stage of hypertension.

Brain:
Cerebro
vascular
Hypertensive encephalopathy etc.
Heart:
Left ventricular
Ischemic heart disease etc.
Kidney:

accidents,
hypertrophy,

Renal failure etc.

Conclusion:
From the above discussion, it is concluded
that, Vayu is responsible for all types of movements.
Vata is the only Dosha who has the Gati, Vega i.e.,
impressed force which causes the movements. As
circulation is a continuous process going throughout
the life with the specific force and according to the
areas to be nourished as motion (kinetic force) is
always marked by the certain direction. The main
Dosha involved in normal circulation and
consequently in hypertension is the Vyana Vata and
as Rasa Rakta Samvahana is carried out by the
Vyana Vayu, any derangement in the Vyana Vata
causes alteration in the circulation of Rasa Rakta
Dhatu. Hence, we can say that the disease
hypertension in modern is the diseased condition
mainly caused by Vyana Bala Vaishamya.

(4) Sthana Samsraya - During this stage
vitiated Vata, Pitta and Kapha travels through
Rasavaha Srotasa and wherever ‘Khavaigunya’ is
obtained they unite with Sira, along with Rasa Dhatu
(Dosha-Dushya Sammurcchana), and results into
Dhamani Pratichaya 18 and Sira Samkocha. Here
some ill defined clinical features of Siragata Vata are
observed like thick walled and bounding pulse with
constriction and pain in arteries.19 The obstruction
of Rasa Dhatu due to Dhamani Praticaya and Sira
Samkocha in Srotasa leads to increased Vyana Vayu
Bala.
This is the stage of remodeling and
hypertrophy of the endothelial cells of the resistance
vessels (atherosclerosis), leads to hardening of
vessels resulting in to increased peripheral resistance
and hence raises the blood pressure. Important
features of this stage are the features relating to labile
hypertension.
(5) Vyaktavastha - Further aggravation of
Dhamani Pratichaya and Sira Samkocha leads to
deficient supply of Rasa to other Dhatus, and
consequently develops Kleda Vriddhi in vascular
system and impaired Dhatu Poshana (tissue
nutrition). Both of these worked synergistically to
increase the Vyana Vayu Bala directly in addition
to vitiating Kapha and Vata respectively. Raised
Vyana Vayu Bala gives symptoms of Vatika
predominance. Formation of persistent peripheral
resistance leading to established essential
hypertension with all its features like headache,
dizziness, insomnia etc.
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Literary Review

Validation of Retah pareeksha vis-à-vis Semen analysis :
Merging modern tools with Ayurveda principles
*Dr. Sukumar Nandigoudar, **Dr. Anju
Abstract:
Background: Shukra is considered as supreme dhatu and its dushti leads to male infertility and
sexual dysfunction. Retahpareeksha is a tool to understand various Shukra dushti. Semen analysis is one of
the important diagnostic tools in the management of male infertility.
Objectives: To understand and validate retah pareeksha as a standard ayurvedic diagnostic tools
in male infertility.
Material and methods: Charaka and sushruta samhita are the literary resource to assess Shuddha
shukra (healthy) and shukra dushti (morbid semen). The qualities of shuddha and dushta sukra will be
understood and assessed with the help of modern seminal parameters. To assess the parameters of
Retopareeksha modern instruments like Phase contrast microscope, Rohem’s sperm counting chamber, pH
measuring strips, Calibrated pipette etc are used and Eosin stains to examine viability of sperms.
Result: Abnormal physical characteristics of the semen can be understood by the doshic
involvement. Phenila, Tanu, Ruksa represents vataja shukradushti; Vivarna (neela/peeta/ashveta) indicate
pittaja shukradushti; Atyarta picchila denotes Kapha dosha; Putipuya indicate pittakapha involvement and
anyadhatu samsrishti is due to shonitadi dhatu.
Conclusion: Retopareeksha focus on panchendriya pareeksha to assess physical characters and
morbid dosha of semen. Phalavattata, a main character may be attributed to viability, motility, count and
normal morphology of sperms. The sperm endowed with normalcy of all these is able to fertilize the ovum
i.e., Garbhakara. Retah pareeksha with the aid of modern tools gives exact idea about the pathology involved
and thus helps in effective management.
Key words: shukra dushti, Retopareeksha, semen analysis.

‚Ê⁄UÊ¥‡ÊﬂÃ¸◊ÊŸ ¬Á⁄UÁSÕÁÃ ◊¥ ’…UÃ ÁŸ—‚ãÃÊŸÃÊ ∞ﬂ¥ ÿÊÒŸ ŒÈÁc∑§˝§ÿÊ ∑§Ê ŒπÃ „È∞ ⁄UÃ— ¬⁄UËˇÊÊ ∑§Ê ◊„àﬂ •ÊÒ⁄U •Áœ∑§ ’…∏
ªÿÊ „Ò– ø⁄U∑§§∞ﬂ¥ ‚ÈüÊÈÃ ‚¥Á„ÃÊ ◊¥ ﬂÁáÊ¸Ã ‡ÊÈh ∞ﬂ¥ •CÁﬂœ ‡ÊÈ∑˝§ ŒÈÁC ∑§Ê •äÿÿŸ ∞ﬂ¥ •Ê¥∑§‹Ÿ ÿÁŒ Ÿ∞ Ã∑§§ŸËÁ∑§§ ©¬∑§⁄UáÊÊ¥
ÿÕÊ ◊Êß∑˝§ÊS∑§Ê¬ •ŸÊ‹Á‚‚ ßàÿÊÁŒ ∑§Ê ‚Áê◊Á‹Ã ∑§⁄U ∑§ Á∑§ÿÊ ¡Ê∞ ÃÊ ÁŸÁ‡øÃ Á„ ‡ÊÈ∑˝§ ŒÈÁC ∑§Ê ‚◊¤ÊŸ ﬂ ©‚∑§ •ŸÈ‚Ê⁄U
ÁøÁ∑§à‚Ê ∑§Ê •ÊÒ⁄U ÷Ë •Áœ∑§§ ¬˝÷Êﬂ∑§Ê⁄UË ’ŸÊÿÊ ¡Ê ‚∑§ÃÊ „Ò– ¬@ÁãŒ˝ÿ ¬⁄UËˇÊÊ ∑§ •‹ÊﬂÊ ¡Ê ÷Êﬂ •ŸÈ◊ÊŸªêÿ Õ ©Ÿ∑§Ê
ŸﬂËŸ Ã∑§ŸË∑§§ ‚ ¬˝àÿˇÊ •ﬂ‹Ê∑§Ÿ ÁŸÁ‡øÃ Á„ ÁŸŒÊŸ ∞ﬂ¥ ÁøÁ∑§à‚Ê ◊¥ •àÿãÃ •¬ÁˇÊÃ „Ò–

*Assistant Professor, Dept. of Kayachikitsa, KLEU Shri. B.M.K Ayurved Mahavidyalaya, PG Studies & Research Centre,
Belagavi, Karnataka. **PG Scholar, Dept of Swasthavritta, NIA Jaipur

155

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com

Journal of Ayurveda

Vol.IX No.1 Jan-Mar 2015

Literary Review

Validation of Retah pareeksha vis-à-vis Semen analysis :
Merging modern tools with Ayurveda principles
Dr. Sukumar Nandigoudar, Dr. Anju
Introduction:
Methodology:

Ayurveda ancient science of life has realized
ages ago, the need of specialty of reproductive
medicine and entire discipline, known as Vajikarana
which is dedicated to enhance the functionality of
the reproductive organs and vitalize reproductive
tissues. Vajikarana mainly deals with management of
infertility, sexual dysfunctions and measures to
obtain healthy progeny. The main aim of this branch
is Apathya santanakara 1 , to provide fertility for
infertile. Shukra is considered as supreme dhatu and
its dushti leads to male infertility and sexual
dysfunction. Semen analysis is one of the important
diagnostic tools in the management of male
infertility. Retah pareeksha is source to understand
various Shukra dushti by assessing dosha involved
and physical characteristics of retas (semen). Here
is an effort made to prove Retah pareeksha a
standard ayurvedic diagnostic tools of male
infertility.

The qualities of shudha sukra are understood
in comparison with seminal parameters. The
involvement of dosha in sukra dushti will be assessed
and its eight pathologic states are understood with
the help of modern seminal parameters. These
parameters will be compared/merged under various
sukradushti lakshanas to validate retah pareeksha.
Sphatikabha is the quality of shuddha retas
and is true that normal colour of semen is greyish
white. Any deviation from this varna suggests dushti
of shukra dhatu. Normally semen sample should
liquefy within 30 min but semen sample in the form
of coagulum that doesn’t liquefy and settles at the
bottom of water suggests dushti. The semen becomes
frothy by mere shaking the sample in sterile
container. If the bubbles remain without bursting for
longer duration (>5min) phenilata is considered to
be positive. The semen sample that appears thin and
watery indicates tanuta. A standard smear has to be
prepared on a glass slide using a standard semen
drop (20 micro lit) and kept for drying. The sample
which is devoid of snigdhata dries soon on the slide
indicating rukshata. It is observed that increased
alkalinity of semen leads to rukshata. Hence pH>8.5
can be considered as ruksha retodushti. For
microscopic analysis smear is prepared and viewed
under phase contrast microscope to examine count,
viability, morphology, motility of sperm. Presence of
gelatin bodies and non spermatozoal cells like RBC’s,
epithelial cells, PUS cells, amorphous matter etc are
assessed.

Aim:
To validate Retah pareeksha as a standard
ayurvedic diagnostic tools of male infertility w.s.r to
semen analysis.
Objectives:
l

To understand Shukradushti in detail

l

To prove retah pareeksha a standard ayurvedic
diagnostic tools of male infertility

Material and methods:
Charaka and sushruta samhita are mainly
considered as literary resource for the present study
to assess Shuddha shukra2 (normal characteristic
features of semen) and Shukra dushti3 (pathologic
states of semen). To assess the parameters of semen
analysis, modern instruments like Phase contrast
microscope, Rohem’s sperm counting chamber, pH
measuring strips, Calibrated pipette etc are used and
Eosin stains to check viability of sperms.

Assessment criteria:
Semen is assessed for
shukra dushti
4
lakshanas using modern tools. The Seminal
parameters like appearance, liquefaction, color, odor,
Volume, viscosity, pH, microscopic examination for
count, motility, morphology, viability and presence
of round cells (particulate debris) pus cells, RBC,
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WBC, epithelial cells, macrophages etc. and
amorphous matter, agglutination are to be assessed.5

optimum / pure retas are Sphatikabha (crystalline)
/taila-kshoudranibha (transluscent), Drava(liquid),
Madhugandhi(smells like honey),Ghana(dense),
Avidahi (non burning).7

Concept of shukra:
At this juncture various terminologies used
for shukra in different contexts have to be
understood, however they are directing for specific
indication; like
shukradhatu denotes the
reproductive tissue, retas denotes semen; veerya
denotes circulating androgens; while bija indicates
spermatozoa. According to commentator Cakrapani
the term Rupa dravya/bija/prasadamsha of shukra
can be taken to mean the subtle sperm with its
genetic components as it is responsible for the
conception. 6

Comparision of Physical characters of Retas
with seminal parameters:
Sphatikabha and
taila-kshoudranibha
indicates the appearance of semen which is
opalescent/translucent. Quantity of semen is
indicated by
Bahu means more in volume.
Madhugandha/Avisra indicates odour of semen.
Madhura taste of Shukra indicates presence of
fructose in seminal plasma. The term Avidahi i.e.,
not causing burning sensation during ejaculation
indicates alkaline nature of the semen. Drava (liquid)
quality shukra indicates liquefaction of semen. The
characters like Snigdha (unctuous) Ghana (dense)
and Bahala (thick) denotes consistency of semen and
the term Picchilata indicates viscosity. (Table 1)

Optimum qualities of shukra: The
physical characteristics of phalavati (garbhotpadana
samartha) shukra are Bahala (Thick), Madhura
(sweet), Snigdha (unctuous), Avisara, (devoid of bad
smell), Guru (heavy), Picchila (slimy), Shukla (Milky
white) and Bahu (abundant). The qualities of

Table No. 1
Characteristics of Retas

Seminal parameters

Sphatika Sannibha (Crystalline/Translucent)
Taila Sannibha (Translucent like oil)

Apperance

Ksaudra Sannibha (Translucent like honey)
Drava (liquid)

Liquifaction

Shukla (Greyish white)

Colour

Bahu (Abundant)

Volume

Madhugandhi

Odour

Avisra (Acrid)
Madhura (sweet)

Presence of Fructose

Avidahi (Alkaline)

pH

Snigdha (unctuous)
Ghana (Dense)

Consistency

Bahala (Thick)
Guru (heavy)

Density

Picchila (viscous)

Viscosity
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Shukra dushti: The defects in Retas
(semen) are broadly of two type’s viz. Shukrakshaya
and Shukradusti. Here Shukrakshaya refers to the
abnormal or deficient functioning of the testes in
terms
of
synthesis
of
testosterone
and
spermatogenesis. The conditions Alpa Retas(primary
hypogonadism/testicular failure), Ksheena Retas
(secondary testicular failure) and Visuska Retas
(severe oligozoospermia ) come under the purview
of Shukrakshaya.8

Shukra Dushti (vitiation of semen by the
morbid dosha) leads to Rogi (sick), Kliba (impotent),
Alpayu (short lived), Virupa (disfigured) progeny.
Result will be no conception, or may lead to abortion
or miscarriage.
Acharya Caraka has classified Shukra Dusti
on the basis of abnormal physical characteristics of
the semen while Susruta has clearly described it on
the basis of Doshic vitiation. The 8 types of Retodusti
described by Susruta are Vatadusta, Pittadushta,
Kaphadushta, Kunapa, Granthi, Putipuya, Ksheena
and Mutra Purisha Gandhi.9 (Table 2)

Table No. 2: Retah dushti
Type of
Retodushti

Dosha
involved

Physical characteristics of
semen

Ejaculatory
findings

1. Vataja

Vata

Frothy, thin, unctuous and scanty
and discharges with difficulty

Discharges
with difficulty

2. Pittaja

Pitta

Bluish yellowish tinge, very hot,
putrid in smell

Causes burning
in the phallus

3. Kaphaja

Kapha

semen becomes excessively viscid.

-

4. Kunapagandhi

Rakta

Red in colour with corpse like smell

Painful

5. Granthibuta

Kapha-vata

Semen becomes clotted and sinks in water

-

6. Putipuya

Pitta-kapaha

Semen becomes foul smelling and
discoloured

Burning

7. Ksheena

Vata-pitta

Semen- less in quantity with
reduced viscosity

Painful

8. Mutrapurishagandhi

Tridosha

Mixed with urine and faeces and also
foul smelling

The 8 types of Retodusti
described by Caraka includes Phenila,
Tanu, Ruksa (sushka), Vivarna
(ashveta), Puti, Picchila, Avasadi and
Anya Dhatu Samshrista (Table 3)

-

Table No. 3: Types of Retodusti described by Caraka
Phenila

Frothy

Tanu

Thin

Ruksa

Dryness

Vivarna

Discolored

Picchila

Highly viscous

Puti

Putrid smell

Anyadhatu samsrishti

Blood/Epithelial etc

Avasadi

Sedimenting
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understanding

Tanu: It is also vataja type of retodushti;
here the semen sample seems to be thin and watery.
Thinness or low density depends on the
concentration of sperms in semen. So tanuta of
semen indirectly indicates sperm count and also add
up for early liquefaction. Oligospermia condition can
be inferred by this parameter.

Abnormal physical characteristics of the
semen can be understood by the doshic involvement.
Phenila,
Tanu,
Ruksa represents
vataja
Shukradushti; Vivarna (neela/peeta/ashveta)
indicate pittaja shukradushti; Atyartha picchila
denotes Kapha dosha; Putipuya indicate pittakapha
involvement and anyadhatu samsrishti is due to
shonitadi dhatu where as avasadi manifest due to
vitiation by kapha-vata dosha.10 (Table 4)

Ruksha: Rukshata means dryness/deficit of
snigdhata in semen and practically it becomes
difficult to demonstrate. A standard smear has to be
prepared on a glass slide using a standard semen
drop (20 micro lit) and kept for drying. The sample
which is devoid of snigdhata dries soon on the slide
indicating rukshata. Such sample may exert high
osmotic pressure on sperms leading to
morphological deformities. However it is observed
that increased alkalinity of semen leads to rukshata.
Hence pH>8.5 can be considered as ruksha
retodushti.

Table No.4 : Involvement of Dosha in
Retodushti
Retodushti

Dosha/Dhatu
involvement

Phenila
Tanu

Vata

Vivarna: Sphatikabha is the quality of
optimum retas and is true that normal colour of
semen is greyish white. The pathological colours are
said to be pita (yellowish), nila, aruna etc based on
morbid dosha. Discolouration due to pitta dosha
often indicates underlying infection.

Ruksa
Vivarna

Pitta

Picchila

Kapha

Puti/Puya

Pitta-Kapha

Anyadhatu samsrishti

Shonitadi dhatu

Avasadi

Kapha-vata

Picchila: Picchilata is normal quality of
shukra and atyartha picchila is considered as dushti.
Picchilata means thread forming and it indicates
viscosity of semen. Spinbarkeit test used for cervical
mucus can be used for assessment. Measuring the
length of thread formed while glass rod lifted from
semen sample. Based on the length of thread formed
viscosity can be graded. The abnormal viscosity
counts for delayed liquefaction and reduced motility
of sperms.

Granthibhuta
Ksina

Vata-Pitta

Mutra Purisa Gandhi

Tridosha

Discussion

Putipuya: In this variety of shukra dushti
the morbid dosha involved are pitta and kapha; in
which semen sample attains putrid smell and may
look like pus. Here one can guess the underlying
pakavasta (infection) and check for presence of pus
cells in the semen. This parameter suggests
pyobacterospermia. The test is positive if >5 pus
cells /HPF.

Shukra dushti assessed with the modern aids
leads to better understanding of severity of the
condition.
Phenila: Here the semen becomes frothy by
mere shaking the sample in sterile container. If the
bubbles remain without bursting for longer duration
(>5min) phenilata is considered to be positive. It is
vataja type of retodushti and froth is formed due to
lowered surface tension. It is one of the causes for
increased morphological defects in sperm.

Anyadhatu samshrita: In this variety the
semen sample may be associated with shonitadi
dhatus. The presence of gelatin bodies and non
spermatozoal cells like RBC’s, epithelial cells,
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amorphous matter, particulate debris come under
this category.
Avasadi/granthibuta: It is kaphaja type
of shukra dushti in association with vata; semen will
be in the form of coagulum and the sample doesn’t
liquefy and settles at the bottom of water. Hence it
indicates rate of sedimentation.

4.
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Conclusion:
Most of the physical characteristic features of
optimum retas exactly match with qualities of
semen. The understanding of shukradushti including
assessment of morbid dosha involvement helps to
identify most of the seminal abnormalities. The eight
varieties of shukradushti can be merged under one
or the other seminal parameters. Ayurveda has laid
much focus on physical characters and morbid dosha
of semen. The factors assessed by microscopic
examination like motility, count and morphology of
sperms were only understood by inference.
Phalavattata, a main character may be attributed to
viability, motility, count and normal morphology of
sperms. The sperm endowed with normalcy of all
these is able to fertilize the ovum i.e., Garbhakara.
Retopareeksha with the aid of modern tools gives
exact idea about the pathology involved and thus
helps in effective management. Hence it can be said
that Retopareeksha a standard ayurvedic diagnostic
tools of male infertility like semen analysis.
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Literary Review

Critical Analysis Of Praman Sarira
With Special Reference To Cranio Facial Measurements
*Rakesh Narayanan.V, **Ashwathykutty.V, ***Isha Herswani
Abstract:
Pramana Sharira is the branch of Ayurveda Sharira which deals with the measurements of various
body parts. Ayurveda considers head as the abode of Prana (Vitality). It is placed as the superior most organ
in our body for the very reason that it is the seat of all sensory organs and Prana. Hence the assessment of
Pramana of Shiras holds a great importance as it helps to understand any kind of structural variations/
abnormality. The related opinions of different Acharya may seem perplexing on a first glance but a deeper
analysis with the commentaries can bring about the congruence in their views. This review discusses the
various analytical aspects of references of craniofacial measurements given in Samhita.
Key Words: Craniofacial Measurements, Pramana Sharira, Shiras, Anthropometry
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Literary Review

Critical Analysis Of Praman Sarira
With Special Reference To Cranio Facial Measurements
Rakesh Narayanan.V, Ashwathykutty. V, Isha Herswani
Introduction
Thestudy of human anatomy deals with the
study of structural framework of the body.While
speaking of anatomy, the general impression is that
it primarily focus on the internal structural entities.
But an important part of anatomy also stresses upon
the understanding of external appearance the human
body.These ideas have collectively given shape to
another separate branch of anatomy called
Anthropometry.

Most detailed among these are of that of
AcharyaSushruta,
who
has
described
the
measurements of numerous body parts and also
described the importance of these measurements.
Acharya Charaka and Vagbhata have also described
the measurements of the human body. These
measurements in general are called by the name
Pramana Sharira, meaning the branch of Sharira
dealing with Pramanaor measurement.

Anthropometry
is
the
branch
of
anthropology which specifically deals with the
measurements related to the human body,
‘Anthropos’ meaning human and ‘metry’ meaning
measurement. It deals with the description of the
external human form especially in order to
determine the racial, regional and other variations
in various parts of the planet.
Modern
anthropometry was established during late 18th
century and now incorporates wide ranging streams
like physical anthropology, craniometry and
palaeoanthropology, criminology (mainly by the
contribution of Alphonse Bertillon; who introduced
a system of identification of individuals which was
named after him as Bertillonage system),
physiognomy (relation between physical features and
character
traits),
phylogeography,
racial
identification techniques etc.

The aim of this review is to discuss the
various references of PramanaSharirarelated to Jatru
Urdhwa Sarira (Craniofacial measurements) in our
classics with the help of available commentaries and
to bring out a consensus opinion regarding the
various references in Samhita.
Review of Literature
References of Pramana Sharira
Among the Dasa Vidha Pariksha, the
examinations of the Sara, Samhanana and
Pramanarequire some background anatomical
knowledge. The Sharira Pramana or measurements
pertaining to the body have been described in this
context of Rogi Pariksha.
Elaborate descriptions are found in
Brihatrayi with their commentaries throwing light in
to the significant areas. Acharya Sushruta has
described Pramana Sharira in context of Atura
Pariksha or examination of the patient in the 35th
chapter of Sutra Stana, ie Aturopakramaniyam
chapter. Acarya Charaka has given his description of
Pramana Sharira in the 8th chapter of Vimana Sthana,
i.e. Roga bhishakjitiyam chapter. Vagbhata describes
it in Prakriti Bhediyam Chapter of Ashtanga
Sangraham, Sharirastana.(A.Sa. Sa. 8)

Ayurveda, being a medical science, deals
with the human body. The various Samhitacontain
numerous descriptions of the human body. All the
major Samhitahave a separate section left apart to
describe the human body, namely the ShariraSthana.
Though a separate Sharira Sthanais given in all the
Samhita, the references related to the human body
are found in all parts of these texts, mostly being
described in contexts of their applied aspects in
medical practice. In the same way, references
regarding the external appearance of the human
body and the measurements of the human body are
also found in parts other than Sharira Sthana.
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for arriving at a logical conclusion regarding the
opinions in samhitas.

Tools of Measurement:Acharya doesn’t give the data in form of
absolute measurements of various parts, but as
proportions to a fixed body part, namely the breadth
of the finger of the individual being measured. This
unit of measure is called Anguli Pramana. The word
Anguli means finger and Pramana means
measurement. Thus Anguli Pramana or finger
measurement is the equal to the average breadth of
the finger of the individual whose body is being
measured.

Examples for a few somatometric land marks
and instruments that are used for craniofacial
measurements are discussed below.
Somatometric landmarks used in craniofacial
measurements.
1.

Alare (al): It is the most laterally placed point
on the nasal wing. This point is determined by
measuring nasal breadth.

The concept of using Anguli or the average
breadth of a finger as a unit of measure can be
observed to be a modified form of expressing the
measures of the various parts of the body in
proportion to a fixed part, here being the Anguli.
This method carried the following advantages

2. Chelion (ch): It is the point on the mouthopening where the lateral margins of the upper
and lower lips meet i.e., corners of the mouth.

1) It provided a suitable universal unit of
measurement which was individualised.

4. Endocanthion (en): It is the point on the
medial side of the eye where the upper the upper
and lower lid margins meet.

3. Ectocanthion (ec): It is the point on the
lateral side of the eye where the upper and lower
lid-margins meet.

2) The physician while examining the patient need
not carry any measuring instrument or device as
the patient’s own hand gave the measure.

5. Euryon (eu): It is the most laterally placed
point on the sides of the head. This point can
only be determined by measuring the maximum
head breadth.

3) Even though the absolute value of measurement
may vary, the proportions of various body parts
remain almost constant.

6. Frontotemporale (ft): It is the most anterior
and inner point on the linea temporalis on the
frontal bone. Place the first finger on the margin
of the anterior and lateral wall of the forehead
above the orbits; now slide on the convex linea
temporalis to locate the desired point. This point
lies usually slightly higher than the tangent drawn
on the highest elevation of the upper margins of
the eyebrow ridges.

Gayadasa, commentator of Sushruta Samhita
says that one angula is three Yava Pramana. But
there are many different opinions regarding the
Angula Pramana. The most logical conclusion that
evolve is that average breadth of the digits of
upperlimb excluding the thumb.
In our classics, the accurate anthropometric
points and criteria are not mentioned for individual
measurement making the measurements vary in
different calculations. On the otherhand modern
anthropometry has made remarkable advances in
recent years. Invention of sophisticated measuring
instruments like 3D body scanners have made
revolutionary changes in the application of
anthropometry in various specialties like
phrenology, physiognomy, forensic science,
criminology etc.

7 . Glabella (g): It is the point on the
protuberance of the lower forehead above nasal
root and between the eyebrow ridges intersected
by the mid- saggittal plane.
8. Gnathion (gn): It is the lowest point on the
lower margin of the lower jaw intersected by the
mid saggital plane. This point can be palpated
on the lower jaw from behind the slightly
anteroro to chin.
9. Gonion (go): It is the lowest posterior and
most lateral point on the angle of the lower jaw.
The point lies on the lateral side of the angle.

In this scenario, the various somatometric
techniques and instruments can be effectively used
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20.Pronasale (prn): It is the most anteriorly
placed point on the tip of the nose when the head
is held in mid saggital plane.

10. Inion (i): It is the point on the tuberculum
linearum on the posterior protuberance in mid
saggital plane. This point can be clearly felt at
the juncture of the posterior protuberance and
the neck. The tip of the so-called protuberance
is taken as the landmark for measurement on the
living. It is difficult to locate this point
accurately among children and women.

21. Prosthion (pr): It is the point on the lower
margin of the gums of the upper jaw at the midsaggital plane between the middle incisors. This
is the most downward point and lies on the lower
border of the gum.

11. Labrale Superior (ls): It is the point in the
mid-saggital plane cut by a tangent drawn at the
highest elevation of the upper margin of the
integumental tip.

22. Stomion (sto): It is the point where the slit of
the mouth with closed lips cuts the mid-saggital
plane.
23. Subaurale (sba): It is the lowest point on the
lower margin of the ear lobe.

12. Labrale Inferior (li): It is the point on the
lower margin of the lower lip in the mid-saggital
plane.

24. Subnasale (sn): It is the point where the lower
margin of the nasal septum meets the integument
of the upper lip. This point should be sought
where the tangent drawn to the nasal septum
meets the upper lip.

13. Menton (me): It is the lowest point on the
anterior wall of the chin.
14. Metopion (m): It is the point where horizontal
line joining the highest projection of the frontal
protuberance is cut by the mid-saggital plane.

25. Superaurale (sa): It is the highest point on the
margin of the helix when the head is in the eyeear plane.

15. Nasion (n): It is the point on the nasal root
intersected by mid-saggital plane. Nasal root is
not the depression of the nose but at the
nasofrontal suture which can be felt by slightly
probing the root of the nose. Note that nasion
usually lies in the level of the medial end of the
eye brows mostly at the lower margins and not
at the height of the eye brows.

26. Tragion (t): It is the point on the upper margin
of tragus where tangents drawn to the anterior
and upper margin of this cartilage cut each
other. This point lies 1-2 mm below the helix
spine. Some anthropologists take this point in the
middle of the tragus or at the tip. Others take it
at the ear opening or auriculare.

16. Ophryon (on): It is the point where a tangent
drawn upon the upper borders of the eye brow
ridges is cut by mid-saggital plane. Ophryon
(on) may sometime lie at the same point as
glabella (g), but is usually a few millimetres
higher.

27. Trichion (tr) or Crinion: It is the point
where the anterior border of the hair on the
forehead is cut by the mid-saggital plane. It is
difficult to determine this point in children with
less hair as well as in cases of bald individuals.
28. Vertex (v): It is the highest point on the head
when the head is in eye-ear plane. This is not
an anatomically determined point and is
dependent on the orientation of the skull.

17. Opisthocranion (op): It is the most posterior
point on the posterior protuberance of the head
in the mid-saggittal plane. This point is
determined by measuring maximum head length.

29. Zygion (zy): It is the most laterally placed point
on the zygomatic arch. These points are
determined by taking bizygomatic breadth.

18. Orbitale (or): It is the deepest point on the
lower margin of the orbit. This point can be
easily felt through the skin by the first finger.
This can be determined up to an accuracy of 1-2
mm.

Somatometric
Instruments
craniofacial measurements

used

in

Head Height Needle: It is used with the
anthropometer to ensure the vertical condition of
the instrument while taking head height. The needle

19. Post aurale (pa): It is the most lateral point on
the posterior margin of the helix.
164

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com

Vol.IX No.1 Jan-Mar 2015

Journal of Ayurveda
commentaries), length of ala of nose, root of ear,
distance between eyebrows and distance between
eyes are described by Sushruta only. Two similar
terms
are
observed
in
this
regard:
Nayanantaraused by Sushruta (measuring 2 Angula)
and Akshimadhya used by Charaka (measuring 4
Angula). It must be concluded that Akshimadhyais
same as Drishtyantara described by Sushruta which
is also 4 Angula. The word ‘Drishti’ described here
is explained by Dalhanaas the Krishna Taraka which
is of the size of Masura Dalaas explained in Shalakya
tantra.2 Thus Nayanantara is the distance between
medial canthi of the eyes, whereas Akshimadhya and
Drishtyantara are the distance between pupils.

should be in the mid-sagittal plane of the head. It
consists of two steel rods joined at right angles with
a groove at the end of the horizontal needle which
is fired on the cross bar of the anthropometer rod.
Spreading Caliper: It is used for taking
measurements on the living (mainly on the head and
skeleton). It consists of two long arms which are
curved outwards and bounded at one end. A meter
scale (35 cm.) is fixed to one of the arms, the meter
scale passes through a socket on the other arm.
Orbitometer:
It is used to take
measurements on the orbit. A thin graduated row is
placed within another metal tube. One end of
graduated rod is placed against the orbital margin
and then the screw is pushed till the ledge touches
the other desired point.

Sushruta explains the horizontal diameter of
oral cavity under the term ‘Vadanantara’measuring
4 Angula. Dalhana states that this measure is taken
with mouth open.3 But Charakaexplains Asyato be of
5 Angulaand describe another term Oshthato be of
4 Angula.
The length of nose refers to the length of the
bridge of the nose (called Nasavamshaby Dalhana)4
and is equal to 4 Angula. The nose, the forehead or
Lalataand the part below the nose divide face into
three equal vertical parts, total of which is 12
Angulawhich is the length of the face according to
Sushruta. The lengths of nose, forehead and ear
described by both Charakaand Sushrutaare same.
Sushruta uses the term ‘Mukhaayama’and Charaka
‘Anana Utsedha’ for vertical length of the face even
though the measure described is the same (12
Angula). Dalhana has clearly described this
measurement to be from Chibuka to Lalatanta,5 i.e.
upper limit of forehead or the anterior hairline.

Goniometer: It is used for taking various
angles of the face and skull. It consists of a moveable
needle with a heavy base which is attached to a
protractor. There is a slot on the back containing a
spring and screws which allow the goniometer to be
attached with the sliding or spreading calipers.
Tape: It is used to measure the girths of
various parts of the body and skeleton. It is made of
steel and is graduated in mm. Width of the tape
should be about 1 cm.
Croniophore: It is used to orient the skull
in the horizontal plane for taking angles. There are
two kinds of craniophores currently in use:
Discussion
On casual reading, the descriptions of
Pramana Sharira, according to both Charaka and
Sushrutamay seem dissimilar, but a finer analyses
reveal the inherent congruence between the opinions
of two Acharya.

There are detailed descriptions of
craniometry in our classics. The head circumference
has been described to be 32 Angulaby Charaka. The
dimensions of nose are described under three
measures- the length of nose (4 Angula), the
Nasaputabhaga (2 Angula) and Nasaputa Maryada (2/
3 Angula). The distances between the vertex and
anterior hairline and vertex and posterior hairline
have been described respectively as Keshantamastakantara and Mastaka Avatukeshanta by
Sushruta. The word ‘Avatuka’ is not used commonly
in current terminology. So, naturally there are
diverse opinions in this regard. Some are of the
opinion that it means the thyroid prominence. But

The analysis of some measurements relating
to the head has been done as below.
There is a major incongruence of opinions of
Charakaand Sushrutaregarding the length of Chibuka.
Charaka states it to be 4 whereas Sushruta2 Angula.
Commentaries of Sushruta1 define Chibukaas the part
of the face below the lower lip, i.e. from lower lip to
mental protuberance whereas commentaries of
Charakaremain silent in this regard.
The measurements of length of the tooth
(including the part covered by gums according to
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period when samhitas were written. Even though
modern anthropometry is of recent origin, the
concept was present long ago. Craniometric
landmarks also are described in great detail in
Ayurveda Samhita.

the dictionary meaning of the word suggests that this
word can be used for any depressed area such as
fossa and also Monier-Williams Sanskrit dictionary
describes it as the nape of the neck or as the hind
curl (hair on the back of the head).6 Also, from the
contextual and practical measurability sense,
Avatukais to be taken as the depression above the
neck and below the external occipital protuberance
which corresponds to the posterior hairline. Dalhana
says that Avatuis same as Krikatika (which is situated
on back of head and is described as the joint of head
and neck). 7 Also, Sushruta describes another
measure Karnaavatuantara in which also the word
‘Avatu’ comes which refers to the depressed area
below the ear (the site of Vidhura Marma which is
described by Vagbhata in Ashtanga Hridaya as
“Adhastat Karnayoh Nimne”).8 So the meaning of
Avatuka in this context is not the thyroid eminence
or jugular notch but is the depression above the neck
corresponding to the posterior hairline.

2. Comparison of measurements given by Caraka
and Sushruta.
On casual reading, the descriptions of
PramanaSharira according to Sushruta and
Caraka may seem dissimilar, a finer reading
brings to light the inherent congruence and the
variation that exists between the opinions of two
Acharya is very limited and the variation is
mostly in the terminology used to describe the
measurements.
Anthropometric
measurements

land

marks

for

few

After the careful analysis, accurate
anthropometric landmarks can be fixed for the
various craniometric measurements described in
various Samhitaas per the landmarks of modern
anthropometry as follows:

The Karnaavatuantara also is taken by some
to be distance between Karna and Avatu. But this is
not acceptable as the measure is 14 Angula which is
greater and thus the measure Karnaavatuantara
denotes the distance between the hollows below each
ear. Dalhanaalso clarifies in this context that the
Karnaavatu
is
behind
the
ear
(PaschatkarnayohItyarthah).9
In a similar fashion, the descriptions of the
rest of the measurements can also be justified and
understood analyzing them in the light of various
commentaries available.
Conclusions:
General conclusions:
The following conclusions can be arrived at
after this study.
1 . Anthropometry was well developed in samhita
period. The words ‘Pramana’ and ‘metry’ are
related to measurement. Thus, anthropometry
(measurements related to human body) is same
as Pramana Sharira described in various
AyurvedaSamhita. The vast descriptions and
elaborate commentaries and their description in
context of clinical examination (Aatura
Pareeksha) show that the concept of
anthropometry was well developed during the
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Measurement_Ayurveda
terminology

Landmarks as per modern
anthropometry0

1.

Chibuka

labrale inferior (li) to gnathion (gn)

2.

Vadanantara

chelion (ch) to chelion (ch)

3.

Nasa

nasion (n) to pronasale (prn)

4.

Karna

superaurale (sa) to subaurale (sba)

5.

Lalata

glabella (g) to trichion (tr)

6.

Sravana-Apanga

tragion (t) to ectocanthion (ec)

7.

Shira Parinaha

horizontal circumferance of head at level of glabella
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the work, the group should identify the
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the manuscript (3). These individuals should fully
meet the criteria for authorship defined above
and editors will ask these individuals to complete
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disclosure forms. When submitting a group
author manuscript, the corresponding author
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should clearly identify all individual authors as
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list other members of the group in the
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Medicine indexes the group name and the names
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Acquisition of funding, collection of data, or
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readers were rarely provided with information about
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request and publish information about the
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participated in a submitted study, at least for original
research. Editors are strongly encouraged to develop
and implement a contributorship policy, as well as a
policy on identifying who is responsible for the
integrity of the work as a whole.
While contributorship and guarantorship
policies obviously remove much of the ambiguity
surrounding contributions, it leaves unresolved the
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that qualify for authorship. The International
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recommended the following criteria for authorship;
these criteria are still appropriate for those journals
that distinguish authors from other contributors.
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Some journals now also request that one or
more authors, referred to as “guarantors,” be
identified as the persons who take responsibility for
the integrity of the work as a whole, from inception
to published article, and publish that information.
Increasingly, authorship of multi-center trials
is attributed to a group. All members of the group
who are named as authors should fully meet the
above criteria for authorship.

Authorship credit should be based on 1)
substantial contributions to conception and
design, or acquisition of data, or analysis and
interpretation of data; 2) drafting the article or
revising it critically for important intellectual
content; and 3) final approval of the version to
be published. Authors should meet conditions 1,
2, and 3.

The order of authorship on the byline should
be a joint decision of the co-authors. Authors should
be prepared to explain the order in which authors
are listed.
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manuscript on a conflict of interest notification page
that follows the title page, providing additional
detail, if necessary, in a cover letter that accompanies
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Groups of persons who have contributed
materially to the paper but whose contributions do
not justify authorship may be listed under a heading
such as “clinical investigators” or “participating
investigators,” and their function or contribution
should be described-for example, “served as
scientific advisors,” “critically reviewed the study
proposal,” “collected data,” or “provided and cared
for study patients.”

Authors should identify Individuals who
provide writing assistance and disclose the funding
source for this assistance.
Investigators must disclose potential conflicts
to study participants and should state in the
manuscript whether they have done so.

Because readers may infer their endorsement
of the data and conclusions, all persons must give
written permission to be acknowledged.

II.D.2. Potential Conflicts of Interest Related
to Project Support
Increasingly, individual studies receive
funding from commercial firms, private foundations,
and government. The conditions of this funding have
the potential to bias and otherwise discredit the
research.

II.C. Conflicts of Interest
Conflict of interest exists when an author (or
the author’s institution) or reviewer has financial or
personal relationships that inappropriately influence
(bias) his or her actions (also known as dual
commitments, competing interests, or competing
loyalties). These relationships vary from those with
negligible potential to those with great potential to
influence judgment, and not all relationships
represent true conflict of interest. The potential for
conflict of interest can exist whether or not an
individual believes that the relationship affects his or
her scientific judgment. Financial relationships (such
as employment, consultancies, stock ownership,
honoraria, paid expert testimony) are the most easily
identifiable conflicts of interest and the most likely
to undermine the credibility of the journal, the
authors, and of science itself. However, conflicts can
occur for other reasons, such as personal
relationships, academic competition, and intellectual
passion.

Scientists have an ethical obligation to submit
creditable research results for publication. Moreover,
as the persons directly responsible for their work,
researchers should not enter into agreements that
interfere with their access to the data and their
ability to analyze it independently, to prepare
manuscripts, and to publish them. Authors should
describe the role of the study sponsor(s), if any, in
study design; in the collection, analysis, and
interpretation of data; in the writing of the report;
and in the decision to submit the report for
publication. If the supporting source had no such
involvement, the authors should so state. Biases
potentially introduced when sponsors are directly
involved in research are analogous to methodological
biases of other sorts. Include Information about the
sponsor’s involvement in the methods section.

All participants in the peer review and
publication process must disclose all relationships

Sign a statement such as, “I had full access
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Reviewers’ comments will be sent to other
reviewers of the same manuscript, which helps
reviewers learn from the review process, and
reviewers may be notified of the editor’s decision.

to all of the data in this study and I take complete
responsibility for the integrity of the data and the
accuracy of the data analysis.”
II.E. Privacy and Confidentiality

II.F. Protection of Human Subjects and
Animals in Research

II. E.1. Patients and Study Participants
Patients have a right to privacy that should
not be infringed without informed consent.
Identifying information, including patients’ names,
initials, or hospital numbers, should not be published
in written descriptions, photographs, and pedigrees
unless the information is essential for scientific
purposes and the patient (or parent or guardian)
gives written informed consent for publication.
Informed consent for this purpose requires that a
patient who is identifiable be shown the manuscript
to be published.

When reporting experiments on human
subjects, authors should indicate whether the
procedures followed were in accordance with the
ethical standards of the responsible committee on
human experimentation (institutional and national)
and with the Helsinki Declaration of 1975, as revised
in 2000. If doubt exists whether the research was
conducted in accordance with the Helsinki
Declaration, the authors must explain the rationale
for their approach, and demonstrate that the
institutional review body explicitly approved the
doubtful aspects of the study. When reporting
experiments on animals, authors should be asked to
indicate whether the institutional and national guide
for the care and use of laboratory animals was
followed.

Identifying details should be omitted if they
are not essential. Complete anonymity is difficult to
achieve, however, and informed consent should be
obtained if there is any doubt. For example, masking
the eye region in photographs of patients is
inadequate protection of anonymity.

III. Publishing and Editorial Issues Related to
Publication in Biomedical Journals

Informed consent is a must in prospective
trials involving human beings. When informed
consent has been obtained it should be indicated in
the manuscript.

III.A. Obligation to Publish Negative Studies
Editors will consider seriously for publication
any carefully done study of an important question,
relevant to readers, whether the results are negative
(that is, convincingly allow the null hypothesis to be
accepted) or positive (that is, allow the null
hypothesis to be rejected).

II.E.2. Authors and Reviewers
Manuscripts will be reviewed with due
respect for authors’ confidentiality. Confidentiality
may have to be breached if dishonesty or fraud is
alleged but otherwise will be honored.

III.B.
Corrections,
Retractions
“Expressions of Concern”

Information about manuscripts (including
their receipt, content, status in the reviewing
process, criticism by reviewers, or ultimate fate) will
not be disclosed to anyone other than the authors
and reviewers. This includes requests to use the
materials for legal proceedings.

and

Editors assume initially that authors are
reporting work based on honest observations.
Nevertheless, two types of difficulty may arise.
First, errors may be noted in published
articles that require the publication of a correction
or erratum of part of the work. The corrections will
appear on a numbered page, be listed in the
contents page, include the complete original citation,
and link to the original article and vice versa online.
It is conceivable that an error could be so serious
as to vitiate the entire body of the work, but this is
unlikely and will be handled by editors and authors

Reviewer comments should not be published
or otherwise made public without permission of the
reviewer, author, and editor.
The reviewers’ identity will not be revealed
to the author or anyone else without the reviewer’s
permission.
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copyrighted (articles written by employees of the
governments in the course of their work, for
example).

on an individual basis. Such an error should not be
confused with inadequacies exposed by the
emergence of new scientific information in the
normal course of research. The latter requires no
corrections or withdrawals.

III.D. Overlapping Publications
III.D.1. Duplicate Submission

The second type of difficulty is scientific
fraud. If substantial doubts arise about the honesty
or integrity of work, either submitted or published,
it is the editor’s responsibility to ensure that the
question is appropriately pursued, usually by the
authors’ sponsoring institution. However, it is not
ordinarily the task of editors to conduct a full
investigation or to make a determination; that
responsibility lies with the institution where the work
was done or with the funding agency. The editor
should be promptly informed of the final decision,
and if a fraudulent paper has been published, the
journal will print a retraction. If this method of
investigation does not result in a satisfactory
conclusion, the editor may choose to conduct own
investigation. As an alternative to retraction, the
editor may choose to publish an expression of
concern about aspects of the conduct or integrity of
the work.

The Journal will not consider manuscripts
that are simultaneously being considered by other
journals.
III.D.2. Redundant Publication
Redundant (or duplicate) publication is
publication of a paper that overlaps substantially
with one already published in print or electronic
media.
Readers of primary source periodicals,
whether print or electronic, deserve to be able to
trust that what they are reading is original unless
there is a clear statement that the article is being
republished by the choice of the author and editor.
The bases of this position are international copyright
laws, ethical conduct, and cost-effective use of
resources. Duplicate publication of original research
is particularly problematic, since it can result in
inadvertent double counting or inappropriate
weighting of the results of a single study, which
distorts the available evidence.

The retraction or expression of concern, so
labeled, will appear on a numbered page in a
prominent section of the print journal as well as in
the online version, be listed in the contents page,
and included in its heading the title of the original
article. It will not simply be a letter to the editor.
Ideally, the first author will be the same in the
retraction as in the article, although under certain
circumstances the editor may accept retractions by
other responsible persons. The text of the retraction
should explain why the article is being retracted and
include a full original citation reference to it.

This journal does not wish to receive papers
on work that has already been reported in large part
in a published article or is contained in another
paper that has been submitted or accepted for
publication elsewhere, in print or in electronic
media. This policy does not preclude the journal
considering a paper that has been rejected by
another journal, or a complete report that follows
publication of a preliminary report, such as an
abstract or poster displayed at a professional
meeting. Nor does it prevent the journals considering
a paper that has been presented at a scientific
meeting but not published in full or that is being
considered for publication in a proceedings or
similar format.

The validity of previous work by the author
of a fraudulent paper cannot be assumed. Editors
may ask the author’s institution to assure them of the
validity of earlier work published in their journals or
to retract it. If this is not done editors may choose
to publish an announcement expressing concern that
the validity of previously published work is
uncertain.

When submitting a paper, the author must
always make a full statement to the editor about all
submissions and previous reports that might be
regarded as redundant or duplicate publication of the
same or very similar work. The author must alert the
editor if the manuscript includes subjects about

III.C. Copyright
The copyright status of articles in a given
journal can vary: some content cannot be
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translations to be “republications,” and does not
cite or index translations when the original article
was published in a journal that is indexed in
MEDLINE.

which the authors have published a previous report
or have submitted a related report to another
publication. Any such report must be referred to and
referenced in the new paper. Copies of such material
should be included with the submitted paper.

III.D.4. Competing Manuscripts Based on the
Same Study

III.D.3. Acceptable Secondary Publication

Two kinds of competing submissions will be
considered: submissions by coworkers who disagree
on the analysis and interpretation of their study, and
submissions by coworkers who disagree on what the
facts are and which data should be reported.

Certain types of articles, such as guidelines
produced by governmental agencies and professional
organizations, may need to reach the widest possible
audience. In such instances, editors will choose to
publish material that is also being published in other
journals. Secondary publication for various other
reasons, in the same or another language, especially
in other countries and/or states, is justifiable, and
can be beneficial, provided all of the following
conditions are met.

Setting aside the unresolved question of
ownership of the data, the following general
observations may help editors and others dealing
with these problems.
III. D.4.a. Differences in Analysis or
Interpretation
If the dispute centers on the analysis or
interpretation of data, the authors should submit a
manuscript that clearly presents both versions. The
difference of opinion should be explained in a cover
letter. The normal process of peer and editorial
review of the manuscript may help the authors to
resolve their disagreement regarding analysis or
interpretation.

1 . The authors have received approval from the
editors of both journals; the editor concerned
with secondary publication must have a
photocopy, reprint, or manuscript of the primary
version.
2. The priority of the primary publication is
respected by a publication interval of at least one
week.
3. The paper for secondary publication is intended
for a different group of readers; an abbreviated
version could be sufficient.

If the dispute cannot be resolved and the
study merits publication, both versions will be
published. Options include publishing two papers on
the same study, or a single paper with two analyses
or interpretations. In such cases it would be
appropriate for the editor to publish a statement
outlining the disagreement and the journal’s
involvement in attempts to resolve it.

4. The secondary version faithfully reflects the data
and interpretations of the primary version.
5. The footnote on the title page of the secondary
version informs readers, peers, and documenting
agencies that the paper has been published in
whole or in part and states the primary
reference. A suitable footnote might read: “This
article is based on a study first reported in the
[title of journal, with full reference].”

III.D.4. b. Differences in Reported Methods or
Results
If the dispute centers on differing opinions of
what was actually done or observed during the study,
the journal editor will refuse publication until the
disagreement is resolved. Peer review cannot be
expected to resolve such problems. If there are
allegations of dishonesty or fraud, editors will inform
the appropriate authorities; authors will be notified
of editor’s intention to report a suspicion of research
misconduct.

Permission for such secondary publication
should be free of charge.
6. The title of the secondary publication should
indicate that it is a secondary publication
(complete republication, abridged republication,
complete translation, or abridged translation) of
a primary publication. Of note, the National
Library of Medicine does not consider
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both in print and electronic versions of the journal.

III.D.5. Competing Manuscripts Based on the
Same Database

III.F. Supplements, Theme Issues, and Special
Series
Supplements are collections of papers that
deal with related issues or topics, are published as a
separate issue of the journal or as part of a regular
issue, and are usually funded by sources other than
the journal’s publisher. Supplements can serve useful
purposes: education, exchange of research
information, ease of access to focused content, and
improved cooperation between academic and
corporate entities. Because funding sources can bias
the content of supplements through the choice of
topics and viewpoints, this journal adopts the
following principles. These same principles apply to
theme issues or special series that have external
funding and/or guest editors.

Editors may sometimes receive manuscripts
from separate research groups that have analyzed
the same data set, e.g., from a public database. The
manuscripts may differ in their analytic methods,
conclusions, or both. Each manuscript will be
considered separately. Where interpretations of the
same data are very similar, it is reasonable but not
necessary for editors to give preference to the
manuscript that was received earlier. However,
editorial consideration of multiple submissions may
be justified in this circumstance, and there may even
be a good reason for publishing more than one
manuscript because different analytical approaches
may be complementary and equally valid.
III.E. Correspondence

1 . The journal editors take full responsibility for the
policies, practices, and content of supplements,
including complete control of the decision to
publish all portions of the supplement. Editing by
the funding organization will not be permitted.

As a mechanism for submitting comments,
questions, or criticisms about published articles, as
well as brief reports and commentary unrelated to
previously published articles. This will likely, but not
necessarily, take the form of a correspondence
section or column. The authors of articles discussed
in correspondence should be given an opportunity
to respond, preferably in the same issue in which the
original correspondence appears. Authors of
correspondence will be asked to declare any
competing or conflicting interests.

2. The journal editors will retain the authority to
send supplement manuscripts for external peer
review and to reject manuscripts submitted for
the supplement.
3. The journal editors will approve the appointment
of any external editor of the supplement and take
responsibility for the work of the external editor.

Published correspondence may be edited for
length, grammatical correctness, and journal style.

4. The sources of funding for the research,
publication, and the products the funding source
make that are considered in the supplement
should be clearly stated and prominently located
in the supplement, preferably on each page.
Whenever possible, funding should come from
more than one sponsor.

Although editors have the prerogative to sift
out correspondence material that is irrelevant,
uninteresting, or lacking in cogency, they have a
responsibility to allow a range of opinion to be
expressed. The correspondence column will not be
used merely to promote the journal’s, or the editors’,
point of view. In all instances, editors will make an
effort to screen out discourteous, inaccurate, or
libelous statements.

5. Secondary
publication
in
supplements
(republication of papers previously published
elsewhere) will be clearly identified by the
citation of the original paper. Supplements will
avoid redundant or duplicate publication.
Supplements will not republish research results,
but the republication of guidelines or other
material in the public interest might be
appropriate.

In the interests of fairness and to keep
correspondence within manageable proportions,
journal may want to set time limits for responding
to articles and correspondence, and for debate on a
given topic. Journal has also set policy with regard
to the archiving of unedited correspondence that
appears on line. These policies should be published
173

PDF Created with deskPDF PDF Writer - Trial :: http://www.docudesk.com

Journal of Ayurveda

Vol.IX No.1 Jan-Mar 2015
are numbered. Authors should therefore number all
of the pages of the manuscript consecutively,
beginning with the title page.

IV. Manuscript Preparation and Submission
IV.A. Preparing a Manuscript for Submission
Editors and reviewers spend many hours
reading manuscripts, and therefore appreciate
receiving with manuscripts that are easy to read and
edit. Much of the information in journals’ instructions
to authors is designed to accomplish that goal in
ways that meet each journal’s particular editorial
needs. The guidance that follows provides a general
background and rationale for preparing manuscripts
for any journal.

IV.A.1.b. Reporting Guidelines for Specific
Study Designs
Research reports frequently omit important
information. The general requirements listed in the
next section relate to reporting essential elements for
all study designs. Authors are encouraged in addition
to consult reporting guidelines relevant to their
specific research design. For reports of randomized
controlled trials authors should refer to the CONSORT
statement. This guideline provides a set of
recommendations comprising a list of items to report
and a patient flow diagram.

IV.A.1.a. General Principles
The text of observational and experimental
articles is usually (but not necessarily) divided into
sections with the headings Introduction, Methods,
Results, and Discussion. This so-called “IMRAD”
structure is not simply an arbitrary publication
format, but rather a direct reflection of the process
of scientific discovery. Long articles may need
subheadings within some sections (especially the
Results and Discussion sections) to clarify their
content. Other types of articles, such as case reports,
reviews, and editorials, are likely to need other
formats.

IV.A.2. Title Page
The title page should carry the following
information:
1 . The title of the article. Concise titles are easier
to read than long, convoluted ones. Titles that
are too short may, however, lack important
information, such as study design (which is
particularly important in identifying randomized
controlled trials). Authors should include all
information in the title that will make electronic
retrieval of the article both sensitive and
specific.

Publication in electronic formats has created
opportunities for adding details or whole sections in
the electronic version only, layering information,
cross-linking or extracting portions of articles, and
the like. Authors need to work closely with editors
in developing or using such new publication formats
and should submit material for potential
supplementary electronic formats for peer review.

2. Authors’ names and institutional affiliations.
3. The name of the department(s) and institution(s)
to which the work should be attributed.
4. Disclaimers, if any.
5. Corresponding authors. The name, mailing
address, telephone and fax numbers, and e-mail
address of the author responsible for
correspondence about the manuscript (the
“corresponding author;” this author may or may
not be the “guarantor” for the integrity of the
study as a whole, if someone is identified in that
role. The corresponding author should indicate
clearly whether his or her e-mail address is to be
published.

Double spacing of all portions of the
manuscript including the title page, abstract, text,
acknowledgments, references, individual tables, and
legends-and generous margins make it possible for
editors and reviewers to edit the text line by line,
and add comments and queries, directly on the
paper copy. If manuscripts are submitted
electronically, the files should be double spaced,
because the manuscript may need to be printed out
for reviewing and editing.

6. The name and address of the author to whom
requests for reprints should be addressed.

During the editorial process reviewers and
editors frequently need to refer to specific portions
of the manuscript, which is difficult unless the pages

7 . Source(s) of support in the form of grants,
equipment, drugs, or all of these.
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8. Word counts. A word count for the text only
(excluding abstract, acknowledgments, figure
legends, and references) allows editors and
reviewers to assess whether the information
contained in the paper warrants the amount of
space devoted to it, and whether the submitted
manuscript fits within the journal’s word limits.
A separate word count for the Abstract is also
useful for the same reason.

Provide a context or background for the
study (i.e., the nature of the problem and its
significance). State the specific purpose or research
objective of, or hypothesis tested by, the study or
observation; the research objective is often more
sharply focused when stated as a question. Both the
main and secondary objectives should be made clear,
and any pre-specified subgroup analyses should be
described. Give only strictly pertinent references and
do not include data or conclusions from the work
being reported.

9. The number of figures and tables. It is difficult
for editorial staff and reviewers to tell if the
figures and tables that should have accompanied
a manuscript were actually included unless the
numbers of figures and tables that belong to the
manuscript are noted on the title page.

IV.A.6. Methods
The Methods section should include only
information that was available at the time the plan
or protocol for the study was written; all information
obtained during the conduct of the study belongs in
the Results section.

IV.A.3. Conflict of Interest Notification Page
To prevent the information on potential
conflict of interest for authors from being overlooked
or misplaced, it is necessary for that information to
be part of the manuscript. It should therefore also
be included on a separate page or pages immediately
following the title page.

IV.A.6.a. Selection
Participants

and

Description

of

Describe your selection of the observational
or experimental participants (patients or laboratory
animals, including controls) clearly, including
eligibility and exclusion criteria and a description of
the source population. Because the relevance of such
variables as age and sex to the object of research is
not always clear, authors should explain their use
when they are included in a study report; for
example, authors should explain why only subjects
of certain ages were included or why women were
excluded. The guiding principle should be clarity
about how and why a study was done in a particular
way. When authors use variables such as race or
ethnicity, they should define how they measured the
variables and justify their relevance.

IV.A.4. Abstract and Key Words
An abstract should follow the title page. The
abstract should provide the context or background
for the study and should state the study’s purposes,
basic procedures (selection of study subjects or
laboratory animals, observational and analytical
methods), main findings (giving specific effect sizes
and their statistical significance, if possible), and
principal conclusions. It should emphasize new and
important aspects of the study or observations.
Because abstracts are the only substantive
portion of the article indexed in electronic database
and the only portion many readers read, authors
need to be careful that abstracts reflect the content
of the article accurately.

IV.A.6.b. Technical information
Identify the methods, apparatus (give the
manufacturer’s name and address in parentheses),
and procedures in sufficient detail to allow other
workers to reproduce the results. Give references to
established methods, including statistical methods
see below; provide references and brief descriptions
for methods that have been published but are not
well known; describe new or substantially modified
methods, give reasons for using them, and evaluate

3 to 10 key words or short phrases that
capture the main topics of the article. These will
assist indexers in cross-indexing the article and may
be published with the abstract. Terms from the
Medical Subject Headings (MeSH) list of Index
Medicus should be used; if suitable MeSH terms are
not yet available for present terms may be used.
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the data by variables such as age and sex should be
included.

their limitations. Identify precisely all drugs and
chemicals used, including generic name(s), dose(s),
and route(s) of administration.

IV.A.8. Discussion

Authors submitting review manuscripts
should include a section describing the methods used
for locating, selecting, extracting, and synthesizing
data. These methods should also be summarized in
the abstract.

Emphasize the new and important aspects of
the study and the conclusions that follow from them.
Do not repeat in detail data or other material given
in the Introduction or the Results section. For
experimental studies it is useful to begin the
discussion by summarizing briefly the main findings,
then explore possible mechanisms or explanations
for these findings, compare and contrast the results
with other relevant studies, state the limitations of
the study, and explore the implications of the
findings for future research and for clinical practice.

IV.A.6.c. Statistics
Describe statistical methods with enough
detail to enable a knowledgeable reader with access
to the original data to verify the reported results.
When possible, quantify findings and present them
with appropriate indicators of measurement error or
uncertainty (such as confidence intervals).
References for the design of the study and statistical
methods should be to standard works when possible
(with pages stated). Define statistical terms,
abbreviations, and most symbols. Specify the
computer software used.

Link the conclusions with the goals of the
study but avoid unqualified statements and
conclusions not adequately supported by the data.
In particular, authors should avoid making
statements on economic benefits and costs unless
their manuscript includes the appropriate economic
data and analyses. Avoid claiming priority and
alluding to work that has not been completed. State
new hypotheses when warranted, but clearly label
them as such.

IV.A.7. Results
Present your results in logical sequence in
the text, tables, and illustrations, giving the main or
most important findings first. Do not repeat in the
text all the data in the tables or illustrations;
emphasize
or
summarize
only
important
observations. Extra or supplementary materials and
technical detail can be placed in an appendix where
it will be accessible but will not interrupt the flow of
the text; alternatively, it can be published only in the
electronic version of the journal.

IV.A.9. References
IV.A.9.a. General Considerations Related to
References
Although references to review articles can be
an efficient way of guiding readers to a body of
literature, review articles do not always reflect
original work accurately. Readers should therefore be
provided with direct references to original research
sources whenever possible. On the other hand,
extensive lists of references to original work on a
topic can use excessive space on the printed page.
Small numbers of references to key original papers
will often serve as well as more exhaustive lists,
particularly since references can now be added to
the electronic version of published papers, and since
electronic literature searching allows readers to
retrieve published literature efficiently.

When data are summarized in the Results
section, give numeric results not only as derivatives
(for example, percentages) but also as the absolute
numbers from which the derivatives were calculated,
and specify the statistical methods used to analyze
them. Restrict tables and figures to those needed to
explain the argument of the paper and to assess its
support. Use graphs as an alternative to tables with
many entries; do not duplicate data in graphs and
tables. Avoid non-technical uses of technical terms
in statistics, such as “random” (which implies a
randomizing device), “normal,” “significant,”
“correlations,” and “sample.”

Avoid using abstracts as references.
References to papers accepted but not yet published
should be designated as “in press” or “forthcoming”;
authors should obtain written permission to cite
such papers as well as verification that they have

Where scientifically appropriate, analyses of
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been accepted for publication. Information from
manuscripts submitted but not accepted should be
cited in the text as “unpublished observations” with
written permission from the source.

Tables capture information concisely, and
display it efficiently; they also provide information
at any desired level of detail and precision. Including
data in tables rather than text frequently makes it
possible to reduce the length of the text.

Avoid citing a “personal communication”
unless it provides essential information not available
from a public source, in which case the name of the
person and date of communication should be cited
in parentheses in the text. For scientific articles,
authors should obtain written permission and
confirmation of accuracy from the source of a
personal communication.

Type or print each table with double spacing
on a separate sheet of paper. Number tables
consecutively in the order of their first citation in the
text and supply a brief title for each. Do not use
internal horizontal or vertical lines. Give each
column a short or abbreviated heading. Authors
should place explanatory matter in footnotes, not in
the heading. Explain in footnotes all nonstandard
abbreviations. For footnotes use the following
symbols, in sequence:

Some journals check the accuracy of all
reference citations, but not all journals do so, and
citation errors sometimes appear in the published
version of articles. To minimize such errors, authors
should therefore verify references against the
original documents. Authors are responsible for
checking that none of the references cite retracted
articles except in the context of referring to the
retraction. For articles published in journals indexed
in MEDLINE, the ICMJE considers PubMed the
authoritative source for information about
retractions.

*,†,‡,§,||,¶,**,††,‡‡
Identify statistical measures of variations,
such as standard deviation and standard error of the
mean.
Be sure that each table is cited in the text.
If you use data from another published or
unpublished source, obtain permission and
acknowledge them fully.

IV.A.9.b. Reference Style and Format
The Uniform Requirements style is based
largely on an ANSI standard style adapted by the
National Library of Medicine (NLM) for its databases.
For samples of reference citation formats, authors
should consult National Library of Medicine web
site.

Additional tables containing backup data too
extensive to publish in print may be appropriate for
publication in the electronic version of the journal.
In that event an appropriate statement will be added
to the text. Submit such tables for consideration with
the paper so that they will be available to the peer
reviewers.

References
should
be
numbered
consecutively in the order in which they are first
mentioned in the text. Identify references in text,
tables, and legends by Arabic numerals in
parentheses. References cited only in tables or figure
legends should be numbered in accordance with the
sequence established by the first identification in the
text of the particular table or figure. The titles of
journals should be abbreviated according to the style
used in Index Medicus.

IV.A.11. Illustrations (Figures)
Figures should be either professionally drawn
and photographed, or submitted as photographic
quality digital prints. In addition to requiring a
version of the figures suitable for printing, this
Journal asks authors for electronic files of figures in
a format (e.g., JPEG or GIF) that will produce high
quality images in the web version of the journal;
authors should review the images of such files on a
computer screen before submitting them, to be sure
they meet their own quality standard.

This Journal requires that the references from
the Ayurvedic classics should be cited within
parentheses in the text, i.e. ( Cha. Soo. 25/40).

For x-ray films, scans, and other diagnostic
images, as well as pictures of pathology specimens
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or photomicrographs, send sharp, glossy, black-andwhite or color photographic prints, usually 127 x
173 mm (5 x 7 inches). Letters, numbers, and
symbols on Figures should be clear and even
throughout, and of sufficient size that when reduced
for publication each item will still be legible. Figures
should be made as self-explanatory as possible. Titles
and detailed explanations belong in the legends,
however, not on the illustrations themselves.

This Journal accepts electronic submission of
manuscripts, whether on disk or attachments to
electronic mail. Electronic submission saves time as
well as postage costs, and allows the manuscript to
be handled in electronic form throughout the
editorial process (for example, when it is sent out for
review).
When
submitting
a
manuscript
electronically, authors should consult with the
instructions for authors of the journal they have
chosen for their manuscript.

Photomicrographs should have internal scale
markers. Symbols, arrows, or letters used in
photomicrographs should contrast with the
background.

If a paper version of the manuscript is
submitted, send the required number of 6 copies of
the manuscript and figures; they are all needed for
peer review and editing, and editorial office staff
cannot be expected to make the required copies.

If photographs of people are used, either the
subjects must not be identifiable or their pictures
must be accompanied by written permission to use
the photograph. Whenever possible permission for
publication should be obtained.

Manuscripts must be accompanied by a
cover letter, which should include the following
information.

Figures should be numbered consecutively
according to the order in which they have been first
cited in the text. If a figure has been published,
acknowledge the original source and submit written
permission from the copyright holder to reproduce
the material. Permission is required irrespective of
authorship or publisher except for documents in the
public domain.

l

A full statement to the editor about all
submissions and previous reports that might be
regarded as redundant publication of the same or
very similar work. Any such work should be
referred to specifically, and referenced in the
new paper. Copies of such material should be
included with the submitted paper, to help the
editor decide how to handle the matter.

l

A statement of financial or other relationships
that might lead to a conflict of interest, if that
information is not included in the manuscript
itself or in an authors’ form

l

A statement that the manuscript has been read
and approved by all the authors, that the
requirements for authorship as stated earlier in
this document have been met, and that each
author believes that the manuscript represents
honest work, if that information is not provided
in another form; and

l

The name, address, and telephone number of the
corresponding author, who is responsible for
communicating with the other authors about
revisions and final approval of the proofs, if that
information is not included on the manuscript
itself.

IV.A.12. Legends for Illustrations (Figures)
Type or print out legends for illustrations
using double spacing, starting on a separate page,
with Arabic numerals corresponding to the
illustrations. When symbols, arrows, numbers, or
letters are used to identify parts of the illustrations,
identify and explain each one clearly in the legend.
Explain the internal scale and identify the method of
staining in photomicrographs.
IV.A.13. Units of Measurement
Use only standard Units of Measurements. If
some new measurements or scoring patterns are used
they should be explained in detail in the text.
IV.A.14. Abbreviations and Symbols
Use only standard abbreviations; the use of
non-standard abbreviations can be extremely
confusing to readers. Avoid abbreviations in the title.
The full term for which an abbreviation stands
should precede its first use in the text unless it is a
standard unit of measurement.

The letter should give any additional
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information that may be helpful to the editor, such
as the type or format of article in the particular
journal that the manuscript represents. If the
manuscript has been submitted previously to
another journal, it is helpful to include the previous
editor’s and reviewers’ comments with the submitted
manuscript, along with the authors’ responses to
those comments. Editors encourage authors to
submit these previous communications and doing so
may expedite the review process.
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Annexure I
Manuscript no. JOA/NIA/200 /

Authorship Criteria and Responsibility
Financial Disclosure, Acknowledgment and Copyright Transfer Form
Manuscript Title :
I/We certify that the manuscript represents valid work and that neither this manuscript nor one
with substantially similar content under my/our authorship has been published or is being considered for
publication elsewhere. For papers with more than 1 author, We agree to allow the corresponding author
to serve as the primary correspondent with the editorial office, to review the edited typescript and proof.
I/We have seen and approved the submitted manuscript. All of us have participated sufficiently in
the work to take public responsibility for the contents. All the authors have made substantial contributions
to the intellectual content of the paper and fulfil at least 1 condition for each of the 3 categories of
contributions: i.e., Category 1 (conception and design, acquisition of data, analysis and interpretation of
data), Category 2 (drafting of the manuscript, critical revision of the manuscript for important intellectual
content) and Category 3 (final approval of the version to be published).
I/We also certify that all my/our affiliations with or financial involvement with any organization
or entity with a financial interest in or financial conflict with the subject matter or materials discussed in
the manuscript are completely disclosed on the title page of the manuscript. My/our right to examine,
analyze, and publish the data is not infringed upon by any contractual agreement. I/We certify that all
persons who have made substantial contributions to the work reported in this manuscript (e.g., data
collection, writing or editing assistance) but who do not fulfil the authorship criteria are named along with
their specific contributions in an acknowledgment section in the manuscript. If an acknowledgment section
is not included, no other persons have made substantial contributions to this manuscript. I/We also certify
that all persons named in the acknowledgment section have provided written permission to be named.
The author(s) undersigned hereby transfer(s), assign(s), or otherwise convey(s) all copyright
ownership, including any and all rights incidental thereto, exclusively to the Journal of Ayurveda, in the
event that such work is published in Journal of Ayurveda.
Authors’ name(s) in order of appearance in the manuscript.
1 . Name

Signatures

(date)

2. Name

Signatures

(date)

3. Name

Signatures

(date)

4. Name

Signatures

(date)

5. Name

Signatures

(date)

6. Name

Signatures

(date)
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Manuscript Submission Checklist
Submitted by: E-mail

•

Post

•

Both

•

Covering letter and submission :
1.

Covering letter (in original)

•

2.

Copyright transfer form (in original)

•

3.

Illustrations (in original)

•

4.

Manuscript (E-mail/original)

•

5.

Category for which submitted

•

Presentation and Format :
1.

Printed on A4 paper with 1" margins on all sides in double space.

•

2.

Abstract, text, acknowledgement, references, legends, tables starting on a new page.

•

3.

Title page contains the following:
- Full title of the paper

•

- Initials, surname and highest degree of authors, affiliation

•

- Name of Departments/Institution

•

- Details of Corresponding Authors including e-mail

•

- Numbers in Arabic numerals.

•

4.

Abstract (Hindi and English) and Key words provided.

•

5.

“What this study adds” Box (only for research papers and short communications).

•

6.

References.

•

7.

Pages numbered consecutively.

•

Language and Grammar :
1.

Uniform American English.

•

2.

Abbreviations spelt out in full for first time.

•

3.

Text arranged as per IMRAD format.

•

4.

Follows style of writing in Journal of Ayurveda.

•

5.

Conventional units used throughout manuscript.

•

Tables and Figures :
1.

No repetition of data in Table/graphs and in text.

•

2.

Figures are black and white (except Images), good quality; with labels on back.

•

3.

Table numbers in roman numerals and Figure numbers in Arabic numerals.

•

4.

Correct symbols used for footnotes to tables.

•

5.

Figure legends provided.

•

6.

Patient privacy maintained

•
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Short Communication

AYURVEDA NEWS AND VIEWS
*Dr. Rizwana Parveen
Date : 26th to 28th February, 2015.

National & International Seminars & Fairs
1

8. National Workshop cum Seminar on Frontiers in
Ethnomedicinal Research : Traditional to
Translational (FER-15), organized by Faculty of
Science,Indira Gandhi National Tribal University
(IGNTU), Amarkantak(MP). Date : 9th to 11st
March, 2015.

National level Field Workshop on Medicinal
Plants in Western Ghats,
organized by Regional Medical Research Centre,
Belgaum. Date : 6th to 8th January, 2015.

2. Ayurveda World Expo 2015
organized by K & D Communications Ltd. Date :
8th to 13th January, 2015.

9. Ayurved Mahasammelan and Conference "Holistic
Health by Ayurveda", organized by All India
Ayurvedic Congress. Date : 12th to 15th March,
2015.

3. Ayurveda-Yoga-Vedanta
International
Conference, organized by Karnataka Samskrit
University. Date : 10th and 11th January, 2015.

10. 19th World Congress on Clinical Nutrition,
organized by Institute of Medical Sciences,
BHU,Varanasi. Date : 13th to 15th March, 2015.

3. National Conference on Application of DoshaDhatu-Mala in Physio-Pathology of Pranavaha
Srotastha Vyadhi (Respiratory Disorders),
organized by Department of Kaumarbhitya/Bal
Roga and Department of Kriya Sharir, Faculty of
Ayurveda IMS, BHU. Date : 21st and 22nd
January, 2015.

1 1 . Workshop For Post Graduate Students of
Ayurveda "Avenues Ahead", organized by
Maharashtra University of Health Sciences,
Nashik. Date : 17th March, 2015.
12. National Seminar on Standardization and Quality
Control Of Herbal Raw Drugs, organized by
Department Of Dravyaguna, Dr. B.R.K.R.
Government Ayurvedic College, Hyderabad.

4. National Symposium & Workshop on Molecular
& Ayurvedic Therapies for Inflammation,
organized by Members of the Molecular Biology
Unit (MBU), IMS, BHU.
Date : 7th to 9th February, 2015.

Date : 25th and 26th March, 2015.

5. National Yoga Week - 2015,
organized by Morarji Desai National Institute of
Yoga, New Delhi. Date : 12th to 18th February,
2015.

13. A National Seminar on Empowring & Empanelling
Ayurved System of Medicine, organized by S.C.
Mutha Aryangla Vaidyak Mahavidyalaya. Date :
26th and 27th March, 2015.

6. International Conference "Global Public Health
Infrastructure in Transition: Challenges and a
Way Forward",
organized by The Department of Social Work,New
Delhi, India, and School of Public Health,
University of Minnesota,Minneapolis, USA.

14. National Seminar on "Relevance of CarakaSamhita and its Practices in Contemporary Age",
organized by Deptt. of Samhita & Sanskrit,
Faculty of Ayurveda, IMS BHU, Varanasi. Date :
28th and 29th March, 2015.
15. Joint International Training Workshop on Herbal
Medicine, organized by JSS University Mysore
and Centre for Science and Technology. Date :
30th and 31st March, 2015.

Date : 16th to 20th February, 2015.
7 . Ayur'15 Workshop and National Seminar on
"Clinical & Diagnostics skills in Ayurveda",
organized by Parul Institute of Ayurved,
Vadodara, Gujarat.

*Sr. Research Fellow-Journal of Ayurveda, NIA, Jaipur
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The sesame seeds possess nutritive, curative
and preventive properties. The copper content
present in them offers relief from rheumatoid
arthritis, while magnesium present in the seeds
improves cardiovascular health and lung functioning,
prevents migraines and osteoporosis.

Ayurveda Views:
Ayurveda’s top three ‘super seeds’ for super
health
The super seeds mentioned below may be
tiny, but, they are huge in their nutritional value. Let
us take a look at the multiple health benefits of these
common super seeds and their ayurvedic uses, and
determine how best we can incorporate them in our
regular diet.

Sesame seeds are used in the treatment
methods and therapies of Ayurveda. From an
Ayurvedic perspective, the sesame seed is sweet,
astringent, pungent, bitter, and has heating effect.
Sesame seed oil form a fundamental part of
Ayurvedic massages, due to their calming,
nourishing and warming effect. A self-massage with
sesame oil promotes physical strength, nourishes
muscles and bones, helps better joint movement. In
Ayurveda, Sesame seed oil is an inevitable ingredient
for Panchakarma therapies. Further, according to
Ayurvedic physicians, it helps promote sound sleep,
strengthens intellect and nervous system, thereby
nourishing hair and skin.

Flaxseeds
Flaxseeds, also known as linseeds, are a rich
source of dietary fibre, Omega-3 fatty acids, rich in
antioxidants, helps increase good cholesterol levels
(HDL) and lowers bad cholesterol (LDL), apart from
promoting fertility, relieving constipation, improving
immunity and preventing cancer.
Flaxseeds are being used in Ayurvedic
preparations for ages now, due to their therapeutic
properties. Seeds and oil of the plant are used for
their medicinal value. Flaxseeds are known to
increase volume of urine, are beneficial in treatment
of respiratory disorders, useful for colds, coughs,
sore throat, and pulmonary complaints. Ayurvedic
treatments suggest infusion made by soaking 30gms
of powdered seeds overnight in a glass of water, and
can be given with limejuice to treat tuberculosis with
beneficial results.

Sesame seeds can be consumed by adding to
dips. They can also be added to vegetables, chicken,
garlic, ginger and soy sauce or included in bread and
muffins.
Sunflower Seeds
They are an excellent source of vitamin E,
neutralises free radicals and prevent asthma,
rheumatoid arthritis, and osteoarthritis. The high
magnesium content in them helps in blood pressure
management, headaches and migraines, and
promoting healthy teeth and bones.

Ayurveda also suggests that the seeds are
helpful in treatment of gonorrhoea, irritation of
genito-urinary organs, cystitis, nephritis, when taken
in the form of tea repetitively. Ayurvedic physicians
recommend hot poultice of flaxseed oil in treating
eczema and other skin disorders.

The benefits of sunflower seeds are plenty
including controlling cell damage, thereby
preventing cancer, due to the presence of selenium.
Ayurveda says, sunflower seeds help reduce
inflammation, helps in cholesterol management, and
improves detoxification.

However, it is to be noted here that flaxseeds
are heat producing, and hence it should be used
under the guidance of an Ayurvedic physician.
To include them in your diet, ground
flaxseeds are the best, as they are easily digestible.
You could grind them in small quantities and store
in an air-tight container and consume them quickly,
as they have a short shelf life. They can be added to
yogurt, oatmeal, whole wheat flour, desserts or
shakes.

Sunflower seeds are best stored in
refrigerator. They can be added to salads, scrambled
eggs, or in hot or cold cereals. Grinding a cup or two
of sunflower seeds in a food processor with lemon
juice and garlic, creates a delicious nutty spread to
boost your immune system.

Sesame Seeds

l

Some basic Ayurveda tips for a healthy life
Maintaining the equilibrium of body elements and
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requisite for health. Hence, ethical basis of life is
considered to be a vital health support system.

the procedure of maintaining the equilibrium of
the body elements is the main objective of
Ayurveda. Based on these objectives Ayurveda
suggests a healthy man’s regimen to be followed.
The following are some basic tips from Ayurveda,
which, if incorporated in your regimen, will help
you to lead a healthy life.
l

Always follow the systematized daily routine, and
keep yourselves in-tune with change in seasons,
following a well-planned diet and exercise
schedule.

l

Ayurveda emphasizes on maintenance of
personal, social and civic hygiene, which is a
must for positive health.

l

Never sleep during the day as it leads to
indigestion.

l

Drinking buttermilk is excellent as it is easily
digestible, kindles hunger, instigates vata and
kapha and cures dropsy, haemorrhoids,
enlargement of abdomen, abdominal tumour,
duodenal diseases, dysuria, enlargement of
spleen, loss of appetite, and anaemia.

l

A new research has found that breathing
exercises may help obese women reduce their stress
and blood glucose levels.The research developed by
University of Massachusetts Medical School
researcher Jon Kabatzinn revealed that Mindfulness
Based Stress Reduction (MBSR) treatment has helped
in reducing fasting glucose levels and to improve the
quality of life in obese women.
The practise involves paying attention to
one’s thoughts and feelings and bodily sensations in
the present moment in a non-judgmental and nonreactive manner through mindfulness exercises like
breathing.
The Assistant Professor of Medicine and
Gynaecology at Penn State College of Medicine in the
United States, Nazia Raja-Khan said MBSR reduces
fasting glucose and improves quality of life
considerably, without affecting body weight or
insulin resistance.

Ayurveda recommends vegetarian foods that
give more nourishment to the body than nonvegetarian foods.

l

Always try to eat fresh lukewarm food and in
limited quantities. Food should be taken at least
2 to 3 hours before bedtime, as it helps in
ensuring proper digestion and a sound sleep.

l

Make oil massage a part of your daily routine.

l

Physical exercise should be an inevitable part of
your daily routine. Apart from this, yoga practice
will help in bringing lightness to the body,
stability, ability to work, resistance to discomfort
and will stimulate digestion.

l

Mindful breathing may reduce stress and
blood glucose levels in women

Generally, obese women are more prone to
increased diabetes due to stress and end up with
higher rate of cardiovascular diseases. In this
particular study, women who received at least eight
weeks of MBSR treatment reported reduced stress
levels and it was noticed that their fasting glucose
dipped considerably.
Mindfulness breathing exercise simply
focuses on being able to accept and be aware of your
breath. However, on doing this perfectly, you are
ultimately bound to receive the said benefits of
stress reduction and reduced blood glucose levels.

Coconut water is sweet, coolant, easily digestible,
relieves thirst, is an aphrodisiac, improves
hunger and cleanses the urinary bladder.

l

Periodic use of rejuvenation therapy is
considered important in maintenance of positive
health, given, its therapeutic potential to delay
the ageing process and improve quality of life.

l

Ayurveda also believes that mind is a very
powerful tool in both causing and curing any
disease, and hence, mental discipline and
adherence to moral values are considered a pre-

It has also been proven earlier that
mindfulness breathing helps the mind focus better by
boosting concentration levels and therefore, boosting
productivity.
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ABSTRACT
Introduction: Quinine Sulphate is an antimalarial agent usually indicated in the treatment of chloroquine resistant
malaria. Objective: The objective of the present investigation was to prepare quinine sulphate loaded solid lipid
nanoparticles by ultrasonic solvent emulsification technique using different surfactants (Tween 80, Poloxamer
407, Poloxamer 188) in order to mask the bitter taste, thereby improving patient compliance and to provide
dose precision and a flexible system that allows dose adaptation according to the body weight. Method: Glyceryl
monostearate was used as a lipid (drug to lipid ratio 1:3). The prepared solid lipid nanoparticles were characterized
for various parameters like particle size and shape, zeta potential, entrapment efficiency, In vitro evaluation of
taste masking efficiency, In vitro drug release, In vitro drug release kinetics. Results and discussion: The mean
hydrodynamic diameter of the particle decreased whereas the entrapment efficiency increased with an increase
in the surfactant concentration. Higher surfactant concentration showed faster In vitro release. The formulations
showed negligible release at pH 6.8 and almost 100% release at pH 1.2, which is desirable so as to mask the
taste by delaying the release during administration without hampering the drug release in stomach. Formulation
F9 containing 2% w/v poloxamer 188 was selected as the optimized formulation as it showed high entrapment
efficiency and negligible release in Simulated Salivary Fluid (SSF) pH 6.8 when compared to pure drug but showed
almost 100% release at pH 1.2. Conclusion: It can be concluded that quinine sulphate was proven to be a
suitable candidate for formulating solid lipid nanoparticles to achieve better patient compliance among pediatric
and geriatric populations by masking the bitter taste and avoiding the difficulty in swallowing.
Key words: Quinine Sulphate, Taste masking, Solid Lipid Nanoparticles, Glyceryl monostearate, Poloxamer 188,
Poloxamer 407.

INTRODUCTION
Solid Lipid Nanoparticles (SLNs) have been
reported as an alternative drug delivery system to traditional polymeric nanoparticles.
A clear advantage of SLNs over polymeric
nanoparticles is that the lipid matrix is made
from physiologically tolerated lipid components, which decreases the potential for
acute and chronic toxicity. At room temperature the particles are in the solid state.
SLNs combine the advantages of polymeric
nanoparticles, fat emulsions and liposomes.
They can be produced on a large industrial
scale by high-pressure homogenization, with
low toxicity potential like emulsions and

liposomes, produce sustained release due
to their solid matrix, similar to polymeric
nanoparticles and can effectively target
specific tissues after parenteral administration. SLNs are easily prepared nanoparticles
made from inexpensive, safe, stable and
biodegradable materials and can be loaded
internally or externally with active pharmaceutical ingredients for controlled delivery.1
Quinine, an antimalarial agent, is usually
given orally as sulphate or hydrochloride
salt, or in case of severe malaria when the
patient is unable to take oral medication, it
is administered parenterally by slow intravenous infusion as dihydrochloride salt.2
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Quinine is rapidly absorbed when taken orally and peak
plasma concentrations are reached within 1–3 h. For oral
administration, quinine is commercially available as tablets in most of cases containing sulfate or hydrochloride
salts in a dose of 200 or 300 mg per tablet. Although
this molecule has been commercially used for decades,
very few liquid formulations are available. Tablet breaking, practiced to adapt the dose to the body weight of
the children, may not provide an accurate dose.3

Intramuscular injection may cause lower limb paralysis
if administered mistakenly into the sciatic nerve. Thus,
the rectal use was used to overcome problems associated with intramuscular quinine administration but the
drug was sometimes expelled from the rectum; in addition the calculated intrarectal bioavailability was only
about 40%.3
In contrast, multiple unit dosage forms (pellets or minitablets) offer a flexible dosing system. Since each individual unit contains a small amount of drug, the drug
dose can be easily adjusted by measuring a specific volume (i.e. weight) of these multiparticulates depending
on the patient’s body weight.4
Quinine Sulphate is slightly soluble in water. An additional formidable challenge for an oral Quinine Sulphate formulation is its extremely bitter taste. Oral
administration of bitter drugs with an acceptable degree
of palatability is a key issue for the health care providers,
especially for pediatric and geriatric patients.3,5
Concentration of as low as 0.025% (w/v) solution was
classified at the highest score on a bitter taste scale, only
solutions below 0.001% were considered as having an
acceptable bitter taste. Hence, taste masking of the oral
formulations becomes imperative. Different techniques
are available for taste masking but polymer coating is
preferred as the Quinine Sulphate pellets being spherical in shape increase the efficiency of coating process.
As the drug particles are individually coated the drug
contact with taste bud is prevented, thus masking the
bitter taste of drug. These SLNs can also be delivered in
the form of nanosuspension or nanoemulsion for pediatric and geriatric patients.6,7
The drawbacks of conventional therapy for malaria viz.
development of drug resistance, non specific targeting,
subsequent toxicity due to high dose etc have shifted the
focus on nanosized carriers which overcome the aforementioned problems. Considering the peculiar nature
of malarial parasites, focus is shifted to developing
lipid-based (e.g., liposomes, solid lipid nanoparticles and
nano and microemulsions) and polymer based nanocarriers (nanocapsules and nanospheres).8
For oral treatment, the weight-adjusted doses of antimalarials in infants are similar to those used in adults.
94

However, the lack of infant formulations for the majority of antimalarials necessitates the division of adult
formulations, which leads to inaccurate dosing. Furthermore, taste, volume and gastrointestinal tolerability are
important determinants of treatment acceptability by
children. Hence, there is an urgent need to develop oral
formulations for antimalarials in order to improve the
accuracy and reliability of dosing in children.3
In the present study, Quinine Sulphate loaded SLNs
will be prepared by an ultrasonic-solvent emulsification
technique and the physicochemical characteristics of
the SLNs will be investigated. Formulation of Quinine
Sulphate loaded SLNs will help to mask the bitter taste
and provide dose precision. Solid lipid nanoparticles
also provide a flexible system that allows dose adaptation according to the body weight.4

MATERIAL AND METHODS
Materials

Quinine Sulphate was purchased from S D Fine Chemicals Pvt. Ltd., Mumbai, India. Glyceryl monostearate
and Pluronic F68 was obtained as a gift sample from
Venus Ethoxyether, Goa, India. Pluronic F127 was
obtained as a gift sample from Sigma Aldrich, USA.
Tween 80 was purchased from Loba Chemicals Pvt.
Ltd., Mumbai, India. Solvents were of analytical grade
and produced commercially.
Procedure for
Nanoparticles

the

preparation

of

Solid

Lipid

SLNs were prepared by an ultrasonic-solvent emulsification technique. The desired amounts of Glyceryl
monostearate (GMS) and Quinine Sulphate (QS) were
mixed with trace amounts of methanol and choroform (1:1) and heated to 50°C. Emulsifiers (Tween 80/
PF127/PF68) were dispersed in 10 mL distilled water
with magnetic stirring at the same temperature. After
evaporating most of the solvent, the water phase was
added to the oil phase drop wise at 50°C followed by
mechanical stirring for 10 min, then the coarse emulsion
was subjected to 600 W of ultrasonic treatment for 5
min using a high-intensity probe ultrasonicator (Q125,
Rivotek, Kenya) with water bath (0°C). The dispersions
were immediately dispersed in bulks of distilled water
(0°C) followed by magnetic stirring to remove traces
of organic solvents if any. After the dichloromethane
had completely evaporated the QS-SLN suspensions
were filtered through a 0.45 μm membrane in order to
remove the impurities. The QS-SLNs were stored at
4°C.1,9 The composition of all the formulations is given
in (Table 1).
Particle size analysis and Polydispersity index

The size distribution and polydispersity index (PDI) of
the formulations was measured by Dynamic Light Scat-

Indian Journal of Pharmaceutical Education and Research | Vol 48 (supplement) | Oct-Dec, 2014

Seeprarani Rath et al.,Quinine sulphate loaded solid lipid nanoparticles

Table 1: Composition of Quinine Sulphate loaded solid lipid nanoparticle formulations
Formulation
Ingredients

Formulation Code
F1

F2

F3

F4

F5

F6

F7

F8

F9

Quinine sulphate
(mg)

300

300

300

300

300

300

300

300

300

Glyceryl
monostearate (mg)

900

900

900

900

900

900

900

900

900

Tween 80 (%w/v)

1.0

1.5

2.0

-

-

-

-

-

-

-

-

-

1.0

1.5

2.0

-

-

-

Pluronic F127
(%w/v)
Pluronic F68 (%w/v)
Methanol &
Chloroform (1:1)

-

-

-

-

-

-

1.0

1.5

2.0

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

q.s.

tering Particle Size Analyzer (Nano-flex, Microtrac Inc.,
USA). The range of the analyzer is 0.02 nm to 2.8 µm.
Monodisperse samples have a lower PDI value, whereas
higher value of PDI indicates a wider particle size distribution and the polydisperse nature of the sample. The
usual range of PDI values: 0-0.05 (monodisperse standard), 0.05-0.08 (nearly-monodisperse), 0.08-0.7 (midrange polydispersity), > 0.7 (very polydisperse).10,11
Scanning Electron Microscopy (SEM)

The shape of the SLNs was characterized by Scanning
Electron Microscopy. The dried SLNs were mounted
on metal stubs and coated with Platinum using a Sputter Coater JFC-1600 (JEOL, Japan) and were then
observed under JSM-6360LV Scanning Electron Microscope JEOL, Japan.
Entrapment efficiency and Drug Loading

Formulation equivalent to 1 mg was taken in an eppendorf tube and centrifuged (Superspin R-V/FA) at 15000
rpm for 1hr and the pellet obtained was dissolved in 1
ml ether to dissolve the lipid and 1 ml of hot water
(100°C) was added to dissolve the drug and precipitate
the lipid. It was again centrifuged at 15000 rpm for 1
hr. Concentration of Quinine Sulphate in the supernatant was determined at 330 nm using UV-visible spectrophotometer (Shimadzu UV-1700 Pharmaspec, S.No.
A11024504164, Japan). The percentage entrapment
efficiency and percentage drug loading were determined
by taking the appropriate formulae.12,13
Percentage Yield

Fixed volumes of SLN dispersions were centrifuged at
9000 RPM for 30 min at 150C. The obtained sediment
was dried and weighed and the percentage yield was calculated.
DSC Analysis

Differential Scanning Calorimetry (DSC) analysis was
performed on a Differential Scanning Calorimeter

(Model DSC-60) Shimadzu Co., Japan). Approximately
5 mg of the formulation F9 was weighed into an aluminium pan and sealed hermetically. DSC scan was
recorded from 30 to 300°C at a heating rate of 10°C/
min under a nitrogen purge, using an empty pan as reference.14,15
Zeta potential

Zeta potential is the difference in the potential between
the surface of tightly bound layer (shear plane) and the
electroneutral region of the solution. It is important
parameter to analyze long term stability of nanoparticles. A solid particle (colloid) dispersed in a liquid media
can acquire a surface charge by the adsorption of ions
present in the solution, by the ionization of functional
groups on the surface of the particle or due to the difference in dielectric constant between the particle and
the medium.16 Zeta potential was measured by using
MICROTRAC Zetatrac NPA152-31A.
Evaluation of taste masking efficiency

The taste masking efficiency of SLNs was determined
using Franz Diffusion cell. The receptor cell consisted
of Phosphate Buffer Saline (pH 6.8). An accurately
weighed amount of QS-SLN dispersion equivalent to
10 mg of drug was transferred to the dialysis membrane
(Hi-media, Mumbai, India) with molecular weight cutoff 12,000–14,000 Dalton placed between the donor
and the receptor compartment. 1 ml samples were
withdrawn from the receptor compartment at predetermined time intervals and analyzed spectrophotometrically at 330 nm. The medium was replaced after each
sampling with PBS pH 6.8.17,18
In vitro drug release

The In vitro release of QS from different SLN dispersions was determined using the dialysis bag diffusion
technique. An accurately weighed amount of QS-SLN
dispersion equivalent to 10 mg of drug was transferred
to a dialysis bag (Hi-media, Mumbai, India) with molecu-
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Table 2: Particle Size, Polydispersity Index, Zeta Potential, Entrapment Efficiency, Drug Loading and Percentage Yield of Formulations
Formulation

Mean Particle
Size (nm)*

Polydispersity
index (PI) *

Zeta Potential
(mV) *

Entrapment
efficiency (%) #

Drug loading
(%) #

Yield (%) #

214.3 ± 5.90

0.942 ± 0.024

-29.09 ± 0.80

87.07

29.02

68.33

F2

186.9 ± 8.51

0.518 ± 0.003

-30.31 ± 1.24

83.84

27.95

66.16

F3

116.4 ± 14.19

0.516 ± 0.014

-32.16 ± 1.31

81.97

27.32

62.16

F4

66.2 ± 10.92

0.370 ± 0.010

-31.52 ± 1.52

88.95

29.65

69.91

F5

265.7 ± 13.12

0.867 ± 0.001

-32.63 ± 1.66

91.67

30.56

73.58

F6

692.0 ± 9.96

1.114 ± 0.017

-34.56 ± 0.10

92.35

30.79

76.25

F7

182.2 ± 8.72

0.496 ± 0.004

-33.13 ± 0.82

89.80

29.94

72.50

F8

159.0 ± 7.11

0.638 ± 0.018

-34.16 ± 0.83

93.03

31.01

74.33

F9

145.8 ± 6.49

0.500 ± 0.001

-36.88 ± 1.12

94.56

31.52

77.58

F1

Data are expressed as Mean ± S.D. (n=3): #Data are expressed as Mean (n=3)

*

lar weight cutoff 12,000–14,000 Dalton and sealed. The
sealed bag was then suspended in USP Type II Apparatus containing 900 ml of 0.1N HCl and stirred at a constant speed of 50 rpm at 37°C ± 0.5°C. Aliquots were
withdrawn at predetermined intervals from the receptor
compartment and replaced with fresh buffer. The drug
release was determined spectrophotometrically by measuring the absorbance at 330 nm using the respective
receptor medium as a blank, to calculate the amount of
drug released from the nanoparticles.17
RESULTS AND DISCUSSION
Evaluation of Formulated SLNs
Particle size, Size distribution and Polydispersity index

Particle size measurement was required to confirm
the production of the particles in nano-range. Particle

size data for the SLNs of quinine sulphate is shown in
(Table 2). The mean particle size for formulations F1
to F9 varied in range of 66.2 to 673.8 nm. The particle
size analysis reveals that the size reduction was due to
speed. As the lipid concentration was increased, more
particles were aggregated resulting in an increased particle size. In general, mean hydrodynamic diameter of
the particle decreased with an increase in the surfactant
concentration. This observation was in conformity with
the findings of Ekambaram et al. SLN dispersion prepared using poloxamer 188 as a stabilizer showed lower
particle size than the other surfactants. This result could
be explained due to the higher HLB value of poloxamer
188 when compared to tween 80 and poloxamer 407.9
Polydispersity index (PDI) indicates the width of the
particle size distribution, which ranges from 0 to 1. A
monodisperse sample indicates PDI value nearer to

A

B

Figure 1: (a) and (b) SEM images of optimized formulation F9 containing 2% Poloxamer 188 at different resolutions
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0. However, PDI < 1 indicates polydisperse samples.
Therefore, PDI measurement was essential to confirm
the size distribution of the particles. The mean polydispersity index values for the drug loaded SLN formulations varied in the range of 0.370- 1.114 as tabulated in
(Table 2).19
Zeta (ζ) potential

Zeta potential (±) indicates the degree of repulsion
between close and similarly charged particles in the
dispersion. This repulsion force prevents aggregation
of the particles. Therefore, it is a useful parameter to
predict the physical stability of the SLN dispersions.
Values more than +20 mV or less than -20 mV predict
good physical stability of nanoparticle dispersion. The
ζ Potential values of the formulations were found to be
between -29.09 to -36.88 mV (Table 2). It predicts good
particle stability because the repulsive forces prevent
aggregation with aging.19
Scanning Electron Microscopy

SEM images of all the formulations suggest that the
formulations were in nano range. The particles were
oval in shape and discrete. SEM images of the optimized formulation F9 containing 2% PF 68 are shown
in (Figure 1a and 1b). It can be seen that the surfactant
helps to form oval particles with a smooth surface and
prevents agglomeration of the particles.
Entrapment efficiency and Drug Loading

The experimental results indicate that the concentration
of surfactant has critical effect on the quinine sulphate

incorporation efficacy. The values of drug entrapment
efficiency are shown in (Table 2). The entrapment efficiency was found to be in the range of 81.97% to 94.55%.
A higher concentration of surfactant (poloxamers)
helps lipid to encapsulate quinine sulphate effectively.
However, it can be seen that increase in the concentration of Tween 80 causes decrease in the entrapment
efficiency. This can be attributed to the solubilization
effect of Tween 80 on the solid lipid nanoparticles.
The experimental results indicate that the concentration
of surfactant has critical effect on the drug loading. The
values of drug loading are shown in (Table 2). The drug
loading was found be in the range of 27.32% to 31.51%.
Percentage Yield

The Percentage Yield of the SLNs increased with
increase in the surfactant concentration in case of poloxamers 188 and 407, but decreased in case of Tween 80
(Table 2). This can be attributed to the solubilization
effect of Tween 80 which leads to solubilization of the
SLNs.
Differential Scanning Calorimetry

The DSC analysis was performed on the optimized
formulation i.e. F9. The optimized formulation was
selected based upon the other evaluation tests. The DSC
thermograms of pure drug and the optimized SLN formulation are depicted in (Figure 2a and 2b) respectively.
The DSC thermogram of quinine sulphate exhibited a
single sharp exothermic peak at 223.38°C corresponding to its melting transition temperature. This peak was

Figure 2: (a) DSC thermogram of pure drug (Quinine sulphate) and (b) DSC thermogram of the optimized formulation F9 containing 2% Poloxamer 188
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Table 3: In vitro release data of formulations F1-F9 at pH 6.8
Time (min)

Pure
Drug

F1

F2

F3

F4

F5

F6

F7

F8

F9

0

0

0

0

0

0

0

0

0

0

5

8.12

0

0

0

0

0

0

0

0

0

10

11.63

0

0

0

0

0

0

0

0

0

15

14.38

0.03

0

0

0

0.02

0

0

0

0

20

15.50

0.04

0.02

0

0.03

0.05

0

0.02

0

0

25

18.48

0.06

0.02

0.03

0.05

0.06

0.03

0.04

0.02

0

30

21.46

0.1

0.05

0.05

0.09

0.08

0.07

0.09

0.04

0.02

0

Data are expressed as Mean (n=3)

*

not observed in the thermogram of the optimized drug
loaded SLNs. No melting point typical of Quinine Sulphate was detected in the DSC curve of the drug loaded
SLNs, thus no free drug crystals were reported in the
system. The broadened and shifted peaks suggests that
the absence of the crystalline form of the drug in the
drug-loaded SLNs, indicating that the drug was present
as a molecular dispersion in the lipid matrix. Incorporation of the drug inside the lipid matrix results in an
increase in the number of defects in the lipid crystal
lattice, and hence causes a decrease in the melting point
in the final SLN formulation.
In vitro evaluation of taste masking efficiency

In vitro evaluation of taste masking efficiency was carried
out by determining the amount of drug released from
the SLNs of Quinine Sulphate in simulated salivary
fluid (pH 6.8). It was performed using Franz Diffusion
Cell. The results are shown in (Table 3). The formulations showed negligible drug release at the end of 30
min when compared with pure drug. The results are in
conformity with the findings of Patravale et al. wherein
no drug release was observed in simulated salivary fluid
pH 6.8 indicating that significant amount of drug does
not come in contact with the saliva to generate a bitter
taste. Formulation F9 showed the lowest release at the

end of 30 min indicating better taste masking efficiency
of the formulation.17
In vitro drug release

In vitro drug release from the SLNs of quinine sulphate in 0.1 N HCl buffer (pH 1.2) was performed
using dialysis bag technique. The In vitro drug release
profile of SLNs of quinine sulphate shown in (Table
4). Surfactant concentration has a direct effect on the
drug release profile. It shows that almost 100% of the
drug is released at the end of 90 min at pH 1.2 indicating that the formulation of QS-SLNs does not hamper
the release of quinine sulphate in acidic medium. The
results are in conformity with the findings of Patravale
et al. where they observed complete elution of the drug
at pH 1.2. The formulations showed an increase in the
percentage drug release with increase in the surfactant
concentration. This can be attributed to the solubilization effect of the surfactants. The increase in the surfactant concentration helps the drug to go into solution.17
Selection of the optimized formulation

Formulation F9 having 2 % w/v PF 68 was found to be
the optimized formulation based on its particle shape
and size, polydispersity index, zeta potential, entrap-

Table 4: In vitro release data of formulations F1-F9 at pH 1.2
Time (min)

Pure
Drug

F1

F2

F3

F4

F5

F6

F7

F8

F9

0

0

0

0

0

0

0

0

0

0

0

5

31.84

31.07

29.39

27.7

32.45

32.91

27.4

30.46

27.40

30.31

10

41.07

41.06

37.98

35.82

39.54

44.14

35.66

38.76

35.05

39.06

15

50.40

52.69

49.57

51.06

52.68

54.58

47.69

46.38

45.84

52.5

30

71.46

70.4

67.72

65.85

65.81

71.7

64.13

58.06

56.14

68.84

45

80.35

80.05

78.1

76.83

75.86

77.69

75.69

72.16

68.69

80.61

60

89.79

88.41

84.61

85.62

83.72

84.04

86.31

83.65

88.87

89.6

75

95.19

94.41

92.86

91.59

87.53

92.28

93.36

93.43

91.06

95

90

100.16

97.26

99.21

99.61

96.73

98.47

98.49

96.57

98.46

99.99

Data are expressed as Mean (n=3)

*
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ment efficiency, drug loading, taste masking efficiency
and percentage drug release (%CDR) when compared
with other formulations.
Dose in pediatric patients

The adult dose of Quinine Sulphate is 300 mg. However,
the pediatric dose is 10 mg/kg. 10 ml of the prepared
SLN dispersion contains around 300 mg of quinine sulphate. Therefore, 1ml shall contain 30 mg of the drug. In
case of a pediatric patient weighing 3 kg, the dose would
be 30 mg i.e. 1 ml of the SLN dispersion.

Centre for Antarctic and Ocean Research, Goa for providing SEM facilities. The authors are also grateful to
KLE University’s Dr. Prabhakar Kore Basic Science
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ABSTRACT
Background: Traditionally known as Pashanabheda in India, Aerva lanata (L) belonging to the family Amaranthaceae,
is widely available in Western ghats of India and used as Antiurolithiatic, astringent, diuretic, antimicrobial, antiinflammatory, hepatoprotective drug by Indian traditional system of medicines. Materials and Method: In the
present study this herb is subjected to extraction with hydro alcohol followed by fractionation with different
solvents of varying polarities such as dichloromethane, ethyl acetate and n-butanol and screened for Antiurolithiatic
activity using ethylene glycol induced male Wistar albino rats. Based on the results, the potent fractions were
subjected to isolation of active constituents using column chromatography. Results: The isolated compounds from
two fractions n-butanol and ethyl acetate were characterized by modern analytical techniques such as IR, HPTLC,
NMR and LCMS as Quercetin and Betulin. Later these two compounds were studied for Antiurolithiatic activity
by In silico technique by docking with a protein 2 ETE of Oxalate oxidase from PDB and the results indicated
better regio-specificity with the enzyme. Conclusion: The two compounds isolated from potent fractions based
on bioactivity guided fractionation were characterized as Quercetin and Betulin by modern analytical techniques.
These two compounds were studied by in silico method and these two compounds have produced significant
results which substantiate their claim of bioactivity. However in vivo study is needed to confirm the activity.
Key words: Aerva lanata (L), Pashanabheda, isolation and characterization, Antiurolithiatic agents, In silico study.

INTRODUCTION
Pashanabheda (stone dissolving) plants are a
group of medicinal plants which are used
in Indian traditional medicinal system by
Ayurvedic practitioners as Antiurolithiatic
drugs. Traditionally Aerva lanata (Pashanabheda) is used as both Antiurolithiatic and
diuretic.
The traditional medicines system is a rich
source of valuable medicinal plants but
there is no scientific data to establish the
activity of these plants. These plants need
to be evaluated, based on their biological
efficacy and chemical constituents for the
drug development. Hence we have selected
Aerva lanata (L) which is traditionally used
as Pashanabheda plant (stone dissolving) for
Urolithiasis, available from Western Ghats
region for our present study. Bioactivity
guided fractionation of this plant was car126

ried out in order to investigate the traditional claim.
Many of the medicinal plants available in
India have not been studied scientifically
for their activity till date. Also there is no
spectral data available regarding the active
constituents present in these plants which
are responsible for their efficacy. Hence
there is a need to identify active constituents of these plants and screen them for
their various activities to support their traditional claims. In this present study, Aerva
lanata Linn. (Amaranthaceae) a herbaceous
perennial weed which is available in the
tropical regions and Western Ghats of India
is selected. The herb Aerva lanata commonly
known as Pashanabheda has been claimed to
be useful for its diuretic, anthelmintic, anti
diabetic, expectorant, hepatoprotective,
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antimicrobial, cytotoxic activity, antiurolithiatic and
anti-inflammatory activity.1,2
This plant is commonly used in Ayurvedic medicines
and recommended in Ayurvedic texts for various diseases. It is useful to treat boils, cephalalgia, cough and
urolithiasis. The plant extract is proved for nephroprotective activity, diuretic effect, cytotoxicity and antioxidant, immunomodulatory effect, diuretic effect,
anti-inflammatory effect, antimicrobial activity, hepatoprotective activity, anti hyperglycemic effect.3,4
Although this plant is used traditionally by Ayurvedic
physicians, however, there is no report on the spectral
analysis of different fractions of Aerva lanata (L) till
date. Also there is no report on the active constituents
responsible for the biological activities claimed by the
plant. Hence this plant available in Western Ghats of
Khanapur region is selected for the study.
MATERIALS AND METHODS
Materials and Reagents

The whole plant Aerva lanata (L) is procured from
Western Ghats region of Khanapur Taluka, Belgaum
for the study. It’s a herb widely available in this region.
The plant is authenticated by taxonomist Dr. Harsha
Hedge, Scientist B, RMRC, Belgaum (specification noRMRC-507). The whole plant is subjected to shade
drying and then it was ground to coarse powder. The
powdered dry material was used for the extraction
with hydro alcohol. Aqueous extract was prepared by
dissolving the dried hydro alcoholic extract in distilled
water and the aqueous extract was partitioned with different solvents of varying polarities [dichloromethane,
ethyl acetate and n-butanol (S.D Fine chem. Ltd.)] in a
separating funnel. The organic fractions were purified
by washing with distilled water and treated with sodium
sulphite overnight to remove moisture. These fractions
were subjected to qualitative tests and chromatographic
techniques.3

Acute toxicity assay

Acute toxicity assay was performed as per OECD
guidelines 423 (limit test). Six male Wistar albino rats
(three animals in each step) were randomly selected.
The animals were kept fasting for overnight providing
only water. The extract was administered orally at one
dose level of 2000 mg/kg b.wof the animals. In further
rats were observed continuously for the first 4 h and
then periodically up to 24 h for toxic symptoms and
mortality. The number of deaths was noted to calculate
LD50 and therapeutic dose.
Isolation

These fractions (II and III) were subjected to screening
for Antiurolithiatic activity using ethylene glycol (0.75%)
(S.D. Fine. Chem. Ltd) induced Albino wistar male rats
for 24 day study. The animals were divided into seven
groups containing six each. The group I served as control and fed with normal rat food and water ad libitum.
Group II to VII received ethylene glycol (0.75%) orally
in drinking water from day 1 to day 28 for the induction
of renal calculi. Group II served as disease induced
group. Group III received standard drug Cystone (750
mg/kg b.w) from 14th day to 28th day. Group IV
received fraction II (20 mg/kg b.w.) group V received
fraction II (40 mg/kg b.w), group VI received fraction
III (20 mg/kg b.w.) and group VII received fraction III
(40 mg/kg b.w) from 14th day to 28th day.4,5
The Phytochemical screening of the extract and fractions II and III showed mainly the presence of flavanoids, Saponins, Triterpenoids, glycosides, steroids and
phenolic compounds. (Figure 1)
No crystal deposition was found in normal group animals. Kidney section of rats treated with ethylene glycol
(0.75%) showed deposition of micro crystals. There was
tubular damage, infiltration of inflammatory cells into
the interstitial space. Kidney section of animals treated
with extract and fractions showed improvement of the
above symptoms and reduced crystal deposition.

Animals

Male Wistar albino rats weighing 150-200 g were purchased from Sri Venkateshwara traders, Bangalore. They
were housed in acryl fiber cages at 23 ± 2oC, humidity 50 ± 1% and were kept on a 12 h light/dark cycle.
They were fed with standard chow feed (Amrut laboratories, Sangali) and water ad libitum and acclimatized
for 15 days before the study. Experimental protocols
reported in this study were approved by the Institution
Animal Ethical Committee of CPCSEA, Govt. of India
(IAEC-Resolution No-13, 31-07-2010) and carried out
in accordance with OECD guidelines.

Figure 1: UV spectrum of AEF 1
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Figure 2: Qualitative analysis of AEF 1 by HPTLC

Figure 4: I.R Spectrum of AEF 1

Figure 3: Comparison of HPTLC spectrum of AEF 1 on different tracks

Figure 5: 1H NMR spectra of AEF-1

Based on the biochemical and Histopathological results,
these fractions were subjected to isolation of potent
compounds by using column chromatography technique followed by preparative TLC. The isolation technique has successfully isolated two compounds. These
isolated compounds were subjected to characterization
process by modern analytical techniques such as IR,
HPTLC, 1HNMR, 13CNMR and LCMS.
The column (3.5×60 cm) was prepared with silica gel
(60-120 mesh) in chloroform by wet method and column is put for overnight. Then the n-butanol fraction (5
gm) was poured to silica gel open column chromatography and step gradient technique was used to run the column. Various ratios of Methanol-chloroform (1:10, 500
ml; 1:5, 500 ml; 1:3, 500 ml; 1:2, 350 ml) were used for
the isolation of active component. The 20 fractions of
20 ml each were collected; analyzed by TLC and same
type of fractions were mixed; then again analyzed by
TLC and found that the aimed compound is present
as a single spot in the fraction collected from the 1:2
solvent system and the Rf value determined .
Similar method was used to isolate active compound/s
from ethyl acetate fraction. Then the ethyl acetate fraction (5 gm) was poured to silica gel open column and
Various ratios of Methanol-chloroform (1:10, 500 ml;
1:5, 500 ml; 1:3, 500 ml; 1:2, 350 ml) were used for the

isolation of active component (2). The fractions of 20
ml were collected; analyzed by TLC and same type of
fractions are mixed; then again analyzed by TLC and
found that the aimed compound is present as a single
spot in the fraction collected from the 1:2 solvent system and the Rf value determined. But in this step a complex spot was observed in the TLC of the combined
fractions of ethyl acetate. Later the complex spot was
resolved into two spots with almost close Rf values 0.53
and 0.56. After isolation these two compounds were
subjected to characterization by IR, HPTLC, NMR and
LCMS. (Table 1-3)6-8

128

Instrumentation

The TLC spots were analyzed by Iodine chamber, the
standard drugs Quercetin and Betulin used for comparison and Rf values were determined. After TLC
analysis, the compounds were studied by CAMAG
HPTLC instrument for their qualitative analysis.
Then the compounds were subjected to SHIMADZU
FT-IR Spectrophotometer for identifying the probable
functional groups present. After IR spectral analysis,
the compounds were studied for 1HNMR using 400
MHz BRUKER FT-NMR and 13CNMR by 100 MHz
BRUKER FT-NMR Spectrophotometer for studying
the Proton NMR and Carbon NMR spectra. Thermo
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Table 1: I.R spectral data of isolated compounds
Compound

Vibrations in cm-1

AEF 1

3406(O-H), 1582 (C=C), 1665
(C=O)

AEF 2.3

3414( O-H), 2943( Ar-H) ,
1643( C=O)

Table 2: NMR Spectral data of isolated compounds
Compound

Proton

Carbon

AEF 1

6.38, 6.39, 6.88.
7.68, 9.37, 10.7 ,
12.47

93.31, 98.15,
102.98, 115.04,
115.57, 119.94,
121.94

1.1, 1.3, 1.4, 1.7,
2.1. 2.3 , 2.46 , 3.0
, 3.2 , 3.8, 4.6 ,
4.68 , 4.75

40, 53, 55, 60, 71,
106, 122

AEF 2.3

Table 3: LCMS Spectral data of isolated compounds
Compound

Molecular ion(
m/z)

Molecular formula

AEF1

302 (m+1)

C15H10O5

AEF2.3

443 (m-1)

C30H50O2

Table 4: Molecular docking simulation results with 2
ETE
Compound

Binding
energy
kcal/mole

Docking
energy
kcal/mole

No of
binding
sites

total no
H

AEF 1

-3.92

-4.37

2

6

AEF 2.3

-3.72

-4.11

2

6

analysis of the isolated compounds was carried out by
DSC (Shimadzu). Finally the compounds were analyzed
by LCMS SHIMADZU Spectrophotometer for determining their molecular weights and molecular formulae.
However the entire compiled information was used for
characterizing the compounds.9-11
Molecular docking studies:

Isolated compounds AEF 1 (Quercetin) and AEF 2.3
(Betulin) were studied by in silico technique using automated docking software (v Life, Pune). A protein 2 ETE
of Oxalate oxidase was downloaded from pdb (www.rcsb.
org/pdb) which reportedly participate in kidney stone
formation.

315-317°C as determined by open capillary method and
the Rf value was 0.47 as determined by TLC method.
Qualitative analysis of the compounds was carried out
using HPTLC Camag instrument. The spectra (figure
2) indicates the purity of the isolated compound AEF
1 at 370 nm. The compound AEF 1 was later analysed
by overlaying technique. The compound was compared
with standard compound (Quercetin) by overlaying
and it shows overlapping spectral lanes (figure 3) which
helps us to identify the compound and its purity.
Spectral Data

The IR spectral data (cm-1) of isolated compound AEF
1 (KBR pellets technique) has revealed the vibrations at
3406 (O-H), 1582 (C=C), C=O (1665). (Table 1)
The 1HNMR δ (DMSO) spectral data has revealed the
proton signals at 6.38(1 H, d, J=1.7 Hz), 6.39 (1 H, d,
J=1.7 Hz). Signals at δ = 6.88 (Ar 1 H d, J=6.4 Hz), 7.68
(2 H d, 2.5 Hz) 9.37(1 H-OH d, 2.2 Hz), 10.7 (1 H d, 2
Hz) 12.47(1 H d, 2 Hz). The 1HNMR spectrum showed
characteristic protons at aromatic regions from 6–8
ppm and strong hydrogen bonding at 12.5 ppm. (Figure
5) These suggest the possibility of Quercetin nucleus
in the compound. The 13C-NMR spectra revealed 15
carbon signals typical of flavonoid nucleus (Quercetin
nucleus). (Table 2, Figure 6)
The Thermo Analytical data was determined using
DSC-60 (Shimadzu) for the compound and it has shown
characteristic peaks at 3150C (Tm) (Figure 8).
LCMS has revealed m/z [M-H] + at 302 and other fragment ions at 257(15), 228 (8), 201(8), 154(8), 136(9),
110(9), 70 (4) and 23 (3). (Table 3, Figure 7)
The molecular formula was derived from the above
LCMS data and it is C15H10O5
From the above analyses, the compound AEF 1 was
identified as 2-(3,4 – dihydroxy phenyl) -3,5,7-trihydroxy-4H-chromen-4-one (Quercetin). The structure
of the compound is

RESULTS
Characterization of Isolated Compounds compound 1:
AEF 1

Characterization of Isolated Compound 2: AEF 2.3

Physical Properties

Physical Properties

The Color of the isolated compound -1 was Yellowish;
its physical state was solid, soluble in Methanol, Chloroform and DMSO. The Melting Point was found to be

The color of the isolated compound AEF 2.3 was Buff
White, its physical state was solid, found to be soluble in
Methanol and DMSO. The Melting Point was found to
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be 242-244°C (determined by open capillary method).
The Rf value was 0.53 as determined by TLC method.
Spectral Data

The IR spectral data (cm-1) of isolated compound AEF
2.3 (KBR pellet technique) has revealed the vibrations O-H (3414), Ar-H (2943), C=O (1643). (Table 1, Figure
4)
The 1HNMR δ (DMSO) spectral data has revealed
the proton signals at: δ value 1.0-1.2 (t, 6H); 1.5-1.7
(m, 15H); 2.1 (m, 2H); 2.91-3.0 (m,2H); 3.0 - 3.3 (d,
7H);3.75 (d, 7H); 3.9-4 (d, 6H); 4.3 (s, 2H);4.5 (d, 3H)
and it shows the presence of 50 hydrogens in the compound. The C13 NMR Spectrum has shown the carbon
peaks at 40, 53, 55, 60, 71, 106, and 122. (Table 2, Figure
10 & 11).
Thermo Analytical study was carried out using DSC-60
(Shimadzu) and it has shown characteristic sharp peak
at 2400C (Tm).15 (Figure 14)
The LCMS has revealed [M+H] + at 443 and other fragment ions at 413, 384, 246, 221, 193, 174 (Table 3, Figure 13).
The molecular formula was deduced for the compound
AEF 2.3 based on LCMS spectra and it is -C30H50O2
From the above analyses, the compound was identified
as Lup-20(29)-ene-3β, 28-diol (Lupeol). The structure
of the compound is11,12

Molecular docking results of AEF 1 and AEF 2.3 using
2 ETE of Oxalate oxidase 16,
Compound 1: AEF 1 (Quercetin) and AEF 2.3 (Betulin) were subjected to in silico docking studies using
Autodocking software and the enzyme 2 ETE of Oxalate oxidase from pdb (www.rcsb.org/pdb). The docking
results has shown that the binding strength of AEF 1
(Quercetin) in the active site of the enzyme was -3.92
kcal/mol, Docking energy -4.37 kcal/mol and six
H-bonds were predicted between Quercetin and the
enzyme. This indicates that Quercetin can act as a better inhibitor of the enzyme. (Table 4, Figure 9)
Docking results of Compound 2: AEF 2.3 ( Betulin ):
The docking results has shown that the binding strength
of AEF 2.3 (Betulin) in the active site of the enzyme
was -3.72 kcal/mol, Docking energy -4.11 kcal/mol and
six H-bonds were predicted between Betulin and the
130

enzyme. This indicates that Betulin can also be a better
inhibitor of the enzyme. (Table 4, Figure 15)
DISCUSSION
The herb Aerva lanata (L) was collected from Western Ghats of Belgaum region (India) and subjected to
extraction with hydro alcohol. The crude extract was
dried and fractionated with different solvents of varying polarities such as Dichloromethane, ethylacetate and
n-butanol with an objective of isolating group of active
constituents. Based on the preliminary phytochemical
investigations and spectral analysis, these two fractions
(ethyl acetate and n-butanol) were later subjected to
bioactivity guided isolation of potent active constituents using column chromatography followed by preparative TLC. Ethyl acetate and n-butanol have yielded
two compounds, one from n-butanol (AEF 1) and two
from ethyl acetate with almost closer Rf values. These
isolated compounds were characterized by using modern analytical techniques such I.R, HPTLC, 1 HNMR,13
CNMR and LCMS.
The compound isolated from n-butanol (AEF 1) was
characterized as Quercetin and the compounds isolated
from ethyl acetate (AEF 2.3) was characterized as Betulin. Compound 1 (AEF 1) was isolated as a yellow powder. The I.R spectrum of the compound has shown
characteristic peaks for the presence of functional
groups 3406 (O-H), 1582 (C=C), C=O (1665) which
were characteristic of flavanoids. The qualitative analysis of the compound by HPTLC has shown Rf value at
0.5 and the peak height was 40. The isolated compound
AEF 1 was analyzed by DSC-60 Shimadzu for thermo
analytical information and it has shown characteristic
endothermic peak at 3150C (Melting, Temp Tm) which
almost corresponds to the temp at which it melts completely. DSC analysis has shown sharp peaks which also
provide information regarding purity of the sample.
The ESI-MS of the compound gave a molecular ion
peak [M-H] at m=z 302, compatible with the molecular formula C15H10O7. Its UV absorptions in MeOH
were consistent with the presence of pentahydroxyflavone structure. In the 1H-NMR spectrum , the aromatic
region exhibited an ABX system at 7.73 (1H, d, J=2.0
Hz, H-20), 7.62 (1H, dd, J=2.0 and 7.5 Hz, H-60), and
6.87 (1H, d, J=8.0 Hz, H-50) due to di-substitution of
ring B and a typical meta-coupled pattern for H-6 and
H-8 protons ( 6.17 and 6.37, d, J=2.0 Hz). The 13CNMR
spectrum showed the presence of 15 aromatic carbon
signals.
From the ethyl acetate fraction complex spot was
obtained which has yielded two compounds with almost
close Rf values. However it was later resolved into one

Indian Journal of Pharmaceutical Education and Research | Vol 49 | Issue 2 | Apr-Jun, 2015

Sunil et al., Docking studies of Aerva lanata constituents

Figure 6: 13C NMR spectra of AEF-1

Figure 7: LC – MS spectrum of AEF 1

Figure 8: Thermoanalytical data of AEF 1

Figure 10: 1H NMR Spectrum of AEF 2.3

Figure 11: 13C NMR Spectrum of AEF 2.3

Figure 12 : HPTLC Spectra of AEF 2.3

b)

a)

c)
Figure 9: a) Predicted binding site of 2 ETE b) 2 ETE from
PDB (energy minimized) C) Docking of the molecule (AEF 1)

Figure 13: LCMS spectrum of AEF 2.3
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Figure 14: Thermo analytical study by DSC

compound Compound-2 (AEF 2.3). It was isolated as
white powder (Rf 0.53). The thermo analytical data of
AEF 2.3 as determined by DSC-60 Shimadzu has shown
characteristic endothermic peaks at 215-220oC (Tm). The
I.R spectrum of the compound has shown the presence
of functional groups such as O-H (3414 cm-1), Ar-H
(2943 cm-1), C=O (1643 cm-1) which are characteristic
of Triterpenoids. The ESI-MS of the compound gave
a molecular ion peak [M-H] at m=z 443 corresponding with the molecular formula C30H50O2. The 1H NMR
spectra of compound exhibited resonances due to aromatic systems. In the 1HNMR system, it shows the presence of 50 hydrogens in the compound at 1.0-1.2 (t,
6H); 1.5-1.7 (m, 15H); 2.1 (m, 2H); 2.91-3.0 (m, 2H);
3.0 - 3.3 (d, 7H); 3.75 (d, 7H); 3.9-4 (d, 6H); 4.3 (s, 2H);
4.5 (d, 3H). C13 NMR has shown characteristic carbons
in spectrum.
Molecular docking studies

Based on the in vivo study results of Aerva lanata (L)
extract and fractions for Antiurolithiatic activity, it
was thought to study the isolated compounds AEF 1
(Quercetin) and AEF 2.3 (Betulin) by in silico technique
to support their in vivo activity. It was also thought that
this study shall help to understand the mechanism of
action of the enzyme and the drug in the Urolithiasis.
Automated docking software was used to determine the
orientation of inhibitors bound in the active site of 2
ETE enzyme of Oxalate oxidase which was found to be
one of the responsible factors for stone deposition. A
Lamarckian genetic algorithm method was employed
for this study. The docking of legend molecules with
2 ETE of Oxalate oxidase which reportedly participate
in kidney stone formation in patients, reveals that both
the inhibitor compounds exhibited the binding with
one or other amino acids with better regio-specificity
in the active pockets, which is showed in Figure 9 and
132

Figure 15: a) 2 ETE from PDB (energy minimized ) b) Predicted binding site (2 ETE ) C) Docking of the molecule (AEF 2.3)

15. The protein structure file (PDB ID: 2 ETE) taken
from PDB (www.rcsb.org/pdb) was edited by removing
the hetero atoms, adding C-terminal oxygen. Figure 9
and 15 also shows the in silico active pocket prediction
of amino acids of protein 2 ETE involved in binding
with the legends obtained from PDB Theoretically all
the molecules showed very good binding energy and
docking energy ranging from -3.72 to -3.92 kJ/mol and
- 4.11 to -4.37 kJ/mol respectively. Among the tested
compounds, docking of 2 ETE with AEF 1 and AEF
2.3 revealed that its docking energy and binding energy
(-4.11, -4.37 and -3.72, -3.92kJ/mol, respectively ) favorable for a good inhibitor of 2 ETE. These compounds
AEF 1 and AEF 2.3 need to be screened for in-vivo
Antiurolithiatic activity in future. Based on the above
In silico study results it can be predicted that these two
compounds may be active Antiurolithiatic agents which
shall be due to inhibition of enzyme 2 ETE of Oxalate
oxidase.
CONCLUSION
The isolated compounds from two fractions n-butanol
and ethyl acetate of Aerva lanata (L) plant extract using
column chromatography were characterized by modern
analytical techniques such as IR, HPTLC, NMR and
LCMS as Quercetin and Betulin. These two compounds
were also studied by In silico technique downloading a
protein 2 ETE of Oxalate oxidase from PDB and docked
with it. This has generated good docking scores which
predicts good inhibitory activity on the enzyme which
reportedly responsible for kidney stone formation and
good candidates for better Antiurolithiatic activity.
CONFLICT OF INTEREST
Authors declare that there is no conflict of interest
exists

Indian Journal of Pharmaceutical Education and Research | Vol 49 | Issue 2 | Apr-Jun, 2015

Sunil et al., Docking studies of Aerva lanata constituents

ACKNOWLEDGEMENT
Authors thank KLE University and Principal of KLES’S
College of Pharmacy, Belgaum for the present research
work. Authors also thank Dr. S S Kerur, Asst Professor,
KLES College of Pharmacy Hubli and Principal, KLES
College of Pharmacy Hubli for the docking studies.

7.

pharmacologically active triterpenes in Betuale cortex, Betula pendula Roth.
Betulaceae. Bosnian J of Basic Medicals Sci. 2009; 9(1): 31-8.
8.

1.

2013; 12(1): 57-61.
9.

2.

Rajesh R. In vitro Anthelmintic Activity of Aerial Parts Aerva lanata Linn Juss.

Utilis. Journal of Pharmacognosy and Phytochemistry. 2013; 2(1): 145-51.

Dinnimath BM, Jalalpure SS. Spectral Analysis of Fractions of Aerva lanata
(L). Indian Journal of Natural Products 2012; 28(2): 14-8.

4.

leaves of Bauhinia variegata. Der Pharma Chemica. 2011; 3(4): 28-37.
12.

Karadi RV, Gadge NB, Alagawadi KR, Savadi RV. Effect of Moringa
oleifera Lam. root-wood on ethylene glycol induced urolithiasis in rats. J
Ethnopharmacol 2006; 105(1): 306–11.

6.

Temidayo AR. Extraction and Isolation of Flavonoids Present in the

Sawsan AR, Nahla NS, Shimaa AA, et al. Thermoanalytical Study and Purity
Determination of Azelastine Hydrochloride and Emedastine Difumarate.
Pharmaceut Anal Acta. 2012; 3(8): 1-4.

13.

Khobragade CN, Beedkar SD, Bodade RG, Vinchurkar AS. Comparative
structural modeling and docking studies of oxalate oxidase: Possible
implication in enzyme supplementation therapy for Urolithiasis. Int J Biol

stones by Herniaria hirsuta on experimentally induced nephrolithiasis in rats.
5.

Sahaa S, Subrahmanyam VS, Kodangalad C, Shastry SC. Isolation and
characterization of triterpenoids and fatty acid ester of triterpenoid from

Atmani F, Slimani Y, Mimouni M, Hacht B. Prophylaxis of calcium oxalate
British Journal of Urology International. 2003; 92(1): 137–40.

Yekta MM, Alavi HR. New Triterpenoids from Peucedanum ruthenicum.
Iranian Journal of Pharmaceutical Sciences 2008; 4(4): 289-94.

11.

Int. J. of Pharma Sci and Drug Res. 2010; 2(4): 269-71.
3.

Joshi H, Saxena GK, Vikas Singh, Arya E, Singh RP. Phytochemical
Investigation, Isolation and Characterization of Betulin from Bark of Betula

Nadkarni KM. Indian Materia Medica. Bombay Popular Prakashan. 1999;
1: 49-50.

Nickavar B, Ihasani LA. Bioactivity-Guided Separation of an α Amylase
Inhibitor Flavonoid from Salvia virgata. Services. Iranian J of Pharma Res.

10.

REFERENCES

Elvira EKB, Duric K, Kalodera Z, Sofic E. Identification and isolation of

Macromol. 2011; 48(3): 66-73.
14.

Requena L, Bornemann S. Barley (Hordeum vulgare) oxalate oxidase is a
manganese-containing enzyme. Biochem. J. 1999; 343(1): 185–90.

15.

Bele U, Hajdinjak T. The Role of Oxalate in Urolithiasis. Web med Central
UROLOGY 2012: 3(1): WMC002877

16.

Dahiya T, Pundir CS. In vivo oxalate degradation by liposome encapsulated

Methanolic Extract of Leaves of Acanthospermum Hispidium Dc.Global

oxalate oxidase in rat model of hyperoxaluria. Indian J Med Res. 2013;

Journal of Medicinal Plant Research. 2013; 1(1): 111-23.

137(1): 136-41.

Indian Journal of Pharmaceutical Education and Research | Vol 49 | Issue 2 | Apr-Jun, 2015

133

Send Orders for Reprints to reprints@benthamscience.ae
Anti-Cancer Agents in Medicinal Chemistry, 2015, 15, 970-979

970

Novel Series of Coumarinyl Substituted-thiazolidin-2,4-dione Analogs as Anticancer
Agents: Design, Synthesis, Spectral Studies and Cytotoxicity Evaluation
Mahesh B. Palkar1,3,*, Sunil S. Jalalpure2, Rajesh A. Rane3, Harun M. Patel3, Mahamadhanif S. Shaikh3,
Girish A. Hampannavar3, Wesam S. Alwan3, Girish S. Bolakatti4 and Rajshekhar Karpoormath3,*
1

Department of Pharmaceutical Chemistry, K.L.E. University College of Pharmacy, Vidyanagar, Hubballi-580
031, Karnataka, India; 2K.L.E.U. College of Pharmacy and Dr.Prabhakar Kore Basic Science Research Center
(BSRC), KLE University, Nehru Nagar, Belgaum – 590010, Karnataka, India; 3Department of Pharmaceutical
Chemistry, Discipline of Pharmaceutical Sciences, College of Health Sciences, University of KwaZulu-Natal,
Westville Campus, Durban-4000, South Africa; 4Department of Pharmaceutical Chemistry, Bapuji College of
Pharmacy, Davangere-577 004 Karnataka, India
Abstract: In this research work, a series of eighteen novel coumarinyl substituted thiazolidin-2,4-dione analogs
(4a-4r) have been designed by molecular hybridization approach, synthesized and their structures were established
on the basis of FTIR, 1H NMR, 13 C NMR and elemental (CHN) analysis. These title compounds were screened for
their cytotoxicity using MTT assay methodology against five different mammalian cancer cell lines viz. hormone
dependant breast adenocarcinoma (MCF7), cervical carcinoma (HeLa), colorectal carcinoma (HT29), lung cancer (A549) and prostate
adeno carcinoma (PC3). The cytotoxicity screening studies revealed that MCF-7, HeLa and A549 cancer cell lines were sensitive to all
the tested compounds. Though the compounds showed varying degrees of cytotoxicity in the tested cell lines, most significant effect was
observed for compounds 4i (1.06, 2.4 and 3.06 μM) and 4o (0.95, 3.2 and 2.38 μM) against MCF7, HeLa and A549 cell lines
respectively. In conclusion, the anticancer results of these promising leads strongly encouraged us for additional lead optimization with
the aim of developing more potential anticancer agents.

Keywords: Anticancer activity, Coumarin, Cytotoxicity, MTT assay, Thiazolidin-2,4-dione.
INTRODUCTION
Cancer, a group of diseases, where there is a rapid uncontrolled
proliferation of abnormal premature cells, can be aggressive,
invasive and/or metastatic (spread to other locations in body). At
present, cancer is a grave health problem and one of the most
formidable afflictions in the world. Cancer affect people at all ages
right from fetuses, but the threat for the more general varieties tends
to increase with age [1]. The active cases of cancer are increasing at
an alarming rate due to radical transformation in lifestyle of humans
over the years. From the online database of the International
Agency for Research on Cancer (IARC), it is estimated that almost
28 types of cancer have been recorded in 184 countries worldwide.
In 2012, the World Health Organization (WHO) fact sheets
revealed that there were around 14.1 million new cases of cancer
with 8.2 million cancer-related deaths worldwide. Further, the lung
(1.8 million, 13.0% of the total), breast (1.7 million, 11.9%), and
colorectum (1.4 million, 9.7%) were the majority of diagnosed
cancers worldwide, whereas the cancers of the lung (1.6 million,
19.4% of the total), liver (0.8 million, 9.1%), and stomach (0.7
million, 8.8%) were the most common causes of cancer death [2].
Thus there is an ample need for the design and development of new
effective anticancer agents. Despite increase in sophisticated
approach in designing cancer chemotherapy, there is still no
curative treatment that is 100% effective. Currently cancer
chemotherapeutic agents’ lack selectivity and specificity against
cancerous cells/tissues which is a significant setback. Consequently,
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cancer chemotherapy targeting tumor represents one of the most
significant challenges for medicinal chemists and oncologist [3].
Coumarins (2H-Chromen-2-one or benzopyran-2-ones) form a
privileged class of naturally occurring compounds that are endowed
with many promising therapeutic uses. Coumarin is a vital scaffold
because its derivatives were found to possess wide spectrum
of biological activities viz. anticancer, antiviral, anti-HIV,
antibacterial, anticoagulant, anti-inflammatory, antioxidant etc, [413]. Literature reports also suggest that the coumarins have the
potential to counter the side effects associated with radiotherapy
apart from their anticancer properties. Fig. 1 illustrates the
importance of coumarin nucleus and its analogs with their potential
anticancer activities, which has attracted substantial interest from
medicinal and organic chemists and has provided an impetus for
anticancer drug discovery in recent years. Another important class
of heterocyclic scaffold is thiazolidine-2,4-dione (TZD), which in
recent time has been acknowledged as the propitious template in
drug discovery and development. Several compounds having the
TZD moiety have been developed as promising anticancer agents
[14, 15]. In recent years, the chemistry of TZDs enthralled importance
as these compounds exhibited multiple biological activities, such as
anti-hyperglycemic, anti-inflammatory, cytotoxic, antiproliferative,
antimicrobial, dual PPARα/γ activator, antimalarial, antioxidant
etc., [16-27]. During the last decade, TZDs have been extensively
studied for their anticancer activity as represented in Fig. 1. In
addition to this, several studies have extensively reported that TZDs
suppress tumour development through the proposed mechanisms
like apoptosis induction, cell cycle arrest, and differentiation in
several in vitro and in vivo models [28, 29].
Over the years, molecular hybridization based drug design
approach [30, 31] has been exploited by many researchers in order
to develop some promising new hybrid chemical entities (NHCEs),
displaying significant therapeutic values. The amalgamation of two
pharmacophores into a single molecular skeleton is a well-known
approach for developing more potent drugs with significant
© 2015 Bentham Science Publishers
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Fig. (1). Reported and Proposed structures of anticancer coumarin and thiazolidin-2,4-dione derivatives. Design of a novel series of coumarinyl substituted
thiazolidin-2,4-dione analogs using molecular hybridization approach.

increase in biological activity [32]. Owing to their well appreciated
anticancer properties, we envisaged to design hybrid structures
having substituted coumarin and substituted TZD motifs connected
with each other (See Fig. 1). Therefore, based on the above facts
and in continuation of our research programme on biologically
active hybrid molecules [33-37], we herein report the synthesis of
novel coumarinyl substituted-thiazolidin-2,4-dione hybrid analogs
(4a-4r) with their subsequent in vitro biological evaluation for
anticancer activity.
RESULTS AND DISCUSSION
Synthetic and Spectral Studies
Synthetic methods for the preparation of N-(substituted
benzoyl)-5-((2-oxo-2H-chromen-3-yl)methylene)thiazolidine-2,4dione derivatives (4a-r) are summarized in Scheme 1. From the
scheme, it is perceptible that the coumarinyl moiety and thiazolidin2,4-dione unit have been merged in these novel heterocyclic
compounds. Reaction of 5-((2-oxo-2H-chromen-3-yl)methylene)
thiazolidine-2,4-dione (3a-c) with substituted benzoyl chloride
emerged to be expedient and efficient synthetic route to obtain the

desired final compounds. The starting material i.e. thiazolidine-2,4dione (1) was synthesized as per the previously reported method
[38] by reﬂuxing equimolar quantities of thiourea and chloroacetic
acid in water for 9 h. Further, substituted 2-oxo-2H-chromenes have
been synthesized by several synthetic routes including Perkin,
Knoevenagel, Pechmann, Reformatsky etc., [39-42]. Recently,
Rao et al. [43] have reported the synthesis of 3-aroylcoumarins
by the condensation reaction of ∝-aroylketene dithioacetals and
2-hydroxyarylaldehydes. The synthesis of 6-substituted coumarin3-carbaldehyde derivatives (2a-c) was carried out by the reaction of
2-hydroxybenzaldehyde with freshly prepared propiolyl chloride in
the presence of 4-dimethylamino pyridine (DMAP, 10 mol%) and
triethylamine (5.0 equiv) in dichloromethane (DCM) as solvent at
room temperature for 9 h [44]. Out of the numerous methods that
have been utilized for the preparation of 5-arylidene derivatives
of4-thiazolidinones, Knoevenagel condensation is the most
common which is a reaction between aromatic aldehydes and
thiazolidine-2,4-diones carried out in glacial acetic acid containing
anhydrous sodium acetate [45]. The more recent methods involve
Knoevenagel condensation of aromatic aldehydes with thiazolidine2,4-dione catalyzed by a basic functionalized ionic liquid like
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Scheme 1: Synthetic outline of N-(substituted benzoyl)-5-((2-oxo-2H-chromen-3-yl)methylene)thiazolidine-2,4-dione derivatives (4a-4r)a. aReagents and
conditions: (a) H2O, Conc. HCl, reflux, 9 h; (b) Triethyl amine, DMAP, DCM, reflux, 5-9 h; (c) Piperidine, acetic acid, anhydrous toluene, reflux, 7-10 h; (d)
substituted benzoyl chloride, dry DMF, reflux 6-11 h.

piperdine [46]. Further, 5-((6-substituted-2-oxo-2H-chromen-3yl)methylene)thiazolidine-2,4-dione derivatives (3a-c) were obtained
by Knoevenagel condensation of 6-substituted coumarin-3carbaldehyde (2a-c) and thiazolidine-2,4-dione (1) in the presence
of catalytic amount of piperdine and toluene (anhydrous). Further,
the reaction of compounds (3a-c) with substituted benzoyl chloride
in the presence of DMF yielded the various final compounds
i.e. N-(substituted benzoyl)-5-((2-oxo-2H-chromen-3-yl)methylene)
thiazolidine-2,4-diones (4a-r).
Structures of compound (3a-c) and their corresponding final
hybrid derivatives (4a-r) were established on the basis of their
physicochemical (See Table 1) and spectral (IR, 1H NMR, 13C
NMR and MS) analysis. The analytical data of all the newly
synthesized compounds along with their anticipated structures are
summarized in experimental section.
In general, from IR spectra of compounds (3a-c) we observed
the prominent and informative bands, which appeared around 32593227 cm-1, 1724-1715 cm-1 and 1685-1669 cm-1 due to the presence
of C=O (carbonyl) groups of coumarin and thiazolidin-2,4-dione
respectively, thus, confirming the formation of compounds (3a-c)
from the corresponding 6-substituted coumarin-3-carbaldehyde
(2a-c) by Knoevenagel condensation reaction [46]. From 1H NMR
spectra of compounds (3a-c), it was further substantiated that the
appearance of D2O exchangeable broad singlet peak at δ 12.5412.26 ppm accounted for the N-H protons while other distinctive
singlet signal resonated at around δ 8.22-8.03 and 7.96-7.92 ppm
attributed to protons of 4th position of coumarin and methine
(CH=C) groups respectively. Further, from the IR spectra of the
title compounds (4a-4r) we observed the disappearance of band at

3259-3227 cm-1 (due to NH Str) and appearance of reasonably
sturdy characteristic bands around 1731-1718, 1704-1680, 16671653 and 1608-1594 cm-1, which are accounted for C=O (carbonyl)
groups of coumarin and thiazolidin-2,4-dione rings and C=C groups
respectively, indicating the formation of desired final compounds.
This is further corroborated from 1H-NMR spectrum (400 MHz) of
the title compounds (4a-4r), which displayed the distinguishing
singlet signals at around δ 8.88-8.69 ppm for a aromatic proton at
5th position of coumarin nucleus (in the case of 4g-4l), δ 8.62-8.37
ppm for a aromatic proton at 4th position of the coumarin ring.
Further, the most characteristic singlet signal appeared at around δ
8.18-7.94 ppm, accounting for the CH=C proton at 3rd position of
the coumarin nucleus suggesting their formation via Knoevenagel
condensation. The methoxyl (OCH3) and methyl (CH3) proton
signals were observed at around δ 3.86-3.78 ppm and δ 1.72-1.53
ppm, while the various aromatic (Ar-H) protons appeared between
δ 8.01-6.92 ppm. In 13C-NMR spectrum, the various carbon signals
corresponding to carbonyl carbon (C=O) of the coumarin and
thiazolidin-2,4-dione rings were observed around δ 186.11-180.27,
179.22-177.30, 176.42-175.25 and 167.45-163.18 ppm, respectively.
Further, the methine (-CH=C-), methoxyl (OCH3) and methyl
(-CH3-) carbon peaks resonated around δ 142.22-139.7, 56.3554.97 and 27.83-24.56 ppm, respectively. The peaks around δ
148.73-144.29 ppm were accounted for 4th carbon of coumarin
nucleus while the signals between δ 137.12-106.21 ppm were
assigned to the various aromatic carbons (Ar-C), thus confirming
the anticipated structures. Further, the elemental analysis (C, H, N)
data of the title compounds (4a-4r) were found to be within ± 0.4%
of their theoretical/calculated values, which are summarized in
Table 2.
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Physicochemical data of a novel series of N-(substituted benzoyl)-5-((2-oxo-2H-chromen-3-yl) methylene)thiazolidine-2,4-dione
derivatives (4a-4r)a.

Table 1.

O

R1

O
N
S

O

R
O

O
(4a-r)

Compound

R

R1

% Yield

Mp (°° C)

Rf Valued

Mol. Formula

Mol. Weight

4a

H

H

72.4

217-220

0.78b

C20H 11NO5 S

377.37

c

4b

H

2-Cl

60.1

250-252

0.68

C20H 10ClNO5S

411.81

4c

H

4-Cl

58.7

265-267

0.37c

C20H 10ClNO5S

411.81

4d

H

4-OCH3

65.6

238-240

0.71b

C21H 13NO6 S

407.39

b

4e

H

3-NO2

52.2

270-272

0.87

C20H 10N2O 7S

422.36

4f

H

4-CH3

62.8

262-264

0.42c

C21H 13NO5 S

391.39

4g

Br

H

67.9

234-236

0.76b

C20H 10BrNO 5S

456.26

c

C20H 9BrClNO 5S

490.71

4h

Br

2-Cl

58.2

262-264

0.60

4i

Br

4-Cl

63.3

246-248

0.75b

C20H 9BrClNO 5S

490.71

4j

Br

4-OCH3

56.5

260-262

0.84b

C21H 12BrNO 6S

486.29

4k

Br

3-NO2

58.7

274-276

0.80b

C20H 9BrN2O 7S

501.26

c

C21H 12BrNO 5S

470.29

4l

Br

4-CH3

55.1

264-266

0.59

4m

OCH3

H

62.6

228-230

0.56c

C21H 13NO6 S

407.39

4n

OCH3

2-Cl

60.4

240-242

0.55c

C21H 12ClNO6S

441.84

4o

OCH3

4-Cl

56.8

258-260

0.69b

C21H 12ClNO6S

441.84

4p

OCH3

4-OCH3

58.5

256-258

0.43c

C22H 15NO7 S

437.42

4q

OCH3

3-NO2

50.8

276-278

0.76b

C21H 12N2O 8S

452.39

222-225

c

C22H 15NO6 S

421.42

4r

OCH3

4-CH3

55.2

0.61

a

The title compounds were purified by flash chromatography using 200-400 mesh silica gel; bmobile phase: 6% methanol in dichloromethane; cmobile phase: 15% ethylacetate in
hexane; dUV light and/or iodine vapours were used as visualizing agen.

ANTICANCER ACTIVITY
Anticancer drug development has turned out to be an
enormously competitive and expensive process with soaring rate of
failure. Generally, the cytotoxic properties of most of the
chemotherapeutic agents are attributed for their anticancer activity.
Anticancer activity of these novel title compounds (4a-4r) was
assessed by MTT bioassay [47] and the cytotoxicity data (IC50
values) are given in Table 3. The synthesized compounds were
assessed for their in vitro cytotoxicity against a group of five
mammalian (human) cancer cell lines viz. hormone dependant
breast cancer cells (MCF7), cervical carcinoma cells (HeLa),
human colorectal carcinoma cells (HT29), lung cancer cells (A549)
and prostate adenocarcinoma cells (PC3). Doxorubicin was taken
as reference drug (positive control) in the study.
In general, these title compounds displayed an interesting
cytotoxicity profile against all tested cell lines, which is briefly
explained as below along with their structure activity relationship.
In case of hormone dependant breast cancer cells, almost all tested
compounds exhibited prominent cytotoxic activity with IC50 values
ranging from 0.95-35.40 μM. Four compounds (4i, 4n, 4o and 4p)
were found to be highly active out of eighteen compounds tested.
Among them, compounds 4o (IC50 = 0.95 µM) and 4i (IC50 = 1.06
µM) exhibited almost equipotent activity when compared to
reference drug Doxorubicin (IC50 = 0.82 µM), while compounds 4n
(IC50 = 4.47 µM) and 4p (IC50 = 3.78 µM) displayed considerable

anticancer activity against MCF7. Further, compounds 4b (IC50 =
8.76 µM), 4c (IC50 = 9.88 µM), 4q (IC50 = 7.85 µM) and 4r (IC50 =
6.98 µM) displayed reasonable anticancer activity against MCF7.
However, in case of HeLa cancer cell lines, three compounds from
the series exhibited potent cytotoxic activity. In particular,
compounds 4i (2.40 µM), 4n (8.15 µM) and 4o (3.20 µM)
displayed the most promising anticancer activity as compared to
reference drug Doxorubicin (IC50 = 1.37 µM) against HeLa cancer
cells. In the case of lung cancer cell lines (A549), seven compounds
were found to be active out of eighteen compounds tested. In
particular, compound 4o (IC50 = 2.38 µM) displayed the most
noteworthy anticancer activity whereas compounds 4g (IC50 = 6.84
µM), 4h (IC50 = 5.12 µM), 4i (IC50 = 3.06 µM), 4j (IC50 = 7.63
µM), 4k (IC50 = 8.75 µM) and 4l (IC50 = 9.37 µM) exhibited
moderate to good activity as compared to reference drug
Doxorubicin (IC50 = 2.13 µM) against A549 cancer cells. Further,
compound 4o exhibited the most promising cytotoxicity with IC50
values of 11.27 and 12.5 µM against human colorectal carcinoma
cells (HT29) and prostate adenocarcinoma cells (PC3) respectively,
while the other title compounds of the series tested displayed poor
or least activity.
The perusal of cytotoxicity results of title compounds revealed
that the three cell lines viz. MCF-7, HeLa and A549 cells were
more susceptible to the tested compounds. These results also
evidently indicated that the presence of 3,5-disubstitutedthiazolidin-2,4-dione nucleus contributed for enhanced anticancer
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Spectral and elemental analysis data of a novel series of N-(substituted benzoyl)-5-((2-oxo-2H-chromen-3-yl)methylene) thiazolidine-2,4dione derivatives (4a-4r).

Compound

FTIR (KBr disc, cm-1)

1

4a

3056 (Ar C-H str), 1730 (C=O Str.
of coumarin), 1698, 1684 (C=O str.
of thiazolid-2,4-dione), 1662 (C=O
Str.), 1605 (aromatic C=C str).

8.57 (s, 1H, H-4 of coumarin), 8.11 (s, 1H,
-CH=), 7.89-7.75 (m, 5H, Ar-H), 7.477.31 (m, 4H, Ar-H of coumarin).

182.33, 178.06, 176.52, 164.10, 145.74,
141.07, 135.63, 130.14, 129.34, 128.06,
125.41, 124.15, 123.70, 122.0, 119.83,
117.61, 112.15, 106.34.

4b

3087 (Ar C-H str.), 1727 (C=O Str.
of coumarin), 1701, 1688 (C=O str.
of thiazolid-2,4-dione), 1660 (C=O
Str.), 1608 (aromatic C=C str.).

8.51 (s, 1H, H-4 of coumarin), 8.06 (s, 1H,
-CH=), 7.93-7.81 (m, 4H, Ar-H), 7.497.30 (m, 4H, Ar-H of coumarin).

181.80, 179.22, 176.53, 163.45, 146.77,
145.26, 137.91, 131.07, 129.72, 128.23,
125.03, 124.86, 123.07, 121.61, 120.10,
118.92, 112.61, 106.61.

4c

3047 (Ar C-H str.), 1725 (C=O Str.
of coumarin), 1700, 1686 (C=O str.
of thiazolid-2,4-dione), 1665 (C=O
Str.), 1601 (aromatic C=C str.).

8.6 (s, 1H, H-4 of coumarin), 8.18 (s, 1H,
-CH=), 7.94-7.91 (d, 2H, J = 8.2 Hz,
Ar-H), 7.82-7.77 (d, 2H, J = 8.9 Hz, ArH), 7.55-7.46 (m, 4H, Ar-H of coumarin).

185.88, 178.14, 175.92, 165.23, 145.61,
141.42, 132.13, 130.47, 129.79, 125.14,
123.94, 122.02, 120.45, 116.56, 114.42,
112.50, 110.62, 106.66.

Anal. Calcd. for
C20H 10ClNO5S C, 58.35;
H, 2.45; N, 3.41; Found: C,
58.39; H, 2.44; N, 3.42.

4d

3062 (Ar C-H str.), 1728 (C=O Str.
of coumarin), 1698, 1683 (C=O str.
of thiazolid-2,4-dione), 1656 (C=O
Str.),1606 (aromatic C=C str.).

8.55 (s, 1H, H-4 of coumarin), 7.98 (s, 1H,
-CH=), 7.90-7.86 (d, 2H, J = 8.5 Hz,
Ar-H), 7.79-7.71 (d, 2H, J = 8.4 Hz, ArH), 7.39-7.28 (m, 4H, Ar-H of coumarin),
3.81 (s, 3H, OCH3).

184.75, 178.26, 175.83, 163.18, 145.61,
141.42, 132.13, 130.47, 129.79, 125.14,
123.94, 122.02, 120.45, 116.56, 114.42,
112.50, 110.76, 106.68, 56.35.

Anal. Calcd. for
C21H 13NO6 S C, 61.90; H,
3.22; N, 3.44; Found: C,
61.94; H, 3.24; N, 3.45.

4e

3038 (Ar C-H str.), 1731 (C=O Str.
of coumarin), 1696, 1687 (C=O str.
of thiazolid-2,4-dione), 1664 (C=O
Str.), 1605 (aromatic C=C str.).

8.62 (s, 1H, H-4 of coumarin), 8.25 (s, 1H,
Ar-H), 8.04 (s, 1H, -CH=), 7.76-7.63 (m,
3H, Ar-H), 7.37-7.24 (m, 4H, Ar-H of
coumarin).

186.11, 179.05, 176.58, 164.28, 148.73,
141.05, 134.42, 130.14, 129.50, 125.46,
123.68, 122.01, 121.73, 119.76, 115.25,
112.58, 110.54, 106.61

Anal. Calcd. for
C20H 10N2O 7S C, 56.87; H,
2.39; N, 6.63; Found: C,
56.83; H, 2.42; N, 6.68.

4f

3072 (Ar C-H str.), 2941 (Methyl CH str.), 1728 (C=O Str. of
coumarin), 1699, 1685 (C=O str. of
thiazolid-2,4-dione), 1658 (C=O
Str.), 1604 (aromatic C=C str.).

8.48 (s, 1H, H-4 of coumarin), 8.03 (s, 1H,
-CH=), 7.87-7.79 (d, 2H, J = 8.3 Hz,
Ar-H), 7.72-7.65 (d, 2H, J = 8.5 Hz, ArH), 7.38-7.23 (m, 4H, Ar-H of coumarin),
1.72 (s, 3H, CH3).

183.23, 178.66, 175.30, 165.25, 145.73,
141.06, 133.93, 130.13, 129.47, 125.32,
123.68, 121.99, 119.81, 114.43, 112.58,
110.55, 106.61, 25.49.

Anal. Calcd. for
C23H 17SN 3O4 C, 64.44; H,
3.35; N, 3.58; Found: C,
64.41; H, 3.37; N, 3.54.

4g

3073 (Ar C-H str.), 1722 (C=O Str.
of coumarin), 1704, 1685 (C=O str.
of thiazolid-2,4-dione), 1657 (C=O
Str.), 1602 (aromatic C=C str.).

8.86 (s, 1H, H-5 of coumarin), 8.48 (s, 1H,
H-4 of coumarin), 8.05 (s, 1H, -CH=),
7.91-7.8 (m, 5H, Ar-H), 7.32-7.27 (d, 2H,
J = 8.4 Hz, Ar-H of coumarin).

182.91, 178.70, 175.75, 166.38, 144.29,
141.19, 135.35, 130.14, 124.96, 123.59,
122.0, 120.90, 119.80, 112.62,
110.71, 106.69

Anal. Calcd. for
C20H 10BrNO 5S C, 52.65; H,
2.21; N, 3.07; Found: C,
52.62; H, 2.16; N, 3.10.

4i

3042 (Ar C-H str.), 1725 (C=O Str.
of coumarin), 1700, 1684 (C=O str.
of thiazolid-2,4-dione), 1661 (C=O
Str.), 1605 (aromatic C=C str.).

8.7 (s, 1H, H-5 of coumarin), 8.54 (s, 1H,
H-4 of coumarin), 8.01 (s, 1H, -CH=),
7.87-7.8 (d, 2H, J = 8.7 Hz, Ar-H), 7.637.57 (d, 2H, J = 8.2 Hz, Ar-H), 7.25-7.19
(d, 2H, J = 8.8 Hz, Ar-H of coumarin).

184.07, 178.43, 176.3, 163.25, 145.73,
142.22, 135.14, 130.20, 126.71, 123.61,
122.63, 121.02, 120.08, 121.91,
110.96, 106.93

Anal. Calcd. for
C20H 9BrClNO 5S C, 48.95;
H, 1.85; N, 2.85; Found: C,
49.01; H, 1.89; N, 2.86.

4j

3063 (Ar C-H str.), 1727 (C=O Str.
of coumarin), 1697, 1684 (C=O str.
of thiazolid-2,4-dione), 1660 (C=O
Str.), 1600 (aromatic C=C str.).

8.88 (s, 1H, H-5 of coumarin), 8.53 (s, 1H,
H-4 of coumarin), 7.97 (s, 1H, -CH=), 7.97.85 (d, 2H, J = 8.6 Hz, Ar-H), 7.66-7.62
(d, 2H, J = 8.6 Hz, Ar-H), 7.28-7.22
(d, 2H, J = 8.8 Hz, Ar-H of coumarin),
3.86 (s, 3H, OCH3).

185.44, 179.15, 175.25, 165.17, 145.22,
139.70, 129.64, 125.23, 124.43, 122.97,
121.64, 119.59, 112.49, 110.50,
106.21, 54.97.

Anal. Calcd. for
C21H 12BrNO 6S C, 51.87; H,
2.49; N, 2.88; Found: C,
51.90; H, 2.53; N, 2.92.

4l

3075 (Ar C-H str.), 2950 (Methyl
C-H str.), 1718 (C=O Str. of
coumarin), 1693, 1680 (C=O str. of
thiazolid-2,4-dione), 1654 (C=O
Str.), 1606 (aromatic C=C str.).

8.69 (s, 1H, H-5 of coumarin), 8.51 (s, 1H,
H-4 of coumarin), 8.0 (s, 1H, -CH=), 7.827.78 (d, 2H, J = 8.5 Hz, Ar-H), 7.64-7.55
(d, 2H, J = 8.9 Hz, Ar-H), 7.19-7.14
(d, 2H, J = 8.2 Hz, Ar-H of coumarin),
1.53 (s, 3H, CH3).

183.72, 178.54, 175.83, 165.2, 145.74,
141.16, 137.12, 130.16, 127.43, 125.06,
123.64, 122.06, 119.85, 112.57, 110.66,
106.67, 27.83

Anal. Calcd. for
C21H 12BrNO 5S C, 53.63; H,
2.57; N, 2.98; Found: C,
53.66; H, 2.61; N, 3.05.

4m

3047 (Ar C-H str.), 2937 (Methyl CH str.), 1728 (C=O Str. of
coumarin), 1695, 1682 (C=O str. of
thiazolid-2,4-dione), 1667 (C=O
Str.), 1597 (aromatic C=C str.).

8.45 (s, 1H, H-4 of coumarin), 8.05 (s, 1H,
-CH=), 7.88-7.71 (m, 4H, Ar-H), 7.57
(s, 1H, H-5 of coumarin), 7.04-6.97
(d, 2H, J = 7.8 Hz, Ar-H of coumarin),
3.83 (s, 3H, OCH3).

183.55, 177.89, 176.42, 167.45, 145.65,
140.04, 130.06, 125.72, 124.72, 123.39,
122.08, 119.86, 119.53, 112.91, 110.90,
106.62, 55.38

Anal. Calcd. for
C21H 13NO6 S C, 61.91; H,
3.22; N, 3.44; Found: C,
61.95; H, 3.21; N, 3.50.

4n

3055 (Ar C-H str.), 2960 (Methyl CH str.), 1721 (C=O Str. of
coumarin), 1699, 1681 (C=O str. of
thiazolid-2,4-dione), 1653 (C=O
Str.), 1594 (aromatic C=C str.).

8.44 (s, 1H, H-4 of coumarin), 7.94 (s, 1H,
-CH=), 7.83-7.68 (m, 4H, Ar-H), 7.5
(s, 1H, H-5 of coumarin), 7.1-6.95
(d, 2H, J = 8.6 Hz, Ar-H of coumarin),
3.83 (s, 3H, OCH3).

180.27, 177.30, 175.66, 166.50, 145.67,
139.92, 130.06, 126.60, 124.53, 123.42,
122.08, 119.55, 112.91, 110.87,
106.69, 55.59

Anal. Calcd. for
C21H 12ClNO6S C, 57.08;
H, 2.74; N, 3.17; Found:
C, 57.05; H, 2.71; N, 3.20.

H-NMR (400 MHz, DMSO-d6, δ, ppm)

13

C-NMR (100 MHz, DMSO-d6, δ, ppm)

Elemental (CHN) Analysis
Anal. Calcd. for
C20H 11NO5 S
C, 63.65; H, 2.94; N, 3.71;
Found: C, 63.63;
H, 2.89; N, 3.78.
Anal. Calcd. for
C20H 10ClNO5S
C, 58.34; H, 2.46; N, 3.40;
Found: C, 58.37; H, 2.49; N,
3.36.
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Compound

FTIR (KBr disc, cm )

4p

3070 (Ar C-H str.), 2944
(Methyl C-H str.), 1723
(C=O Str. of coumarin), 1703, 1686
(C=O str. of thiazolid-2,4-dione),
1659 (C=O Str.), 1600
(aromatic C=C str.).

4r

3025 (Ar C-H str.), 2943 (Methyl CH str.), 1729 (C=O Str. of
coumarin), 1700, 1686 (C=O str.
of thiazolid-2,4-dione), 1661
(C=O Str.), 1606
(aromatic C=C str.).

13

H-NMR (400 MHz, DMSO-d6, δ, ppm)

C-NMR (100 MHz, DMSO-d6, δ, ppm)

Elemental (CHN) Analysis

8.58 (s, 1H, H-4 of coumarin), 8.15
(s, 1H, -CH=), 8.01-7.88 (d, 2H, J = 8.7
Hz, Ar-H), 7.73-7.67 (d, 2H, J = 8.4 Hz,
Ar-H), 7.52 (s, 1H, H-5 of coumarin),
7.08-6.96 (d, 2H, J = 8.8 Hz, Ar-H of
coumarin), 3.85 (s, 3H, OCH 3), 3.78
(s, 3H, OCH 3).

183.46, 178.51, 175.32, 165.38,
145.66, 139.89, 130.04, 126.59,
124.49, 123.41, 122.07, 119.55,
112.88, 110.85, 106.58, 55.6

Anal. Calcd. for
C22H 15NO7 S C, 60.41; H,
3.46; N, 3.20; Found: C,
60.45; H, 3.51; N, 3.24.

8.37 (s, 1H, H-4 of coumarin), 8.02 (s, 1H,
-CH=), 7.9-7.83 (d, 2H, J = 8.2 Hz, Ar-H),
7.64-7.56 (d, 2H, J = 8.2 Hz, Ar-H), 7.47
(s, 1H, H-5 of coumarin), 7.01-6.92
(d, 2H, J = 8.8 Hz, Ar-H of coumarin),
3.84 (s, 3H, OCH3), 1.65 (s, 3H, CH3).

184.55, 178.65, 175.43, 165.27, 145.69,
140.82, 130.11, 125.90, 124.92, 123.46,
122.90, 120.82, 119.59, 118.40, 112.99,
110.97, 106.68, 55.63, 24.56

Anal. Calcd. for
C22H 15NO6 S C, 62.70; H,
3.59; N, 3.32; Found: C,
62.73; H, 3.60; N, 3.27.

In-vitro cytotoxicity activity data (IC50 )a of the newly synthesized compounds (4a-4r) against a group of five different cancer cell linesb by
MTT assay method.

Table 3.

O

R1

O
N
S

O

R
O

O
(4a-r)

Compound

R

R1

MCF7 (µM)
c

HeLa (µM)

HT29 (µM)

A549 (µM)

PC3 (µM)

4a

H

H

-

-

-

-

-

4b

H

2-Cl

8.76

32.50

21.15

29.63

39.56

4c

H

4-Cl

9.88

19.26

12.53

22.91

61.25

4d

H

4-OCH3

12.63

17.75

32.50

23.25

67.22

4e

H

3-NO2

25.26

57.02

16.54

25.50

-

4f

H

4-CH3

21.66

-

24.86

28.44

-

4g

Br

H

35.40

78.33

-

6.84

58.99

4h

Br

2-Cl

14.56

31.20

19.56

5.12

47.04

4i

Br

4-Cl

1.06

2.40

22.59

3.06

17.11

4j

Br

4-OCH3

21.28

24.51

20.73

7.63

40.56

4k

Br

3-NO2

30.90

29.18

28.69

8.75

38.34

4l

Br

4-CH3

-

71.02

39.65

9.37

-

4m

OCH3

H

27.35

16.80

22.36

-

-

4n

OCH3

2-Cl

4.47

8.15

20.59

16.53

50.03

4o

OCH3

4-Cl

0.95

3.20

11.27

2.38

12.50

4p

OCH3

4-OCH3

3.78

11.95

-

16.09

40.98

4q

OCH3

3-NO2

7.85

20.55

37.76

11.40

-

4r

OCH3

4-CH3

6.98

15.43

31.87

18.77

33.98

Standardd

-----

-----

0.82

1.37

1.51

2.13

1.60

a

Cytotoxicity results reported as IC50 (in µM) for each cell line, is the concentration of compound, which reduced by 50% the optical density of treated cells with respect to untreated
cells using the MTT assay; bHuman cell lines include MCF7 (hormone dependant breast adenocarcinoma), HeLa (cervical carcinoma), HT29 (colorectal carcinoma), A549 (lung
cancer), PC3 (prostate adeno carcinoma); c IC50 values > 100 µM were considered to be inactive indicated by (-); d Reference drug used was Doxorubicin.

activity, which is in agreement with previously reported studies
[5,10,13,18,24]. In addition, the presence of electron withdrawing
such as nitro- or chloro- group at 4th- position of phenyl ring and

interestingly bromo and methoxyl- groups on coumarin ring was
found to be more preferential for cytotoxic effect against selected
cancer cell lines than other features among this class of compounds.
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Thus, the title compounds (4a-4r) having two heterocyclic rings i.e.
coumarin and thiazolidin-2,4-dione scaffolds exhibited encouraging
anticancer activity.

Palkar et al.

General Procedure for the Synthesis of 6-substituted Coumarin-3carbaldehyde Derivatives (2a-c) [44]

We herein report the synthesis, spectral studies and anticancer
activity of a novel set of eighteen N-(substituted benzoyl)-5-((2oxo-2H-chromen-3-yl)methylene)thiazolidine-2,4-dione
(4a-4r)
derivatives. The in vitro anticancer results obtained indicated that
compounds 4i and 4o displayed the most promising activity among
the series. From the brief SAR studies it was concluded that the
presence of chloro group on phenyl ring and bromo/methoxyl group
on the coumarin nucleus was favorable for substantial increase in
anticancer activity. In conclusion, the combination of structural
simplicity, ease of synthetic exploitation and encouraging
cytotoxicity displayed by these title compounds further offers a
novel template for development of a potent class of anticancer
agents.

A mixture of anhydrous triethyl amine (0.5 mol, 5 equiv) and
catalytic amount of 4-dimethylaminopyridine (DMAP, 10 mol%)
was added to a well stirred solution of a substituted salicyladehyde
(0.1 mol, 1 equiv) in dichloromethane (DCM, 75 mL) at room
temperature. A solution of freshly prepared propiolyl chloride
[separately prepared by refluxing propiolic acid (1.2 equiv) in
SOCl2 for 4 h, followed by removal of excess of SOCl2] in DCM
(50 mL) was slowly added to the reaction mass and stirring was
continued at room temperature for 5-9 h. The reaction mixture was
poured into 75 mL of water and then extracted with DCM (4 times
X 25 mL), washed with ice cold water (3 times X 15 mL), brine (20
mL) and dried over anhydrous sodium sulfate. The excess solvent
was removed in-vacuo to yield crude mass, which were further
purified by column chromatography over silica gel (230–400 mesh)
using ethyl acetate: n-hexane as an eluent to afford the desired
products of 2a-c.

EXPERIMENTAL

2-Oxo-2H-chromene-3-carbaldehyde (2a)

CONCLUSION

Chemistry Protocols
The analytical grade (AR) chemicals and reagents were
purchased from Lancaster Co. (Ward Hill, MA, USA) or Sigma–
Aldrich (St. Louis, Missouri, USA) and used without further
purification. The reference drug (Doxurubicin) was obtained as a
gift sample from Sapco Laboratories (India) Pvt. Ltd., Chennai
(Tamilnadu, India). Solvents except for laboratory reagent grade
were dried and purified according to the literature when necessary.
The purification of synthesized title compounds was performed on
flash chromatography SP-01 (Biotage, Sweden). The thin-layer
chromatography (TLC) was used to monitor the progress of
reactions and purity of compounds, which was performed on ready
to use silica gel plates of E. Merck and Co. (Darmstadt, Germany).
The mobile phase used was methanol (6%) in dichloromethane
while UV light and/or iodine vapours were used as visualizing
agent.
Melting points were determined in open capillaries using
Thermonik (Mumbai, India) melting point apparatus and are
uncorrected. IR spectra were recorded on FT-IR spectrophotometer
(Perkin Elmer 100) with universal ATR sampling accessory. The
1
H-NMR and 13C-NMR were recorded on NMR spectrometer
(Bruker AVANCE 400, Germany) at 400 and 100 MHz
respectively using appropriate solvent. Tetrametyl silane (TMS)
was used as internal standard and chemical shifts are reported in δ
ppm units. The Heraus CHN rapid analyzer was used to perform the
elemental analysis (C,H,N) for the compounds.
Synthesis of Thiazolidine-2,4-dione (1) [38]
To a continuously stirred solution of chloroacetic acid (0.25
mol, 23.625 g) dissolved in 25 mL of distilled water, a solution of
thiourea (0.25 mol, 19.03 g, 1 equiv) dissolved in 25 mL of water
was slowly added under ice cold conditions (0-5 °C). The solution
was further stirred for 30 min until a white precipitate of 2-iminothiazolidine-4-one intermediate was formed along with
considerable cooling. To this reaction mixture, Conc. hydrochloric
acid (20 mL) was then added slowly from a dropping funnel and
reﬂuxed for 9 h at 100–110 °C. The reaction progress was
monitored by TLC. After cooling, the precipitate was separated by
filtration, washed with cold water to remove traces of hydrochloric
acid and dried. The residue was recrystallized in ethanol to yield
white crystals of 2,4-thiazolidinedione (1). Yield: 82.5 %. Mp:
124-126 °C. FTIR (KBr disk, νmax, cm-1): 3395 (N-H Str.), 2905
(C-H Str.), 1688, 1671 (C=O Str.), 725 (C-S-C Str.). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 12.42 (s, 1H, NH), 4.05 (s, 2H, -CH2-).
EIMS m/z:

Yield: 47%. Mp: 135-137 °C. FTIR (KBr disk, νmax, cm-1):
3053, 2925 (C-H Str.), 1715 (C=O Str. of coumarin), 1693 (C=O
Str. of 3-formyl group). 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
10.84 (s, 1H, CHO), 8.42 (s, 1H, H-4 of coumarin), 7.74-7.69 (m,
2H, ArH), 7.37-7.32 (m, 2H, ArH). EIMS m/z: 175.06 (M+).
6-Bromo-2-oxo-2H-chromene-3-carbaldehyde (2b)
Yield: 58%. Mp: 158-160 °C. FTIR (KBr disk, νmax, cm-1):
3066, 2934 (C-H Str.), 1726 (C=O Str. of coumarin), 1685 (C=O
Str. of 3-formyl group). 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
10.91 (s, 1H, CHO), 8.78 (s, 1H, H-5 of coumarin), 8.37 (s, 1H, H4 of coumarin), 7.46-7.43 (m, 2H, ArH). EIMS m/z: 253.86
(M+ + 2)
6-Methoxy-2-oxo-2H-chromene-3-carbaldehyde (2c)
Yield: 63%. Mp: 118-120 °C. FTIR (KBr disk, νmax, cm-1):
3052, 2960 (C-H Str.), 1722 (C=O Str. of coumarin), 1689 (C=O
Str. of 3-formyl group). 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
10.75 (s, 1H, CHO), 8.44 (s, 1H, H-4 of coumarin), 7.59 (s, 1H,
H-5 of coumarin), 7.17-7.12 (m, 2H, ArH). EIMS m/z: 204.06
(M+)
General Procedure for the Synthesis of 5-((6-substituted-2-oxo2H-chromen-3-yl)methylene) Thiazolidine-2,4-dione derivatives
(3a-c) [46]
To a persistently stirred suspension of thiazolidine-2,4-dione
(1, 0.05 mol, 5.856 g, 1 equiv) in anhydrous toluene (50 mL), the
corresponding 6-substituted-2-oxo-2H-chromene-3-carbaldehyde
(2a-c, 0.05 mol, 1 equiv), a catalytic quantity of piperidine (0.00625
mol, 0.125 equiv) and glacial acetic acid (0.005 mol, 0.1 equiv)
were added. The reaction mixture was heated at reflux temperature
for about 7-10 h, until no water appeared (monitored with a Dean
Stark apparatus). The solvent was removed in-vacuo and the
resultant residue was collected, washed with cold n-hexane and
recrystallized from ethyl acetate to afford the compounds 3a-c.
5-((2-oxo-2H-chromen-3-yl)methylene)thiazolidine-2,4-dione (3a)
Yield: 78.3%. Mp: 184-186 °C. FTIR (KBr disk, νmax, cm-1):
3234 (N-H Str.), 3020 (C-H Str.), 1719 (C=O Str. of coumarin),
1678, 1669 (C=O Str. of thiazolidine-2,4-dione). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 12.47 (s, 1H, NH), 8.22 (s, 1H, H-4 of
coumarin), 7.95 (s, 1H, CH=C), 7.44-7.29 (m, 4H, ArH of
coumarin). 13C-NMR (100 MHz, DMSO-d6, δ, ppm): 176.26,
172.83, 163.18, 147.80, 142.75, 135.35, 129.18, 124.73, 122.41,
118.36. EIMS m/z: 273.31 (M+).
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5-((6-bromo-2-oxo-2H-chromen-3-yl)methylene)thiazolidine-2,4dione (3b)
Yield: 86.5%. Mp: 195-197 °C. FTIR (KBr disk, νmax, cm-1):
3227 (N-H Str.), 3028 (C-H Str.), 1715 (C=O Str. of coumarin),
1677, 1672 (C=O Str. of thiazolidine-2,4-dione). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 12.26 (s, 1H, NH), 8.35 (s, 1H, H-5 of
coumarin), 8.03 (s, 1H, H-4 of coumarin), 7.92 (s, 1H, CH=C),
7.23-7.18 (d, 2H, J = 8.5 Hz, ArH of coumarin). 13C-NMR (100
MHz, DMSO-d6, δ, ppm): 177.51, 173.32, 162.38, 145.66, 142.80,
136.24, 127.59, 125.49, 122.41, 120.07, 117.50. EIMS m/z: 354.23
(M+ + 2).
5-((6-methoxy-2-oxo-2H-chromen-3-yl)methylene)
2,4-dione (3c)

thiazolidine-

Yield: 82.1%. Mp: 178-180 °C. FTIR (KBr disk, νmax, cm-1):
3259 (N-H Str.), 3039 (C-H Str.), 1724 (C=O Str. of coumarin),
1685, 1670 (C=O Str. of thiazolidine-2,4-dione). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 12.54 (s, 1H, NH), 8.34 (s, 1H, H-5 of
coumarin), 8.11 (s, 1H, H-4 of coumarin), 7.96 (s, 1H, CH=C),
7.30-7.24 (d, 2H, J = 8.5 Hz, ArH of coumarin), 3.81 (s, 3H,
OCH3). 13C-NMR (100 MHz, DMSO-d6, δ, ppm): 175.30, 167.25,
155.50, 145.33, 138.70, 131.93, 128.47, 124.32, 122.68, 120.68,
118.24, 56.25. EIMS m/z: 304.15 (M+ + 1).
General Procedure for the Synthesis of N-(substituted benzoyl)-5((2-oxo-2H-chromen-3-yl)methylene)
Thiazolidine-2,4-dione
Derivatives (4a-r) [48]
To a constantly stirred solution of 5-((6-substituted-2-oxo-2Hchromen-3-yl)methylene) thiazolidine-2,4-dione (one of 3a-c, 0.01
mol, 1 equiv) in dry DMF (15 mL), an appropriately substituted
benzoyl chloride (0.01 mol, 1 equiv) was gradually and cautiously
added. The reaction mixture was refluxed for 6-11 h until the
absence of TLC spot of starting materials. The reaction mass was
poured in ice cold water and extracted with DCM (3 times X 15
mL). The collective extracts were washed with water and dried over
anhydrous sodium sulphate. The residue obtained after the in-vacuo
removal of dichloromethane was further recrystallized from ethanol
to yield the title compounds (4a-r). The physicochemical, spectral
(IR, 1H-NMR and 13C-NMR) and elemental analysis data of the
synthesized compounds are depicted in Tables 1 and 2, respectively.

were added to cells of each well while the control wells received
the same volume of medium containing 0.1% DMSO. After 24 h
incubation, 10 μL of freshly prepared MTT [3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl tetrazolium bromide; Sigma M 2128; 1 mg/mL]
solution was slowly added in each well and the microplates were
incubated at 37 °C for an additional 4 h. Furthermore, a 100 µL
DMSO was added in the viable cells in order to solubilize the
colored compound (Formazan) produced. The suspension was
swirled for 5 min and optical density (absorbance) was recorded at
540 nm using a SpectraMax 190 Microplate ELISA reader
(Molecular Devices Inc. USA). The experiment was performed in
triplicate. The percentage cytotoxicity and IC50 values were
determined. IC50 value is the concentration (reported in μM)
required for 50% inhibition of cell growth as compared to that of
untreated control.
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Premna serratifolia (Syn: Premna integrifolia) is an important medicinal herb
known as “Agnimantha” in Ayurveda and traditionally used for anticancer
activity. The objective of present study was to isolate the cytotoxic phytoconstituents from the n-hexane soluble fraction of P. serratifolia leaf extract.
Unsaponifiable portion of n-hexane soluble fraction was subjected to silica
based column chromatography. The major constituents present in all the subfractions were identified by TLC and phytochemical tests. Two constituents
were isolated and they were purified. Sub-fractions with isolates were tested
for cytotoxic effect by BSL bioassay. Two isolates were found to be active and
which were tested on cancer cell lines MCF-7 and HT-29 for their cytotoxicity.
Among two isolates, one compound has shown significant cytotoxicity. From
the results we conclude that the plant isolates showed cytotoxicity against
selected human cancer cell lines.

Introduction
Premna serratifolia Linn., commonly known as Arni or
Agnimantha, is a large shrub or a small tree common
along the Indian peninsular and Andaman coast.
Pharmacologically, it has been reported to have
activities such as hepatoprotective (Vadivu et al., 2009),
immunomodulatory, cardiac stimulant, antibacterial,
cytotoxic, antiarthritic, anti-inflammatory (Biradi and
Hullatti, 2013), anti-diabetic (Mujumder et al., 2014),
anti-oxidant (Mali et al., 2014), anti-obesity and used in
treatment of tumors (Cragg and Newman, 2005).
Plant derived cytotoxic constituents have played an
important role in the development of clinically useful
anticancer agents (Cragg and Newman, 2005). Various
cytotoxic constituents have been isolated from plants
and which are used as anti-cancer agents.
Among all cancer types breast cancer is the most
common disease in women worldwide with high
mortality rate (18%) and relative risk factors, including
dietary factors (Ahmed et al., 2014). Colorectal cancer is
the third most leading cause of cancer death in both

men and women. About 96% of colorectal cancers are
adenocarcinomas, which evolve from glandular tissue
(Anonymous, 2013).
However, the efficacy and effect of currently available
drugs is very limited and are more toxic on normal
cells. By increasing the use of existing knowledge with
newer and established screening tests the majority of
these cancers and deaths could be prevented.
Although various extracts of P. serratifolia are reported
to have cytotoxic activity in the literature (Selvam et al.,
2009; Singh, 2011), there are no reports available on
isolation based study. As part of ongoing investigation
P. serratifolia plant has been selected for bioactivity
guided isolation and here cytotoxic activity of two
isolated constituents from the n-hexane soluble fraction
(unsaponifiable portion) of methanolic extract of P.
serratofolia leaves on human cancer cell lines.

Materials and Methods
Collection and authentication of plant material

This work is licensed under a Creative Commons Attribution 3.0 License. You are free to copy, distribute and perform the work. You must attribute the work in the
manner specified by the author or licensor.
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Leaves of P. serratifolia were collected from the premises
of Regional Medical Research Centre, (ICMR), Belgaum
during January 2011 and authenticated by Dr. Harsha
V. Hegde, Scientist ‘B’ RMRC, Belgaum, India. The
voucher specimen is deposited in ICMR Herbarium
repository (Accession Number RMRC-554).
Extraction, fractionation and cytotoxicity by BSL
assay
The extraction and fractionation of P. serratofolia leaves
has been done according modified Cos et al., 2006.
Based on the results of previous study (Biradi and
Hullatti, 2013), n-hexane soluble fraction was taken up
for present study.
Phytochemical investigation
Phytochemical investigation of isolates was carried out
according to the standard procedure (Trease and Evans,
2005; Sandjo and Kuete, 2013).
Optimization of TLC system
Different solvents systems were tried for developing a
TLC system for identification of constituents in the
extracts and the one with good resolution was selected
as the mobile phase for the study. Toluene: Ethyl
acetate: Glacial acetic acid (7:2:1) was found to be the
most suitable solvent system for n-hexane fractions as it
gave maximum number of bands.
Isolation of the phytoconstituents
Unsaponifiable portion of n-hexane soluble fraction was
subjected to silica based column chromatography. The
different fractions were generated using gradient
elution technique using petroleum ether, chloroform
and acetone with increasing the polarity. Five subfractions (SF) generated from unsaponifiable portion
(i.e. PS/F1/USM). The chemical nature of all the sub
fractions was established by TLC (Plate No. 1-3) and
chemical tests (Table I).
Processing of the isolated precipitates
The sub fractions PS-01 and PS-02 were purified by
washing with cold methanol followed by ethanol. The
solid mass was weighed and collected in previously
labelled eppendorf tubes and stored in a desiccator.
In vitro cytotoxicity of the isolated compounds on
selected cell lines
Brine shrimp lethality (BSL) bioassay
BSL assay was performed for all the five sub fractions to
confirm the cytotoxic activity and only the isolates
which shown the cytotoxicity were subjected for cell
line studies.

for in vitro cytotoxicity studies using human cancer cell
lines MCF-7 (breast carcinoma) and HT-29
(adenocarcinoma).
Cell lines and culture medium (Koba et al., 2009)
HT-29 (adenocarcinoma) and MCF-7 (breast carcinoma)
cell lines were procured from National Centre for Cell
Sciences (NCCS), Pune, India. Stock cells were cultured
in 25 cm2 culture flasks in Dubelcco's Modified Eagle's
Minimum Essential Medium (DMEM) supplemented
with 10% inactivated fetal bovine serum (FBS), penicillin (100 IU/mL), streptomycin (100 mg/mL) and
amphotericin B (5 mg/mL) in an humidified atmosphere of 5% CO2 at 37°C until confluent. The cells were
dissociated with TPVG solution (0.2% trypsin, 0.02%
EDTA, 0.05% glucose in PBS).
Preparation of test solutions
Stock solution of 1 mg/mL concentration of each test
drugs were prepared separately by dissolving in
distilled DMSO and made volume with DMEM in 2%
FBS and filtered. Serial two fold dilutions were
prepared from this for carrying out cytotoxic studies.
Determination of cell viability by MTT assay
The monolayer cell culture was trypsinized and the cell
count was adjusted to 1.0 x 105 cells/mL using DMEM
containing 10% FBS. To each well of the 96-well
microtitre plate, 0.1 mL of the diluted cell suspension
(approximately 10,000 cells) was added. After 24 hours,
supernatant was flicked off upon formation of partial
monolayer. Then washed the monolayer once with
medium and 100 mL of different test concentrations
(62.5 to 1000 µg/mL) of test drugs were added on to the
monolayer in microtitre plates. The plates were then
incubated at 37°C for 3 days in 5% CO2 atmosphere and
observations were noted every 24 hours interval by
microscopic examination. After 72 hours, the drug
solutions in the wells were discarded and 50 mL of
MTT in PBS was added to each well. The plates were
gently shaken and incubated again for 3 hours. The
supernatant was removed and 100 mL of propanol was
added and the plates were gently shaken to solubilize
the formed formazan. The absorbance was measured
using a microplate reader at a wavelength of 540 nm.
The percentage growth inhibition was calculated using
the following formula and concentration of test drug
needed to inhibit cell growth by 50% (CTC50) values is
generated from the dose-response curves for each cell
line.
%Growth inhibition = (Mean OD of individual test
group/Mean OD of control group) × 100

Cytotoxicity of the active compounds on MCF-7 and
HT-29 cell lines

Results and Discussion

The active fractions from BSL bioassay were subjected

The study was taken to identify the constituents
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Plate. No 1: Visualization at UV 254 nm;
Solvent system: Toluene: Ethyl acetate:
Glacial acetic acid (7:2:1)

Table I
Cytotoxicity screening of the column sub-fractions
(BSL assay)
Fractions
PS-01
PS-02
PS-03
PS-04
PS-05

LC50
54.6a
30.8a
323.3
143.6
209.6

The fractions with LC50 values ≤100 μg/mL were considered as
active fractions
aNote:

120
120

PS-01
PS-02

100
100
%Growth inhibition

responsible for cytotoxic activity of P. serratifolia leaf
extract. The n-hexane soluble fraction (F1) has shown
significant cytotoxicity in the earlier studies (Biradi and
Hullatti, 2013). The unsaponifiable portion which was
rich in steroids and triterpenoids was subjected for
further fractionations using column chromatography.
The column chromatography has yielded 5 subfractions (PS-01 to PS-05) with gradient elution. Out of
these 5 sub-fractions, PS-01 and PS-02 were found
single compound fractions as identified by TLC. The
chemical tests and TLC has shown that all the 5 subfractions are triterpenoids in nature. The BSL bioassay
of these sub-fractions has indicated that PS-01 and PS02 are more cytotoxic than other 3 sub-fractions LC50
values are depicted in Table II. Further after purification these 2 fractions were analysed on MCF-7 and HT29 cell lines. Result of this study has indicated that the
sub-fractions PS-02 has significant cytotoxicity in both
the cell lines which are depicted in Figure 1 and 2 (LC 50
value 100.0 and 99.9 µg/mL respectively). Various
authors have reported cytotoxic activity of number of
triterpenoids such as ursolic acid, oleane and sterols
from different plants (Da Silva Filho et al., 2009;
Awasare et al., 2012). These data indicate that the
certain triterpenoids of P. serratifolia may be useful as
cytotoxic component that needs further characterization
to identify the structure.
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Figure 1: Graphical representation of cytotoxic effect of drugs
on MCF-7 cell line

Plate. No 2: Visualization at UV 366 nm;
Solvent system: Toluene: Ethyl acetate:
Glacial acetic acid (7:2:1)

Plate. No 3: Visualization after derivatization by ANS spray;
Solvent system: Toluene: Ethyl acetate:
Glacial acetic acid (7:2:1)

Plates 1-3: TLC of sub-fractions at different pre and post derivatization

Table II
TLC profile of the column sub-fractions
Fractions
PS-01
PS-02
PS-03
PS-04
PS-05

Gradient program
Petroleum ether
CHCl3:PE (1:4)
CHCl3/PE (1:1)
CHCl3
Me2CO

Physical nature
Yellowish and amorphous
White and amorphous
Yellowish and sticky
Yellowish and sticky
Brownish and sticky

Number of spots observed
2
1
3
2
2

Rf value
0.82, 0.62
0.65
0.69, 0.49, 0.36
0.69, 0.36
0.69, 0.33
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PS-02
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%Growth inhibition

Biradi M, Hullatti K. Screening of Indian medicinal plants for
cytotoxic activity by brine shrimp lethality (BSL) assay and
evaluation of their total phenolic content. Drug Dev Ther.
2014; 5: 139-44.
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Cos P, Vlietinck AJ, Berghe DV, Maes L. Anti-infective potential of natural products: How to develop a stronger in vitro
proof-of-concept. J Ethnopharmacol. 2006; 106: 290–92.

60
60
40
40

Cragg GM, Newman DJ. Plant as a source of anti-cancer
agents. J Ethnopharmacol. 2005; 100: 72-79.
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Da Silva Filho AA, Resende DO, Fukui MJ, Santos FF, Pauletti
PM, Cunha WR, et al. In vitro antileishmanial, antiplasmodial and cytotoxic activities of phenolics and triterpenoids
from Baccharis dracunculifolia D.C. (Asteraceae). Fitoterapia.
2009; 80: 478–82.

Figure 2: Graphical representation of cytotoxic effect of drugs
on HT-29 cell line

Evans WC. ‘Trease and Evans’ Pharmaconosy. 15th ed. London:
W. B. Saunders Company Ltd; 2005.

From the present study, the triterpenoids of P.
serratifolia provide a new insight into the anti-cancer
approach.

Koba K, Sanda K, Guyon C, Raynaud C, Chaumont JP, Nicod
L. In vitro cytotoxic activity of Cymbopogon citratus L. and
Cymbopogon nardus L. essential oils from to go. Bangladesh J
Pharmacol. 2009; 4: 29-34
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Abstract A series of novel Schiff bases of [1,2,4]triazole-bearing haloarene moiety (5a–l) were synthesized
from 4-amino-3-methyl-5-mercapto-4H-[1,2,4]triazole (3)
and were confirmed by FT-IR, 1H-NMR, 13C-NMR, LCMass spectra and elemental analyses and screened for
in vitro antituberculosis properties and for neutrophil
function test, where they exhibited moderate neutrophil
functions and antituberculosis properties. Compounds (5a),
(5c), (5f), (5h) and (5i) were moderately sensitive to antituberculosis activity, while (5a), (5b), (5g) and (5h) were
sensitive for neutrophil functions in the series. The acute
oral toxicity studies on the Swiss albino mice according to
the OECD/OCDE guidelines 423 confirmed that the compounds were slightly toxic and hence they may be considered as drug candidates for microbial pathogens. The
antituberculosis studies by both ZOI and MIC tests confirmed that the novel derivatives are moderately sensitive
towards Mycobacterium tuberculosis (H37RV) strain.
Keywords [1,2,4]triazole  Schiff bases 
Haloarene moiety  Antituberculosis studies 
Neutrophil function test
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Introduction
The compounds with c group (–CH=N–) are popularly
known as the Schiff bases (March, 1985). They are synthesized by the condensation of primary amines and active
carbonyl groups. In general, a Schiff base is a nitrogen
analogue of an aldehyde or ketone in which the >C=O
group is replaced by [C=N–R group. Schiff bases have
drawn the attention of researchers and have surfaced to
prominence due to ease in synthesis and possession of
important pharmacological activities. Schiff bases derived
from different heterocyclic compounds have been found to
possess antibacterial, antifungal, anticancer and antiviral
(Holla et al., 1998; Yadav and Singh, 2001; Vinci et al.,
2003; Ashok et al., 2007), anticonvulsant (Chaubey and
Pandeya, 2012), antiproliferative (Bayrak et al., 2009),
herbicidal (Holla et al., 2000) and antituberculosis activity
(Fokes et al., 2005). In addition to all these, they play vital
role in inorganic chemistry as ligands, e.g.: copper (II)
complex of the Schiff base salicylaldoxime, salen (a
common tetra-dentate ligand) and Jacobson’s catalyst
(Molina and Mederos, 2003).
In addition to the observation on Schiff bases, it is
observed that numerous research articles have reported of
[1,2,4]triazoles as possessing excellent antibacterial, antifungal and anticancer (Holla et al., 2006), antitubercular
(Walczak et al., 2004), analgesic and anti-inflammatory
properties (Amir and Shikha, 2004). Moreover, [1,2,4]triazole core is incorporated in wide variety of therapeutically
interesting molecules to transform them into better drugs.
Some of the present day drugs with triazole nucleus include
ribavirin (antiviral agent), rizatriptan (antimigraine agent),
alprazolam (anxiolytic agent), fluconazole, itraconazole
(antifungal agent) (Karthikeyan et al., 2006), etc.
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Gathering the facts together, it was decided to synthesize
novel Schiff bases bearing [1,2,4]triazole and haloarene
moiety. Earlier, a number of biologically active Schiff bases
have been reported from our laboratory; hence, to continue
the legacy of synthesizing novel Schiff bases, 4-amino-3methyl-5-mercapto-4H-[1,2,4]triazole was chosen as the
starting material. The synthesis, results and biological activities of the novel Schiff bases (5a–l) are discussed herein.

Experimental section
Melting points of the novel Schiff bases, namely 4-[(benzylidene)amino]-3-methyl-5-mercapto-4H-[1,2,4]triazole (5a–l)
were determined in an open capillary tubes and are uncorrected. The purity of synthesized compounds was checked by
TLC observing a single spot on Merck silica gel 60 F254-coated
alumina plates. The structures of novel Schiff bases (5a–l)
were confirmed by spectral studies. The FT-IR spectra (cm-1)
were recorded on a Thermo Nicolet Avatar 370 Infrared
spectrophotometer in KBr pellets. The 400 MHz 1H-NMR and
13
C-NMR spectra were recorded on a Bruker Avance III
400 MHz spectrometer using DMSO-d6 solvent and TMS as
the internal standard. All the chemical shift values are reported
in d-scale downfield from TMS. The Mass spectra were
recorded on PerkinElmer 018444-Y Triple Quadruple LC/MS
Spectrometer, and the elemental analyses were carried out on
an Elementar Vario EL III analyzer.
Procedure for the preparation of 4-amino-3-methyl5-mercapto-4H-[1,2,4]triazole (3) (Reid and Heindel,
1976)
The synthesis of 4-amino-3-methyl-5-mercapto-4H-[1,2,4]triazole (3) was done according to the well-described procedure in the literature (Reid and Heindel, 1976). A mixture
of thiocarbohydrazide (1) (1eq) was fused with an excess of
acetic acid (2) at reflux temperature for 8 h. The progress of
the reaction and the purity of the compound were checked
by TLC. The reaction mixture was cooled and poured into
crushed ice. The solid separated was collected by filtration
and recrystallized from ethanol to yield needle-shaped
crystals. The melting point was noted which was in conformity with the literature value (m. p. 202–204 °C, yield
55 %) (CAS No. 20939-15-5) (Scheme 1).
Procedure for the preparation of novel Schiff bases:
4-[(benzylidene)amino]-3-methyl-5-mercapto-4H[1,2,4]triazole (5a–l) (Karthikeyan et al., 2006)
A mixture of 4-amino-3-methyl-5-mercapto-4H-[1,2,4]triazole (3) (0.01 mol) and substituted aromatic aldehyde (4)
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Scheme 1 Preparation of novel Schiff bases (5a–l)

(0.01 mol) was refluxed for 12 h in DMF and ethanol
solvent (1:2) and a catalytic amount of Conc. H2SO4 acid.
The progress of the reaction was monitored by TLC. The
reaction mixture was poured into crushed ice. The solid
mass obtained was filtered, washed with excess of water,
dried and recrystallized from ethanol and DMF mixture to
yield the title compound. Melting points of the novel Schiff
bases (5a–l) were noted (Scheme 1). The characterization
data are given in Table 1.
The spectroscopic data
4-Amino-3-methyl-5-mercapto-4H-[1,2,4]triazole (3) IR
(KBr, cm-1): 3342, 3270 (asymmetric and symmetric
stretch, –NH2), 2942 ([C–H stretch, –CH3 of 1,2,4-triazole), 2580 (–SH stretch), 1579, 1507 ([C=N–), 1476
([N–N\ stretch) and 1214 ([C–S– stretch). 1H-NMR
(DMSO-d6, d ppm): 2.24 (3H, s, –CH3 of 1,2,4-triazole),
5.46 (2H, s, –NH2 of 1,2,4-triazole) and 13.38 (1H, s,
–SH of 1,2,4-triazole). 13C-NMR (d ppm): 10.35 (–CH3,
1,2,4-triazole), 149.12 ([C–CH3, 1,2,4-triazole) and
165.01 ([C–SH, 1,2,4-triazole). LC-Mass, [M??1], (m/z):
131.00. Anal. Cald for C3H6N4S: C, 27.68; H, 4.65; N,

Med Chem Res
Table 1 Characterization data of Schiff bases (5a–l)

Compound

R

Mol. formula (mol. wt)

m. p. (°C) (yield %)

% Composition found (Cald)
C

H

N

C10H8F2N4S (254.29)

178–180 (74)

47.23 (47.24)

3.19 (3.17)

22.02 (22.04)

C10H8BrFN4S (314.25)

214–216 (66)

38.10 (38.11)

2.57 (2.56)

17.77 (17.78)

C10H8F2N4S (254.29)

212–214 (72)

47.23 (47.24)

3.18 (3.17)

22.03 (22.04)

3-Br-4-F

C10H8BrFN4S (314.25)

188–190 (68)

38.10 (38.11)

2.57 (2.56)

17.77 (17.78)

5e

2-Cl-5-F

C10H8ClFN4S (270.26)

224–226 (65)

44.35 (44.37)

2.99 (2.98)

20.69 (20.70)

5f

4-Cl-3-F

C10H8ClFN4S (270.26)

204–206 (69)

44.36 (44.37)

2.99 (2.98)

20.69 (20.70)

5g

3,4,5-F3

C10H7F3N4S (272.24)

176–178 (68)

44.11 (44.12)

2.60 (2.59)

20.57 (20.58)

5h

2,3,4-F3

C10H7F3N4S (272.24)

184–186 (72)

44.10 (44.12)

2.60 (2.59)

20.58 (20.58)

5i

3-Cl-2-F

C10H8ClFN4S (270.26)

214–216 (70)

44.36 (44.37)

2.99 (2.98)

20.69 (20.70)

5j
5k

2-Cl-4-F
2,4-Cl2

C10H8ClFN4S (270.26)
C10H8Cl2N4S (286.26)

220–222 (68)
200–202 (75)

44.36 (44.37)
41.81 (41.82)

2.99 (2.98)
2.82 (2.81)

20.69 (20.70)
19.51 (19.51)

5l

3,4-Cl2

C10H8Cl2N4S (286.26)

230–232 (73)

41.81 (41.82)

2.82 (2.81)

19.50 (19.51)

5a

2,4-F2

5b

4-Br-2-F

5c

2,5-F2

5d

43.04. Found: C, 27.67; H, 4.66; N, 43.03. m.
p. 202–205 °C; yield: 55 %.
4-[(2,4-Difluorobenzylidene)amino]-3-methyl-5-mercapto4H-[1,2,4]triazole (5a) IR (KBr, cm-1): 3070 ([C–H
stretch, 2,4-difluorophenyl moiety), 2936 ([C–H stretch,
–CH3 attached to 1,2,4-triazole), 2652 (–SH stretch), 1594,
1502, 1382 ([C=N–, [C=C\), 1428 ([N–N\ stretch),
1273 ([C–S– stretch), 1095 and 965 (C–F, 2,4-difluorophenyl moiety). 1H-NMR (DMSO-d6, d ppm): 2.37 (3H,
s, –CH3 of 1,2,4-triazole), 7.27–7.32 (1H, m, 2,4-difluorophenyl moiety), 7.45–7.51 (1H, m, 2,4-difluorophenyl
moiety), 8.12–8.18 (1H, m, 2,4-difluorophenyl moiety),
10.46 (1H, s, benzylidene proton, –N=CH–Ar), 13.77 (1H,
s, –SH of 1,2,4-triazole). 13C-NMR (d ppm): 10.57 (–CH3
of 1,2,4-triazole), 148.64 (C–CH3 of 1,2,4-triazole),
116.82, 116.92, 129.02, 129.12, 153.63 and 160.74
(6C atoms, 2,4-difluorophenyl moiety), 163.42 ([C–S–,
1,2,4-triazole) and 163.69 (C atom, benzylidene,
–N=CH–Ar). LC-Mass, [M??1], (m/z): 255.06 and
[M??3], (m/z): 257.05.
4-[(4-Bromo-2-fluorobenzylidene)amino]-3-methyl-5-mercapto-4H-[1,2,4]triazole (5b) IR (KBr, cm-1): 3065

([C–H stretch, 4-bromo-2-fluorophenyl moiety), 2946
([C–H stretch, –CH3 attached to 1,2,4-triazole), 2577
(–SH stretch), 1588, 1491, 1342 ([C=N–, [C=C\), 1409
([N–N\stretch), 1285 ([C–S– stretch), 1021 and 748 (C–
F and C–Br of 4-bromo-2-fluorophenyl moiety). 1H-NMR
(DMSO-d6, d ppm): 2.38 (3H, s, –CH3 of 1,2,4-triazole),
7.61 (1H, d, J = 8.4 Hz, 4-bromo-2-fluorophenyl moiety),
7.78 (1H, t, 4-bromo-2-fluorophenyl moiety), 8.01 (1H, t,
4-bromo-2-fluorophenyl moiety), 10.56 (1H, s, benzylidene
proton, –N=CH–Ar), 13.79 (1H, s, –SH of 1,2,4-triazole).
13
C-NMR (d ppm): 10.63 (–CH3 of 1,2,4-triazole), 148. 80
(C–CH3 of 1,2,4-triazole), 119.65, 120.01, 126.64, 128.54,
128.66 and 152.99 (6C atoms, 4-bromo-2-fluorophenyl
moiety), 159.97 ([C–S–, 1,2,4-triazole) and 162.54 (C
atom, benzylidene, –N=CH–Ar). LC-Mass, [M??1], (m/
z): 314.10/315.90 (Br-79 and Br-81, ratio 1:1 due to isotopic abundance). [M??3], (m/z): 316.60.
4-[(2,5-Difluorobenzylidene)amino]-3-methyl-5-mercapto-4H-[1,2,4]triazole (5c) IR (KBr, cm-1): 3072
([C–H stretch, 2,5-difluorophenyl moiety), 2940 ([C–H
stretch, –CH3 attached to 1,2,4-triazole), 2581 (–SH
stretch), 1583, 1502, 1383 ([C=N–, [C=C\), 1431 ([N–
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N\ stretch), 1275 ([C–S– stretch), 1093 and 990 (C–F,
2,5-difluorophenyl moiety). 1H-NMR (DMSO-d6, d ppm):
2.39 (3H, s, –CH3 of 1,2,4-triazole), 7.47–7.56 (2H, m, 2,5difluorophenyl moiety), 7.82–7.87 (1H, m, 2,5-difluorophenyl moiety), 10.64 (1H, s, benzylidene proton,
–N=CH–Ar), 13.80 (1H, s, –SH of 1,2,4-triazole).
13
C-NMR (d ppm): 10.61 (–CH3 of 1,2,4-triazole), 148. 96
(C–CH3 of 1,2,4-triazole), 118.24, 118.56, 121.13, 121.47,
152.36 and 156.69 (6C atoms, 2,5-difluorophenyl moiety),
159.59 ([C–S–, 1,2,4-triazole) and 161.22 (C atom, benzylidene, –N=CH–Ar). LC-Mass, [M??1], (m/z): 255.06.
[M??3], (m/z): 257.05.
4-[(3-Bromo-4-fluorobenzylidene)amino]-3-methyl-5-mercapto-[1,2,4]triazole (5d) IR (KBr, cm-1): 3063 ([C–H
stretch, 3-bromo-4-fluorophenyl moiety), 2941 ([C–H
stretch, –CH3 attached to 1,2,4-triazole), 2565
(–SH stretch), 1591, 1495, 1356 ([C=N–, [C=C\), 1407
([N–N\ stretch), 1281 ([C–S– stretch), 1018 and 738
(C–F and C–Br, 3-bromo-4-fluorophenyl moiety).
1
H-NMR (DMSO-d6, d ppm): 2.37 (3H, s, –CH3 of 1,2,4triazole), 7.39 (1H, t, J = 6.4 Hz, 3-bromo-4-fluorophenyl
moiety), 8), 7.63 (1H, dd, J = 2.4 Hz, 3-bromo-4-fluorophenyl moiety), 8.18 (1H, dd, J = 6.4 Hz 3-bromo-4fluorophenyl moiety), 10.61 (1H, s, benzylidene proton,
–N = CH–Ar), 13.68 (1H, s, –SH of 1,2,4-triazole).
13
C-NMR (d ppm): 10.58 (-CH3 of 1,2,4-triazole), 148. 85
(C–CH3 of 1,2,4-triazole), 120.65, 121.71, 126.84, 129.68,
130.76 and 151.97 (6C atoms, 3-bromo-4-fluorophenyl
moiety), 159.59 ([C–S–, 1,2,4-triazole) and 163.51 (C
atom, benzylidene, –N=CH–Ar). [M??1], (m/z): 314.10/
315.90 (Br-79 and Br-81, ratio 1:1 due to isotopic abundance). [M??3], (m/z): 316.60.
4-[(2-Chloro-5-fluorobenzylidene)amino]-3-methyl-5-mercapto-4H-[1,2,4]triazole (5e) IR (KBr, cm-1): 3073
([C–H stretch, 2-chloro-5-fluorophenyl moiety), 2920
([C–H stretch, –CH3 attached to 1,2,4-triazole), 2581
(–SH stretch), 1588, 1499, 1399 ([C=N–, [C=C\), 1461
([N–N\stretch), 1270 ([C–S– stretch), 1091 and 824 (C–
F and C–Cl, 2-chloro-5-fluorophenyl moiety). 1H-NMR
(DMSO-d6, d ppm): 2.39 (3H, s, –CH3 of 1,2,4-triazole),
7.39–7.44 (2H, m, 2-chloro-5-fluorophenyl moiety), 7.66
(1H, dd, J = 2.4 Hz, 2-chloro-5-fluorophenyl moiety),
8.23 (1H, dd, J = 6.4 Hz, 2-chloro-5-fluorophenyl moiety), 10.81 (1H, s, benzylidene proton, –N = CH–Ar),
13.79 (1H, s, –SH of 1,2,4-triazole). 13C-NMR (d ppm):
10.65 (–CH3 of 1,2,4-triazole), 148.91 (C–CH3 of 1,2,4triazole), 115.85, 117.70, 126.92, 129.63, 136.27 and
155.28 (6C atoms, 2-chloro-5-fluorophenyl moiety),
159.13 ([C–S–, 1,2,4-triazole) and 165.33 (C atom, benzylidene, –N=CH–Ar). LC-Mass, [M??1], (m/z): 271.20,
[M??3], (m/z): 273.10/275.10 (Cl-35 and Cl-37, ratio 3:1
due to isotopic abundance). [M??5], (m/z): 279.10.
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4-[(4-Chloro-3-fluorobenzylidene)amino]-3-methyl-5-mercapto-4H-[1,2,4]triazole (5f) IR (KBr, cm-1): 3063
([C–H stretch, 4-chloro-3-fluorophenyl moiety), 2954
([C–H stretch, –CH3 attached to 1,2,4-triazole), 2576
(–SH stretch), 1586, 1487, 1366 ([C=N–, [C=C\), 1461
([N–N\stretch), 1267 ([C–S– stretch), 1018 and 778 (C–
F and C–Cl, 4-chloro-3-fluorophenyl moiety). 1H-NMR
(DMSO-d6, d ppm): 2.38 (3H, s, –CH3 of 1,2,4-triazole),
7.61 (1H, t, J = 7.2 Hz, 4-chloro-3-fluorophenyl moiety),
7.79 (1H, t, J = 2.4 Hz, 4-chloro-3-fluorophenyl moiety),
8.03 (1H, dd, J = 6.4 Hz, 4-chloro-3-fluorophenyl moiety), 10.59 (1H, s, benzylidene proton, –N = CH–Ar),
13.68 (1H, s, –SH of 1,2,4-triazole). 13C-NMR (d ppm):
10.59 (-CH3 of 1,2,4-triazole), 149. 80 (C-CH3 of 1,2,4triazole), 119.69, 123.15, 127.44, 130.74, 132.56 and
153.99 (6C atoms, 4-chloro-3-fluorophenyl moiety),
159.77 ([C–S–, 1,2,4-triazole) and 164.14 (C atom, benzylidene, –N=CH–Ar,). LC-Mass, [M??1], (m/z): 271.10,
[M??3], (m/z): 272.90/274.90 (Cl-35 and Cl-37, ratio 3:1
due to isotopic abundance). [M??5], (m/z): 279.10.
3-Methyl-4-[(3,4,5-trifluorobenzylidene)amino]-5-mercapto-4H-[1,2,4]triazole (5g) IR (KBr, cm-1): 3067
([C–H stretch, 3,4,5-trifluorophenyl moiety), 2948 ([C–H
stretch, –CH3 attached to 1,2,4-triazole), 2575 (–SH
stretch, 1,2,4-triazole), 1594, 1497, 1362 ([C=N–,
[C=C\), 1470 ([N–N\ stretch), 1268 ([C–S– stretch),
1063, 1019 and 978 (C–F, 3,4,5-trifluorophenyl moiety).
1
H-NMR (DMSO-d6, d ppm): 2.38 (3H, s, –CH3 of 1,2,4triazole), 7.67–7.72 (1H, m, 3,4,5-trifluorophenyl moiety),
8.23–8.29 (1H, m, 3,4,5-trifluorophenyl moiety), 10.58
(1H, s, benzylidene proton, –N=CH–Ar), 13.74 (1H, s,
–SH of 1,2,4-triazole). 13C-NMR (d ppm): 10.56 (–CH3 of
1,2,4-triazole), 149.81 (C–CH3 of 1,2,4-triazole), 121.21,
123.68, 133.49, 136.27, 153.93 and 160.41 (6C atoms,
2,3,4-trifluorophenyl moiety), 162.92 ([C–S–, 1,2,4-triazole) and 164.89 (C atom, benzylidene, –N=CH–Ar). LCMass, [M??1], (m/z): 273.31 and [M??3], (m/z): 275.40.
3-Methyl-4-[(2,3,4-trifluorobenzylidene)amino]-5-mercapto-4H-[1,2,4]triazole (5h) IR (KBr, cm-1): 3068
([C–H stretch, 2,3,4-trifluorophenyl moiety), 2945 ([C–H
stretch, –CH3 attached to 1,2,4-triazole), 2574 (–SH
stretch, 1,2,4-triazole), 1592, 1498, 1372 ([C=N–,
[C=C\), 1468 ([N–N\ stretch), 1271 ([C–S– stretch),
1075, 1021 and 985 (C–F, 2,3,4-trifluorophenyl moiety).
1
H-NMR (DMSO-d6, d ppm): 2.39 (3H, s, –CH3 of 1,2,4triazole), 7.28–7.33 (1H, m, 2,3,4-trifluorophenyl moiety),
7.47–7.53 (1H, m, 2,3,4-trifluorophenyl moiety), 10.51
(1H, s, benzylidene proton, –N=CH–Ar), 13.79 (1H, s,
–SH of 1,2,4-triazole). 13C-NMR (d ppm): 10.51 (–CH3 of
1,2,4-triazole), 149.78 (C–CH3 of 1,2,4-triazole), 121.32,
123.72, 133.52, 136.48, 154.73 and 161.71 (6C atoms,
2,3,4-trifluorophenyl moiety), 163.72 ([C–S–, 1,2,4-
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triazole) and 165.39 (C atom, benzylidene, –N=CH–Ar).
LC-Mass, [M??1], (m/z): 273.30 and [M??3], (m/z):
275.40.
4-[(3-Chloro-2-fluorobenzylidene)amino]-3-methyl-5-mercapto-4H-[1,2,4]triazole (5i) IR (KBr, cm-1): 3073
([C–H stretch, 3-chloro-2-fluorophenyl moiety), 2934
([C–H stretch, –CH3 attached to 1,2,4-triazole), 2583
(–SH stretch, 1,2,4-triazole), 1592, 1504, 1380 ([C=N–,
[C=C\), 1453 ([N–N\ stretch), 1278 ([C–S– stretch),
1021 and 790 (C–F and C–Cl, 3-chloro-4-fluorophenyl
moiety). 1H-NMR (DMSO-d6, d ppm): 2.38 (3H, s, –CH3
of 1,2,4-triazole), 7.41 (1H, t, J = 8 Hz, 3-chloro-2-fluorophenyl moiety), 7.82–7.86 (1H, m, 3-chloro-2-fluorophenyl moiety), 8.02–8.06 (1H, m, 3-chloro-2fluorophenyl moiety), 10.62 (1H, s, benzylidene proton,
–N = CH–Ar), 13.81 (1H, s, –SH of 1,2,4-triazole).
13
C-NMR (d ppm): 10.62 (–CH3 of 1,2,4-triazole), 149.71
(C–CH3 of 1,2,4-triazole), 120.78, 121.97, 126.11, 134.33,
152.04 and 153.21 (6C atoms, 3-chloro-2-fluorophenyl
moiety), 158.05 ([C–S–, 1,2,4-triazole) and 161.22 (C
atom, benzylidene –N=CH–Ar). LC-Mass, [M??1], (m/z):
271.20, [M??3], (m/z): 273.10/275.10 (Cl-35 and Cl-37,
ratio 3:1 due to isotopic abundance). [M??5], (m/z):
279.10.
4-[(2-Chloro-4-fluorobenzylidene)amino]-3-methyl-5mercapto-4H-[1,2,4]triazole (5j) IR (KBr, cm-1): 3061
([C–H stretch, 2-chloro-4-fluorophenyl moiety), 2936
([C–H stretch, –CH3 attached to 1,2,4-triazole), 2579
(–SH stretch, 1,2,4-triazole), 1595, 1501, 1402 ([C=N–,
[C=C\), 1430 ([N–N\ stretch), 1274 ([C–S– stretch),
1019 and 811 (C–F and C–Cl, 2-chloro-4-fluorophenyl
moiety). 1H-NMR (DMSO-d6, d ppm): 2.39 (3H, s, –CH3
of 1,2,4-triazole), 7.38–7.43 (1H, m, 2-chloro-4-fluorophenyl moiety), 7.64 (1H, dd, J = 2.4 Hz, 2-chloro-4fluorophenyl moiety), 8.22 (1H, dd, J = 6.4 Hz 2-chloro4-fluorophenyl moiety), 10.80 (1H, s, benzylidene proton,
–N = CH–Ar), 13.79 (1H, s, –SH of 1,2,4-triazole).
13
C-NMR (d ppm): 10.62 (–CH3 of 1,2,4-triazole), 148.92
(C–CH3 of 1,2,4-triazole), 115.84, 117.65, 126.90, 129.61,
136.27 and 159.10 (6C atoms, 2-chloro-4-fluorophenyl
moiety), 162.80 ([C–S–, 1,2,4-triazole) and 165.32 (C
atom, benzylidene, –N=CH–Ar). LC-Mass, [M??1], (m/
z): 271.10, [M??2], (m/z): 272.10/272.70 (Cl-35 and Cl37, ratio 3:1 due to isotopic abundance). [M??5], (m/z):
275.10.
4-[(2,4-Dichlorobenzylidene)amino]-3-methyl-5-mercapto-4H-[1,2,4]triazole (5k) (CAS No. 4666-44-93-9).
IR (KBr, cm-1): 3058 ([C–H stretch, 2,4-dichlorophenyl moiety), 2924 ([C–H stretch, –CH3 attached to 1,2,4triazole), 2582 (–SH stretch, 1,2,4-triazole), 1584, 1500,
1381 ([C=N–, [C=C\), 1469 ([N–N\ stretch), 1277

([C–S– stretch), 795 and 732 (C–Cl, 2,4-dichlorophenyl
moiety). 1H-NMR (DMSO-d6, d ppm): 2.39 (3H, s, –CH3
of triazole), 7.60 (1H, dd, J = 2 Hz, 2,4-dichlorophenyl
moiety), 7.82 (1H, d, J = 2 Hz, 2,4-dichlorophenyl moiety), 8.16 (1H, d, J = 8.4 Hz, 2,4-dichlorophenyl moiety),
10.89 (1H, s, benzylidene proton, –N = CH–Ar), 13.80
(1H, s, –SH of 1,2,4-triazole). 13C-NMR (d ppm): 10.65
(–CH3 of 1,2,4- triazole), 137.54 (C–CH3 of 1,2,4-triazole),
118.97, 128.25, 128.68, 129.19, 129.72 and 135.74
(6C atoms, 2,4-dichlorophenyl moiety), 154.53 ([C–S–,
1,2,4-triazole) and 161.17 (C atom, benzylidene,
–N = CH–Ar). LC-Mass, [M?], (m/z): 286.60, [M??1],
(m/z): 287.20/287.80 (Cl-35 and Cl-37, ratio 3:1 due to
isotopic abundance). [M??2], (m/z): 288.80/290.60. Anal.
Cald for C10H8Cl2N4S: C, 41.82; H, 2.81; N, 19.51. Found:
C, 41.81; H, 2.82; N, 19.51. m. p. 200–202 °C; yield:
75 %.
4-[(3,4-Dichlorobenzylidene)amino]-3-methyl-5-mercapto-4H-[1,2,4]triazole (5l) (CAS No. 4666-44-95-1).
IR (KBr, cm-1): 3056 ([C–H stretch, 3,4-dichlorophenyl moiety), 2934 ([C–H stretch, –CH3 attached to 1,2,4triazole), 2580 (–SH stretch, 1,2,4-triazole) 1578, 1504,
1375 ([C=N–, [C=C\), 1467 ([N–N\ stretch), 1273
([C–S– stretch), 793 and 736 (C–Cl, 3,4-dichlorophenyl
moiety). 1H-NMR (DMSO-d6, d ppm): 2.38 (3H, s, –CH3
of triazole), 7.19 (1H, d, J = 7.6 Hz, 3,4-dichlorophenyl
moiety), 7.42 (1H, s, 3,4-dichlorophenyl moiety), 7.50 (1H,
d, J = 7.6 Hz, 3,4-dichlorophenyl moiety), 10.88 (1H, s,
benzylidene proton, –N = CH–Ar), 13.79 (1H, s, –SH of
1,2,4-triazole). 13C-NMR (d ppm): 10.67 (–CH3 of 1,2,4triazole), 137.27 (C–CH3 of 1,2,4-triazole), 119.25, 128.63,
128.97, 129.53, 130.32 and 135.87 (6C atoms, 3,4dichlorophenyl moiety), 153.93 ([C–S–, 1,2,4-triazole)
and 160.87 (C atom, benzylidene, –N=CH–Ar). LC-Mass,
[M?], (m/z): 286.60, [M??1], (m/z): 287.20/287.80 (Cl-35
and Cl-37, ratio 3:1 due to isotopic abundance). [M??2],
(m/z): 288.80/290.60. Anal. Cald for C10H8Cl2N4S: C,
41.82; H, 2.81; N, 19.51. Found: C, 41.81; H, 2.82; N,
19.50. m. p. 230–232 °C; yield: 73 %.

Pharmacology
The novel Schiff bases (5a–l) were synthesized with ease
and in excellent yields, confirmed by the spectroscopic data
and evaluated for in vitro antituberculosis activity studies
using disc diffusion method (ZOI test) and microplate
Alamar Blue assay (MABA) method (MIC test). They were
also subjected to the test of various components of neutrophil functions, namely neutrophil chemotaxis, NBT test,
phagocytosis and microbicidal (candidacial) assay test
according to the simple and well-established procedure.
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Antituberculosis activity

Neutrophil function test

All the newly synthesized Schiff bases (5a–l) were evaluated for in vitro antituberculosis activity by disc diffusion
method (ZOI test) (Isenberg, 1992 and Bauer et al., 1966)
and microplate Alamar Blue assay (MABA) method (MIC
test) (Lourenco et al., 2007) according to the standard
procedure. Three drugs, namely pyrazinamide, ciprofloxacin and streptomycin, were the reference standards for
the comparison in both the methods (ZOI and MIC tests).

Neutrophils are major contributors to the host defence
against invading microorganisms (especially bacteria and
fungi) at the various body sites including oral cavity.
Advance studies have shown that there is an impairment of
neutrophil functions in aggressive and chronic form periodontitis, and hence the concept of hyperactive or primed
neutrophil has dawned which is highlighting the destructive aspect of neutrophil mediated tissue damage and bone
resorption through the release of cytokines, especially in
aggressive periodontitis. The new concept regarding neutrophil has opened up new avenues of research for the
diagnosis and treatment of aggressive as well as chronic
periodontitis (Lord, 1989; Matzner, 1987; BoqomolskiYahalom and Matzner, 1995; Nathan, 2006).
Neutrophils are found in good numbers in circulation
system of gingival/periodontal tissue. In normal circumstances, in the absence of infection, neutrophils roll along
the vascular endothelium, transiently attaching to and
detaching from their surface. This is mediated by lectinbinding glycoproteins, L-selectin on the surface of neutrophils and E-selectins on the endothelial cell.
In relation to infections, the neutrophils respond to
chemoattractants such as complement components, IL-8,
platelet activating factor and microbial peptides generated
at the infection site leading to activation of integrins present on the surface of neutrophils. These integrins subsequently induce tighter adherence of neutrophils to vascular
endothelial cells and cessation of rolling. Neutrophils then
detach from endothelium and migrate through a gap in the
endothelial lining created by contraction of juxtaposed
vascular endothelial cells. After their migration into the
extravascular space, neutrophils proceed with the ingestion
and killing of microbes. This proceeds in three steps,
namely adhesion, opsonization and ingestion and intracellular killing.
The various components of neutrophil functions
(Wilkinson, 1981; Metcalf et al., 1986; Ryder, 2010;
Kunhs, 2008, Dale et al., 2008) are tested in the laboratory
by using several and simple economical tests which yield
valuable information regarding neutrophil functional
abnormalities in periodontitis.

Disc diffusion method (ZOI test) (Isenberg, 1992 and Bauer
et al., 1966)
Ten microlitres (10 mg/mL) of the drug (test compounds/standards) was loaded over Whatman filter paper
no. 1 discs of diameter 5 mm and dried. Discs were placed
in a dish plated with 4-week-old bacteria culture Mycobacterium tuberculosis (H37RV) strain on 7H11 agar
media supplemented with OADC (growth supplement) and
incubated at 37 °C for 4 weeks for bacterial growth. Zone
of inhibition was measured using Digital Caliper (Mitutoyo, Japan). Experiments were performed in triplicates,
and the standard error was calculated.
Microplate Alamar Blue dye assay method (MIC test)
(Lourenco et al., 2007)
All the synthesized Mannich bases were screened for
in vitro antituberculosis activity against M. tuberculosis
(H37RV) strain by microplate Alamar Blue assay method
(MABA) to determine the minimum inhibitory concentration (MIC test). This methodology is non-toxic and uses a
thermally stable reagent and shows a good correlation with
proportional and BACTEC radiometric method.
Two hundred microlitres of the sterile deionized water
was added to all the outer perimeter wells of sterile 96-well
plate to minimize evaporation of the medium in the test
wells during incubation. One hundred microlitres of the
Middlebrook 7H9 broth was added to the 96-well plate.
Serial dilution of the compounds was made directly on the
plate. The final drug concentrations tested were
100–0.2 lg/mL. The plates were covered and sealed with
parafilm and incubated at 37 °C for 5 days. Then, 25 lL of
freshly prepared 1:1 mixture of Alamar Blue dye reagent
and 10 % Tween-80 was added to the plate and incubated
for 24 h. The change in the colour (i.e. blue to pink) was
scored as bacterial growth. The no change in blue colour
was interpreted as no growth in bacteria. The minimum
inhibitory concentration (MIC) was defined as the lowest
drug concentration which prevented the colour change
from blue to pink.
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Isolation of the neutrophils
For laboratory assay of neutrophils, a relatively pure population of granulocytes or at least all white blood cells with
minimum manipulation of blood are preferred. The blood
sample is collected either with heparin or EDTA as anticoagulant. Most of the isolation protocols use differences
in cell density as the basis for separation. A 3 % solution of
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gelatin or high molecular weight dextran in saline is the
most preferred method because it gives a relatively pure
population of WBCs with the minimal contamination with
the RBCs. To obtain granulocytes, Ficoll-Hypaque is most
commonly used.
For the separation of WBCs, the blood sample is diluted
with saline and equal amount of 3 % gelatin or dextran is
added. The tubes are made to stand upright for 45 min till
all the RBCs settle down. The supernatant is collected in a
fresh tube, centrifuged and washed with saline, and the
WBCs are counted in Neubauer’s chamber and then diluted
with Hanks balanced salt solution to get a specific concentration depending on the type of test to be performed.

wells were loaded with Hanks solution on one side and
FMLP a known chemotactic agent on the other. The slides
are incubated at 37 °C for 2 h and fixed first with methanol
and then with formaldehyde. The agarose layer was
scraped off, and the slide was stained with Giemsa stain.
The movements of the cells were observed as a tongueshaped structure with the narrow end away from the central
well and towards the peripheral well containing FMLP.
The distance migrated was measured under the microscope
using oculometer.

Neutrophil adherence

The release of reactive oxygen intermediates (ROIs) such
as superoxide radicals and hydrogen peroxide is an
important component of neutrophil’s bactericidal machinery. These reactions are mediated by NADPH oxidase, and
the neutrophils defective in this enzyme cannot generate
ROI leading to defective microbial killing.
The production of superoxide can be tested by reduction
of cytochrome C, and the extracellular release of H2O2 can
be measured by horse radish peroxidase-induced oxidation
of phenol red. The most common test used for this purpose
is nitro blue tetrazolium (NBT) assay. The cells are
exposed to the yellow dye NBT. Unstimulated neutrophils
do not ingest this dye, but if the cells are stimulated to
phagocytic activity, then they take the dye into the
phagosomes and intracellular reduction of the dye and
convert it to an insoluble blue crystalline form (formazan
crystals). These blue crystals are visible in the light
microscope. This test gives information about phagocytic
function since the dye is not taken into cells except by
phagocytosis and also about metabolic function since the
intracellular reduction depends upon the production of
ROIs.
In NBT test, two aliquots of whole blood were mixed
separately with Hanks’ salt solution and 0.34 % NBT dye.
Escherichia coli endotoxin was added to one aliquot to
stimulate the neutrophils, and the other was left unstimulated to act as a control. After incubation for about 45 min,
smears are prepared from both test and control samples and
stained with Giemsa and the number of cells with formazan
crystals was noted. [In a normal sample, only few cells in
control (unstimulated) and [60 % cells in test (stimulated)
should show the presence of crystals.]
The method employed nitro blue tetrazolium (NBT)
assay to analyse the reactive oxygen intermediates, hence
the name NBT assay. Escherichia coli endotoxin/test
compound was the positive control (PC), and the test
compound without E. coli endotoxin was the negative
control (NC).

Adherence of neutrophils to the endothelium is a prerequisite step to a migration of neutrophils into the tissues.
The adhesive function is commonly assessed by the passage of 1 mL of the whole blood through the column filled
with nylon wool. Adherence is measured as the difference
in the absolute neutrophil count before and after the passage of the sample through the column. Alternatively,
isolated neutrophils are induced as to bind to plastic using a
96-well plate coated with foetal bovine serum, fibrinogen
or fibronectin. The adherent activity of the cells can be
promoted by treatment with phorbol myristate acetate, and
the results can be analysed after staining.
Neutrophil chemotaxis
Neutrophil migration is a prerequisite for these cells to
accumulate at sites of inflammation. Chemotaxis in vitro is
generally measured by one of the two methods—Boyden’s
chamber technique or agarose assay. The Boyden’s
chamber includes three components: a lower compartment
containing chemoattractant agent, middle nitrocellulose
membrane filter layer and an upper chamber for neutrophils. After adding cell suspension to the upper chamber
and incubation for a specified period of time, the membrane filter is removed, stained and studied under the
microscope to find out the number of cells that have
adhered to the membrane and trying to pass through the
narrow pores.
The agarose assay is popular, because it is simpler to
perform and the results are comparable to those of Boyden’s assay. Here, 0.24 % agarose is prepared, melted and
mixed with pooled human serum. Hanks balanced salt
solution and sodium bicarbonate solution poured onto
microscopic slides when still hot. Once the slides were set,
a series of wells of 3–5 mm were cut in the agarose layer.
The central well was charged with cells, and the peripheral

Generation of reactive oxygen intermediate (NBT assay
test)
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Phagocytosis
Most methods for measuring phagocytosis rely on the
uptake of particles by phagocytes over a brief period of
time. The number of particles are then counted under the
microscope and expressed as mean particle number (MPN).
In this assay, neutrophil suspension was mixed with
equal portions of cooled normal human serum, Hanks’
solution and Candida albicans or latex particles and
incubated at 37 °C for 30 min. The tubes were then centrifuged; smears were made from the deposit. Most methods for measuring phagocytosis relied on the uptake of
particles by phagocytes over a brief period of time. The
number of particles was then counted under the microscope
and expressed as mean particle number (MPN).
Microbicidal (candidacial) assay
This test is performed to assess the microbicidal or intracellular killing capacity of neutrophils. Here, the WBC
suspension was mixed with Hanks’ solution, pooled serum
and Candida cells as mentioned above, and the test and
control samples were incubated for an hour at 37 °C. Equal
portion of 2.5 % sodium deoxycholate was then added and
mixed properly. This leads to lyses of neutrophil membranes and releases ingested candida to the exterior. The
samples were then mixed with 0.01 % methylene blue
solution; centrifuged and wet preparations were made from
the deposit and examined under the microscope. Viable
candida remained unstained where as dead cells took up
the dye and appeared blue (In a healthy person, the normal
range of killing should be around 20–35 %). The cooled
human serum/test compound was the positive control (PC),
and the negative control (NC) was test compound without
serum.

Results and discussion
Chemistry
Thiocarbohydrazide (1) and acetic acid (2) were refluxed
for 8 h (Scheme 1) to yield 4-amino-3-methyl-5-mercapto4H-[1,2,4]triazole (3). The FT-IR spectra in KBr pellets
confirmed the asymmetric and symmetric stretches for
–NH2 at 3342 and, 3270 cm-1. The –C–H stretch of –CH3
was at 2942 cm-1 and –SH stretch at 2580 cm-1. The
400 MHz 1H-NMR and 13C-NMR recorded in DMSO-d6, d
ppm downfield from TMS confirmed the formation of
4-amino-3-methyl-5-mercapto-4H-[1,2,4]triazole
(3)
which was further confirmed by LC-Mass spectra, where
the compound signalled protonated molecular ion peak, i.e.
[M??1] peak at (m/z): 131.00.
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4-Amino-3-methyl-5-mercapto-4H-[1,2,4]triazole
(3)
was condensed with different aromatic aldehydes (4) to
yield the resultant series of novel Schiff bases, namely
4-[(benzylidene)amino]-3-methyl-5-mercapto-4H-[1,2,4]triazole (5a–l) (Scheme 1). The FT-IR spectra in KBr
pellets gave peaks in the region 3040–3080, 2920–2960
and 2650–2760 cm-1 corresponding to [C–H stretch of
aryl group, –C–H stretch of –CH3 group and –SH stretch,
respectively. In the novel Schiff bases (5a–l), the absence
of peaks for –NH2 of the compound (3) was the indication
for the formation of Schiff bases. In addition to that, the
formation of benzylidene moiety (–N=CH–Ar) was confirmed which was further supported by 400 MHz 1H-NMR
and 13C-NMR recorded in DMSO-d6, d ppm downfield
from TMS. The benzylidene proton appeared in the region
d 10.50–10.90 ppm. The benzylidene carbon resonated at d
160.00–165.00 ppm. The LC-Mass spectra were in conformity with the corresponding molecular formulae of the
novel compounds. The structures of the novel compounds
(5a–l) were confirmed by spectral and elemental analyses.
Pharmacological screening
Antituberculosis activity
The Schiff bases (5a–l) possess antituberculosis activity for
in vitro test system but with different sensitivity (Tables 2,
3). The antituberculosis activity by MABA method (MIC
test) revealed that all the compounds of the novel series
exhibited excellent sensitivity up to 50 lg/mL, and in the
ZOI tests, the tested compounds exhibit moderate activity
almost half to the reference standards. The compounds
(5a), (5c), (5f), (5h) and (5i) are most sensitive in the
series, but are moderately active compared to the reference
standards. These compounds were subjected to the acute
oral toxicity studies, where they belong to the class of
slightly toxic. The compounds should be tested further to
consider them as potential antituberculosis drug candidate.
The presence of halogens on phenyl ring may be the
additional factor for the excellent activity of the compounds. The structure activity relationships (SAR) of
numerous FDA-approved drugs confirmed that the presence of electronegative halogen atoms (especially fluorine
or chlorine) augments or contributes to the biological
activity. It is proved by number of researchers that halogen
compounds exhibit excellent pharmacological results due
to its electronegativity factor. The reference standards
pyrazinamide (specific antituberculosis drug), streptomycin and ciprofloxacin (antibiotics and broad-spectral
antituberculosis drugs) were highly sensitive against M.
tuberculosis (H37RV) strain. However, tested compounds
cannot directly be compared with the reference standards
for their efficacy since it depends on therapeutic index,

Med Chem Res
Table 2 Antituberculosis activity of Schiff bases (5a–l) by disc
diffusion method (ZOI test)
Samples

Diameter of inhibition
zone (mm ± SD)a
Mycobacterium
tuberculosis (H37RV) strain

5a

13.00 ± 0.25

5b

9.00 ± 0.35

5c

13.50 ± 0.25

5d

11.25 ± 0.35

5e

8.50 ± 0.30

5f

13.50 ± 0.40

5g

12.60 ± 0.20

5h

13.00 ± 0.35

5i

13.50 ± 0.40

5j
5k

12.00 ± 0.35
11.50 ± 0.30

5l

12.00 ± 0.45

Toxicity studies

‘0’ indicating no sensitivity (zone of inhibition \5 mm)
Reference standards: pyrazinamide: 30.00 ± 0.65 mm, ciprofloxacin:
27.00 ± 0.45 mm, streptomycin: 27.00 ± 0.55 mm
a

established procedure. The tested novel compounds possess excellent activity with different sensitivity under different segments. Tabulating the results of the different
components under the collective title neutrophil function
test, the novel Schiff bases (5a–l) exhibited moderate to
excellent activities. Considering the individual components, i.e. chemotaxis ([1.0), NBT ([25 %), phagocytosis
([3) and candidacial assay (25 %) possessing excellent
broad-spectrum properties, the compounds (5a), (5b), (5g)
and (5h) exhibited excellent neutrophil function test and
can be considered potential drug candidates after being
subjected to further tests. The data are given in Table 4.

Mean values of three trials

which varies for different bioactive compounds depending
upon the ratio between lethal dose and therapeutic dose.
Neutrophil function test
The novel Schiff bases (5a–l) were subjected to the various
components of neutrophil function, namely neutrophil
chemotaxis, NBT test, phagocytosis and microbicidal
(candidacial) assay test according to the simple and well-

The novel Schiff bases, (5a), (5c), (5f), (5h) and (5i) which
exhibited moderate antituberculosis activity and (5a), (5b),
(5g) and (5h) which showed excellent neutrophil function
test, were analysed for acute oral toxicity considering their
future potential utilities and safer mode of exposures. The
acute oral toxicity was done according to the OECD/OCDE
423 guidelines (retrieved on 10.08.2014). Handling and
animal experimentation were done according to the
guidelines of Committee for the Purpose of Control and
Supervision on Experiments on Animals (CPCSEA, 2001),
India (EPA 815-R-08-003, retrieved on 18.02.2014), with
the ethical clearance certificate KLECOP/IAEC/Res.
18–19/05/2014. The acute toxicity was tested as per the
OECD 423 guidelines for the period of 14 days on Swiss
albino mice (Mus musculus) in administering the doses of
5, 50, 300 and 2000 mg/kg body weight where the test
animals showed the normal behavioural pattern without
developing any complications. Finally from the acute

Table 3 Antituberculosis activity of Schiff bases (5a–l) by microplate Alamar Blue assay method (MABA) (MIC test)
Samples

100 lg/mL

50 lg/mL

25 lg/mL

12.5 lg/mL

6.25 lg/mL

3.12 lg/mL

5a

S

S

R

R

R

R

5b

S

S

R

R

R

R

5c

S

S

R

R

R

R

5d

S

S

R

R

R

R

5e

S

S

R

R

R

R

5f

S

S

R

R

R

R

5g

S

S

R

R

R

R

5h

S

S

R

R

R

R

5i

S

S

R

R

R

R

5j

S

S

R

R

R

R

5k

S

S

R

R

R

R

5l

S

S

R

R

R

R

Bacterial strain: M. tuberculosis (H37RV) strain
Reference standards: pyrazinamide: 3.125 lg/mL, ciprofloxacin: 3.125 lg/mL, streptomycin: 6.25 lg/mL
S sensitive, R resistant
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Table 4 Neutrophil function test of Schiff bases (5a–l)
Samples

Neutrophil
chemotaxis
(mm)

NBT (%)

Phagocytosis
(MPN)

Microbicidal
(candidacial)
assay (%)

5a

2.2

30

3

32

5b

2.1

30

4

30

5c
5d

2.4
2.6

19
21

3.5
3.5

30
34

5e

2.3

20

3

32

5f

2.2

22

2.5

31

5g

2.4

30

3

30

5h

2.7

32

4

37

5i

2.3

18

3

30

5j

2.4

18

3

31

5k

2.3

15

3.5

28

5l

2.3

19

2.5

30

NC

0.5

20

3

16

PC

2.2

65

5

30

For neutrophil chemotaxis: PC—test compound/FMLP, NC—WBC suspended in the media. For NBT: PC—E. coli endotoxin/test compound,
NC—test compound without E. coli endotoxin. For phagocytosis: PC—cooled normal human serum/test compound, NC—test compound without
serum. For candidacial assay: PC—serum/test compound, NC—test compound without serum
Control: NC negative control, PC positive control

toxicity studies, it is revealed that the compounds (5a),
(5b), (5c), (5f), (5g), (5h) and (5i) were safe even at the
dose of 2000 mg/kg body weight. Hence, as per the Hodge
and Sterner scale toxicity (CPCSEA, 2001), these compounds can be classified as slightly toxic as far as mammalian oral route of exposure is concerned. The acute
toxicity study values obtained are of use for determination
of therapeutic index in view of their relatively good antituberculosis activity and neutrophil function test.

Conclusion
The present study reveals that the newly synthesized Schiff
bases of [1,2,4]triazole-bearing haloarene moiety (5a–l)
possess moderate biological activity. The results convey
the successful synthesis and good activity of novel compounds. In the series, the compounds (5a) and (5h) have
two fluorine atoms at positions 2 and 4 that exhibit the
highest activity for antituberculosis screening as well as for
neutrophil function test. In addition, all the novel Schiff
bases serve as intermediates for Schiff and Mannich bases
and may contribute to the development of potential antituberculosis drug. The compounds (5a), (5b), (5c), (5f),
(5g), (5h) and (5i) which exhibited moderate activities
subjected to acute oral toxicity studies revealed that they
are ‘slightly toxic’ which stimulates for further studies for
the potential use of these lead compounds.
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Highlights
Loading of doxorubicin onto GNPs by a simple incubation method is reported.
The effect of doxorubicin-loaded GNPs against human cancer cell lines is reported.
GNPs can be successfully explored as an inert carrier for targeting cancer.
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Abstract
The aim of the study was to synthesize doxorubicin (DOX)-functionalized gold nanoparticles
(GNPs) by a green method and to evaluate their anticancer potential against human cancer
cell lines. These GNPs were synthesized with a green chemistry method and characterized by
ultraviolet (UV) spectrophotometry, Fourier transform infrared (FT-IR) spectroscopy, X-ray
diffraction (XRD), transmission electron microscopy (TEM), and Zetasizer measurements.
Surface plasmon resonance studies showed a clear UV peak at 532 nm, suggesting the
formation of GNPs. FT-IR and XRD were used to determine the surface characteristics
(presence of phytoconstituents) and crystalline nature of GNPs, respectively. The TEM and
Zetasizer studies revealed a particle size of 74.7 ± 2.47 nm with a zeta potential of −19.13 ±
0.2. The synthesized GNPs were loaded with DOX. An in vitro anticancer assay of DOXloaded GNPs (D-GNPs) against human cancer cell lines showed variations in responsiveness
to D-GNPs, with significant activity against breast, lung, and prostate cancer cell lines.
However, no significant difference was found in the percent cell viability against cervical,
liver, and pancreatic cancer cell lines between DOX and D-GNPs. The results of the in vitro
anticancer assay of D-GNPs against human cancer cell lines suggest their potential in vivo
applications in cancer treatments.

Keywords: Gold nanoparticles; green synthesis; doxorubicin; cytotoxicity; MTT assay;
cancer cell lines.
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Introduction
According to the World Health Organization (WHO), cancer is one of the leading
causes of morbidity and mortality worldwide, with approximately 8.2 million cancer-related
deaths reported in 2012.1 Although novel anticancer agents are being synthesized and
evaluated continuously,2–4 physicians have very limited choices for treatment due to the side
effects associated with cancer chemotherapy. Thus, this warrants research into modifying
drug formulations with the aim of reducing side effects by specifically targeting cancer cells.
One such approach is the use of nanotechnology, with different nano-formulations such as
solid lipid nanoparticles,5 nanoliposomes,6 polymeric nanoparticles,7 and self-emulsifying
drug delivery systems8 being used to modify the existing dosage form of anticancer drugs so
as to target cancer cells. Recently, the synthesis and applications of gold nanoparticles
(GNPs) have been increasingly studied for their inert and stable nature.9
GNPs exhibit unique chemical and physical properties that facilitate loading and their
role as a carrier for transporting the drug to the targeted sites. As GNPs are chemically inert,
nontoxic in nature, and easily synthesized, with a functional or charged surface, they find
many biomedical applications such as tissue or tumor imaging, photothermal therapy,
biosensing, and optics. Moreover, their biocompatibility and high affinity for large
biomolecules such as drugs, proteins, enzymes, DNA, and amino acids further aid drug
targeting and delivery.10,11 The literature reveals that GNPs can be synthesized using
chemical reducing agents12–14 or green chemistry methods.15–21 GNPs synthesized by
chemical reducing agents are expensive, as toxic chemicals that may pose potential biological
and environmental risks in the end products are used. In comparison, the green chemistry
method, which uses plant extracts as the source of reducing agent, is an economical and
environment-friendly method that yields nontoxic and biocompatible GNPs with enhanced
stability.15–21 Pterocarpus marsupium, commonly known as the Indian kino tree, is well
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known for its antioxidant phytochemicals such as flavonoids, tannins, carbohydrates,
polyphenols, and proteins,22 which can be used as a green source in the large-scale, simple,
and eco-friendly production of GNPs.
Doxorubicin (DOX) is a drug used to treat various malignant cancers such as solid
tumors and soft tissue cancers. However, its use is limited due to serious side effects such as
cardiac myopathy leading to congestive heart failure.23 GNPs can act as inert carriers for
anticancer drugs such as DOX due to their inherent responsiveness to cancer cells. Thus, the
desired therapeutic index can be attained with fewer doses, consequently reducing the
associated side effects.
Hence, the present study investigates the green synthesis of GNPs using plant extracts
of Pterocarpus marsupium and its characterization. The study was extended to evaluate the
biomedical applicability of DOX-functionalized GNPs for their in vitro anticancer activity
against human cancer cell lines.

MATERIALS AND METHODS
The heartwood of Pterocarpus marsupium was collected in September 2013 from Jamboti,
which is located in the Western Ghats around 20 km southwest of Belgaum near Khanapur in
Belgaum District, Karnataka, India. This sample was authenticated by the Regional Medical
Research Centre, Indian Council of Medical Research, Belgaum, Karnataka, India (specimen
number: RMRC-922). Gold (III) chloride hydrate (99.99% metal basis) was purchased from
Sigma-Aldrich, Pune, India. All human cancer cell lines and normal mouse fibroblasts used
in this study were procured from the National Centre of Cell Science, Pune, India.
Dulbecco’s modified Eagle medium (DMEM), fetal bovine serum (FBS), and Pen Strep (a
mixture of penicillin and streptomycin) was procured from Gibco Life Technologies
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(Auckland, New Zealand); gentamycin (4 mg/ml) and amphotericin (5 mg/ml) were
purchased from Himedia Pvt. Ltd. (Mumbai, India).

Synthesis of GNPs
The plant extract was prepared by boiling 10 g of air-dried plant material (heartwood) with
100 ml of deionized water for 10 min. This was then filtered with Whatman filter paper #41
and used in the synthesis of GNPs. GNPs are prepared by adding the aqueous plant extract to
0.5 mM gold chloride solution. A visual color change followed by ultraviolet (UV)
spectroscopy was used to confirm the formation of GNPs. The synthesized GNPs were
retrieved from the mixture using a high-speed refrigerated centrifuge (Kubota 6500, Osaka,
Japan) with a rotor model AG-506R at a relative centrifugal force (RCF) of 36,873
maintained at 4 °C for 20 min.

Characterization of GNPs
A Malvern Zetasizer (Nano ZS, Malvern, UK) was used to study the particle size, the particle
size distribution, the polydispersity index (PDI), and the zeta potential of GNPs. The Fourier
transform infrared (FT-IR) spectrum of lyophilized GNPs was recorded using the KBr pellet
method with an FT-IR Shimadzu spectrophotometer. The X-ray diffraction (XRD) data of
GNPs were obtained using a Philips PRO expert diffractometer at room temperature with
nickel-filtered Cu Kα radiations, operating at a 40-kV voltage, 30-mA current, and 7–70°
(2θ) range. The morphology of the GNPs was confirmed with transmission electron
microscopy (TEM) using a 120-kV Hitachi (H-7500) instrument equipped with a chargecoupled device (CCD) camera. The colloidal dispersion of GNPs was deposited on a carboncoated copper grid and scanned to obtain images.
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Preparation and characterization of DOX-loaded GNPs
Varying volume ratios of GNPs to DOX (Table 1) were incubated at room temperature for 24
h. DOX-loaded GNPs (D-GNPs) were analyzed for loading efficiency, particle size, zeta
potential, PDI, XRD, and drug release. For determining the loading efficiency of GNPs, the
D-GNPs were centrifuged and the supernatant was analyzed for the unloaded drug. The
loading efficiency was calculated by the following formula:

Percent loading efficiency 

Total doxorubicin-doxorubicin in supernatant
100
Total doxorubicin

(1)

The drug release of D-GNPs was studied under simulated physiological conditions using
phosphate buffer with a pH of 7.4 at 60 rpm and 37 °C. The particle size, PDI, zeta potential,
and XRD were measured according to the standard procedure.24
Cytotoxicity studies
Human breast (MDA-MB-231), cervical (HeLa), liver (Hep G2), lung (A549), pancreatic
(MIA-Pa-Ca-2), and prostate (LN-CAP-FCG) cancer cell lines and normal mouse fibroblasts
(L929) were seeded in 96-well flat-bottomed tissue culture plates at densities of 1 × 104
cells/well per 0.1 mL of the medium (DMEM, FBS, penicillin, streptomycin, gentamycin,
and amphotericin). These cells were allowed to adhere for a period of 24 h in a CO2 incubator
maintained at 37 °C and 5% CO2 with 95% humidity until the completion of experiments.
The cell count was determined using a hemocytometer before the experiment. The medium
was discarded and replaced with fresh medium (0.1 mL) containing different concentrations
of DOX (25µg/ml), GNPs, and D-GNPs equivalent to 25, 20, and 15 µg/ml of DOX,
followed by incubation at 37 °C. At the end of 24 h, the medium in each well was discarded
and 50 µL of the MTT solution (5 mg/ml in phosphate-buffered saline) was added to each
well, and the plate was incubated at 37 °C. After 4 h, 100 µL of dimethyl sulfoxide (DMSO)
was added to each well to dissolve the formed formazan crystals, and the absorbance was
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recorded with a 492-nm filter using an enzyme-linked immunosorbent assay (ELISA) plate
reader. The relative cell viability (%) was expressed as a percentage proportional to the
untreated control cells and calculated as follows 25:

Percent cell viability 

Absorbance of treated cells
100
Absorbance of untreated cells

(2)

Cell uptake studies
Human breast (MDA-MB-231), cervical (HeLa), liver (Hep G2), lung (A549), pancreatic
(MIA-Pa-Ca-2), and prostate (LN-CAP-FCG) cancer cell lines were seeded in 96-well flatbottomed tissue culture plates at densities of 2 × 104 cells/well per 0.2 mL of the medium
(DMEM, FBS, penicillin, streptomycin, gentamycin, and amphotericin). The cells were
allowed to adhere for a period of 24 h in a CO2 incubator maintained at 37 °C and 5% CO2
with 95% humidity until the completion of experiments. The medium was discarded and
replaced with varying concentrations (0.2 mL) of DOX (25 µg/ml), GNPs, and D-GNPs
equivalent to 25, 20, and 15 µg/ml of DOX prepared in medium containing 10% fetal calf
serum, followed by incubation at 37 °C. After 2 h, the supernatant was collected and the cells
were lysed in the well with 0.5% w/v sodium lauryl sulfate solution (200 µL) to determine
the DOX content in the cell lysate and supernatant.

RESULT AND DISCUSSION
Synthesis of GNPs
Preliminary phytochemical studies of the plant extract confirm the presence of antioxidant
components such as flavonoids, polyphenols, proteins, tannins, and carbohydrates, facilitating
its use as a green source for reducing gold chloride to yield GNPs. A visual color change
from colorless to red was observed on addition of the plant extract to the gold chloride
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solution, indicating the formation of GNPs. The phytochemicals in the heartwood extract of
Pterocarpus marsupium involved in the formation of GNPs are schematically represented in
Fig. 1.

Characterization of GNPs
GNPs showed surface plasmon resonance26, 27 at 532 nm (Fig. 2), suggesting the presence of
predominantly spherical GNPs,3 which was further confirmed by TEM (Fig. 3). The FT-IR
spectra of GNPs (Fig. 4, A) reveal peaks at 3277, 2966, 1618, 1662, 1274, 1259, and 1078
cm−1; the peak at 3277 cm−1 representing the –OH stretching vibrations confirms the presence
of hydroxyl groups (carbohydrates, flavonoids, and polyphenols) in GNPs. These hydroxyl
groups generate the negative charge on GNPs, as demonstrated by the negative zeta potential,
and they are responsible for the stability of GNPs. This indicates that freely water-soluble
flavonoids, polyphenols, proteins, and tannins present in the aqueous plant extract is involved
in the catalytic reduction of Au3+ ions to Au0 nanoparticles and adsorbed onto the surface of
GNPs, leading to its stabilization. The FT-IR (Fig. 4, B) spectra of pure DOX showed
prominent peaks at 1350, 1380, 1680, 2850, 2720, and 3400 cm−1, which represent the
functional groups of DOX. The FT-IR spectra of D-GNPs showed peaks at 1350, 1400, 1600,
2720, 2810, and 3400 cm−1, which were similar to the peak positions of DOX, thus
confirming that GNPs were adsorbed by DOX. A comparison of the FT-IR spectra of DGNPs and GNPs suggests that the significant peak positions of GNPs are completely absent
in D-GNPs, which further confirms the successful loading of DOX onto GNPs. A sharp XRD
spectrum of GNPs (Fig. 5) revealed its crystalline nature, showing Bragg’s reflection from
the (111), (002), and (022) planes of the face-centered cubic (fcc) crystal structure
corresponding to the 2θ values of 38.18, 44.38, and 64.70, which are in line with the standard
values of JCPDS No.: 04-0784 for gold. The most intense peak at (111) suggests the
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predominant orientation of GNPs in that plane, which was confirmed by TEM. 10,14 The
particle size of GNPs in terms of diameters (Fig. 6) is crucial to determining their biomedical
applications. Using a Malvern Zetasizer device, the particle size, PDI, and zeta potential of
GNPs were found to be 74.7 ± 2.47, 0.241 ± 0.03, and −19.13 ± 0.2, respectively. The
negative zeta potential emerged from the coating of phytoconstituents (polyphenols and
flavonoids) on the synthesized GNPs, which impart a negative charge and thereby improve
the stability of GNPs. The TEM images of GNPs showed a spherical morphology
predominantly, as well as triangular, rhombic, hexagonal, and decahedral morphologies, as
shown in Fig. 3, which was supported by the sharp and narrow peak of the UV spectrum at
532 nm.

Preparation and characterization of D-GNPs
The volume ratio of GNPs to DOX was fixed at 1:10, as this ratio showed a maximum
red shift from 532 to 536 nm compared with other ratios. The shift in λmax to longer
wavelength was indicative of efficient and complete loading of DOX. The loading efficiency,
particle size, PDI, and zeta potential of D-GNPs are presented in Table 1. The loading of
DOX onto GNPs was further confirmed by the decrease in zeta potential, possibly due to the
adsorption of positively charged DOX onto GNPs. Positive charges, which were generated by
the protonation of DOX in water, were used to load DOX onto GNPs. The synthesized GNPs
possess negative charge, as confirmed by zeta potentiometric analysis.27 Due to hydrostatic
forces of attraction, these positively charged DOX molecules were adsorbed onto negatively
charged GNPs, as confirmed by zeta potential and FT-IR spectroscopy. The adsorption of
these DOX molecules onto GNPs led to a decrease in the negative zeta potential, which
confirmed the loading of DOX onto GNPs. A comparison of the XRD spectra (Fig. 5) of
GNPs and D-GNPs showed that the sharp peaks in GNPs were absent in D-GNPs, which
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confirms the loading of DOX onto GNPs and the transformation of crystalline GNPs to
amorphous D-GNPs. Drug release studies revealed a 94 ± 2.19% drug release within 3 h in
phosphate buffer of pH 7.4.

Cytotoxicity studies
The percent cell viabilities of breast, cervical, liver, lung, pancreatic, and prostate cancer cell
lines are shown in Fig. 7. The 100% cell viability of GNPs against normal mouse fibroblasts
confirms their biocompatible and inert nature. On comparing DOX (25 µg/ml) with the DGNP formulations equivalent to 25, 20, and 15 µg/ml of DOX, the latter showed very low
percent cell viability, which confirmed their superior responsive to cancer cell lines over
DOX alone. This lower cell viability effect of D-GNPs could be due to its nanoscale size,
which helps in easy uptake of D-GNP formulations.29

Cell uptake studies
The cell uptake of GNPs and D-GNPs was comparatively found to be higher than DOX
alone, as shown in Fig. 8. This could be due to the nano-range size of GNPs and D-GNPs,
indicating the potential use of D-GNPs in treating human cancers even at lower doses.29

CONCLUSION
A simple, rapid, and eco-friendly method for synthesizing GNPs using Pterocarpus
marsupium was successfully developed. DOX was successfully loaded onto GNPs with a
loading efficiency of 74.42 ± 2.94%. The in vitro anticancer assay of D-GNPs showed
promising activity against human breast, lung, and prostate cancer. However, the
responsiveness of the cervical, liver, and pancreatic cancer cell lines was not adequate
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(compared with other cell line studies), but they showed a better cytotoxic effect than DOX
alone. The promising results from the in vitro anticancer assay indicate the potential in vivo
applications of GNPs against various cancers, specifically breast cancer, to improve the
targeting ability of the drug and subsequently minimize its associated side effects.
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Figure Captions

Figure 1: Flowchart demonstrating the reaction involved in the formation of GNPs
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Figure 2: UV spectra of synthesized gold nanoparticles
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Figure 3: TEM image of synthesized GNPs
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Figure 4: FT-IR spectra of A: GNPs, B: DOX, and C: D-GNPs
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Figure 5: XRD spectra of gold nanoparticles and doxorubicin-loaded gold nanoparticles
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Figure 6: Diagram showing difference between hydrodynamic diameter and actual diameter
of GNPs.
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Figure 7: Cytotoxicity studies of D-GNP against cancer cell lines.
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Figure 8: Cell uptake studies of D-GNPs against cancer cell lines.
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Tables
Table 1: Characterization of D-GNPs (mean ± standard deviation; n = 3).
Sr. No

DOX (35

Loading

Particle size

µg/ml):GNP

efficiency (%)

(nm)

PDI

Zeta
potential

ratio
1

1:1

35.81 ± 1.76

180.87 ± 2.18

0.517 ± 0.143

Aggregation

2

1:5

66.14 ± 3.15

92 ± 1.218

0.320 ± 0.12

−11.3 ± 4.09

3

1:10

74.42 ± 2.94

87 ± 2.741

0.256 ± 0.167

−15.4±1.45

4

1:15

83.64 ± 2.47

78.24 ± 1.47

0.214 ± 0.137

−16.2±1.67
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ABSTRACT
Objective: The objective of the present study was to provide an in‑vitro evidence for the
potential inhibitory activity of extracts and fractions of Adiantum caudatum Linn. and
Celosia argentea Linn. on α‑amylase and α‑glucosidase enzymes.
Materials and Methods: The plant extracts were prepared, first with cold
maceration (70% v/v ethanol) and then by Soxhlation techniques (95% v/v ethanol).
Subsequently, the combined extracts were subjected for fractionation. Different
concentrations (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml) of extract and fractions were subjected
to α‑amylase and α‑glucosidase inhibitory assay. The absorbance was measured
at 540 and 405 nm using multiplate reader and the percentage of α‑amylase and
α‑glucosidase inhibitory activity and IC50 values of extract and fractions were calculated.
Results: Fraction 2 of A. caudatum and fraction 4 of C. argentea has shown highest
α‑amylase and α‑glucosidase inhibitory potential with IC50 values of 0.241, 0.211 and
0.294, 0.249 mg/ml, respectively, which was comparable with acarbose (0.125 and
0.93 mg/ml). Whereas, extracts and remaining fractions of both the plants have shown
lesser activity.
Conclusion: The results of the present study indicate that, fraction 2 of A. caudatum,
rich in triterpenoids and phenolics and fraction 4 of C. argentea, rich in flavonoids, are
effective α‑amylase and α‑glucosidase inhibitors, which may be helpful to reduce the
postprandial glucose levels. Hence, further studies may throw light on the antidiabetic
potential of A. caudatum and C. argentea, especially in the management of type 2 diabetes.
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Introduction
Diabetes mellitus is a chronic metabolic disorder,
characterized by hyperglycemia and carbohydrate, protein, and
fat metabolic disturbances. It causes failing of insulin production
or insulin action or both. According to an estimation of the
International Diabetes Federation, approximately 366 million
people are suffering from diabetes and this may double by
2030, in India to be 40.9 million, which is expected to grow to
60.9 million by 2025.[1] Between two types of diabetes, type 2
Access this article online

Website: www.ijp‑online.com
DOI: 10.4103/0253-7613.161270
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is more prevalent than type 1, with more than 90% of the
total diabetic patients suffering from it. Type 2 diabetes (T2D)
is a disease caused by an imbalance between blood sugar
absorption and insulin secretion. Postprandial hyperglycemia
plays an important role in the development of T2D.[2] Regulating
plasma glucose level is vital for delaying or preventing T2D. The
ability of a drug or diet to delay the production or absorption
of glucose by inhibiting carbohydrate hydrolyzing enzymes
such as α‑amylase and α‑glucosidase is one of the therapeutic
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Commons Attribution-NonCommercial-ShareAlike 3.0 License, which allows
others to remix, tweak, and build upon the work non-commercially, as long as the
author is credited and the new creations are licensed under the identical terms.
For reprints contact: reprints@medknow.com
Cite this article as: Telagari M, Hullatti K. In-vitro α-amylase and α-glucosidase
inhibitory activity of Adiantum caudatum Linn. and Celosia argentea Linn.
extracts and fractions. Indian J Pharmacol 2015;47:425-9.

© 2015 Indian Journal of Pharmacology Published by Wolters Kluwer - Medknow 425

Telagari and Hullatti: In-vitro antidiabetic screening of A. caudatum and C. argentea

approaches for decreasing postprandial hyperglycemia.[3]
At present, the use of insulin secretagogues and sensitizers
constitute the predominant line of therapy, however, the
use of carbohydrate digesting enzyme inhibitors play a vital
role in controlling hyperglycemia by reducing the intestinal
absorption of glucose.[4] Acarbose is one of the leading inhibitor
of carbohydrate metabolic enzymes in the gastrointestinal tract,
but it is associated with side effects such as diarrhea and other
intestinal disturbances such as bloating, ﬂatulence, cramping,
and abdominal pain.[5] World Health Organization (WHO)
estimates that about three‑quarters of the population mainly
in the countries of Africa, Asia, and Latin America, conﬁdes on
plant based preparations in their traditional medicinal system
for primary healthcare (WHO, 2003). This dependence increased
the knowledge gathering and exploration of novel and effective
plant‑derived compounds for commercialization. Predominantly
herbal drugs have been widely used globally for diabetic
treatment over thousands of years due to their traditional
acceptability and lesser side effects. Therefore, screening of
α‑amylase and α‑glucosidase inhibitors in medicinal plants has
received much attention.
Ayurveda and other Sanskrit literature describe Mayurasikha
as a Sandigdha dravya (controversial drugs). Which having
more than one botanical source.[6] Dravyaguna Vijnana by
P.V. Sharma named Adiantum caudatum as Mayurasikha
and Shaligramanighantubhushanam describes Celosia
argentea (syn‑celosia cristata) as Mayurasikha. Hence, these
two plants were selected for comparative evaluation of
α‑amylase and α‑glucosidase inhibitory activity.[7,8]
A. caudatum Linn. (Pteridaceae) is a fern, which is available
especially lower slopes of the hills in Punjab, Rajasthan,
West Bengal, Tamil Nadu, and Maharashtra. Ayurveda describes
that it would be useful treat Prameha (diabetes), Atisara,
Pravahika, cough, skin diseases, and fever.[6]
C. argentea Linn. (Amaranthaceae) is annual herb (0.5–1.5 m),
a common weed, occurring throughout India. In Indian folk
medicine, it was used for diabetes and the seeds were used
in the treatment of jaundice, gonorrhea, wounds, and fever.[9]
There are scanty reports available regarding the
phytoconstituents responsible for inhibiting the carbohydrate
digestive enzymes, which can able to manage diabetes mellitus.
Hence, the main objective of present study was to investigate
in‑vitro, α‑amylase, α‑glucosidase inhibitory activity of the
hydro‑alcoholic extract, and fractions of A. caudatum and
C. argentea.
Materials and Methods
Chemicals
α‑glucosidase (Saccharomyces cerevisiae), α‑amylase
(procaine pancreas) and 3, 5, di‑nitro salicylic acid (DNS) were
purchased from Sigma‑Aldrich, Bangalore. P‑nitro‑phenyl‑α‑D‑
glucopyranoside (p‑NPG), sodium carbonate (Na2CO3), sodium
dihydrogen phosphate, di‑sodium hydrogen phosphate were
purchased from Hi‑Media, Mumbai.
Plant Material
A. caudatum and C. argentea were collected during the
month of August 2013 from adjoining areas of Visvesvaraya
Technological University, Belagavi, Karnataka. Authentication
426 Indian Journal of Pharmacology | August 2015 | Vol 47 | Issue 4

of the plants was done by Dr. Harsha Hegde, Scientist C (RMRC,
Belgaum), and a voucher specimens (RMRC‑985, 987) was
deposited at RMRC (ICMR), Belagavi. The plant material was
washed under running tap water and dried under shade,
coarsely powdered (#2000/335), and stored in the neatly
labeled airtight container.
Extraction and Fractionation
Dried powdered (500 g) material was first subjected to
cold maceration to extract thermolabile constituents if any
with 70% v/v ethanol for 24 h. Extract was filtered, and the
marc was further subjected for soxhlation (95% v/v ethanol).
Filtrates of both maceration and soxhlation were combined
and concentrated using a rotary evaporator (IKA RV 10) at
40°C under reduced pressure, which yields total extract of
40 g and 46 g.
Fractionation of A. caudatum extract was carried out
as per Cos et al., with minor modifications [Figure 1].[10]
Alcoholic extract was dispersed in 5% w/v citric acid and
washed with dichloromethane. Dichloromethane layer was
separated and it was concentrated to 1/3rd volume using rotary
evaporator at 40°C under reduced pressure. Concentrated
dichloromethane layer was partitioned with 90% v/v methanol
and petroleum ether (1:1) to get fraction 1, (F1, 9.65 g) and
fraction 2, (F2, 7.15 g). Aqueous layer was concentrated to half
and pH adjusted to 9.0 with 10% ammonium hydroxide. Aqueous
layer was washed with dichloromethane, which gives fraction
3 and fraction 4 (F3, 0.584, and F4, 16.45 g). Same procedure
was used for fractionation of C. argentea extract and percentage
yield of the fractions were F1 10.15 g, F2 9.76 g, F3 0.593 g,
and F4 18.65 g, respectively.
In‑vitro Assay
α‑amylase inhibitory activity
α‑amylase inhibitory activity of extract and fractions
was carried out according to the standard method with
minor modification.[11] In a 96‑well plate, reaction mixture
containing 50 µl phosphate buffer (100 mM, pH = 6.8),
10 µl α–amylase (2 U/ml), and 20 µl of varying concentrations
of extract and fractions (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml)
was preincubated at 37°C for 20 min. Then, the 20 µl of
1% soluble starch (100 mM phosphate buffer pH 6.8) was
added as a substrate and incubated further at 37°C for
30 min; 100 µl of the DNS color reagent was then added and
boiled for 10 min. The absorbance of the resulting mixture
Figure 1: Scheme for preparation of fractions
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was measured at 540 nm using Multiplate Reader (Multiska
thermo scientific, version 1.00.40). Acarbose at various
concentrations (0.1–0.5 mg/ml) was used as a standard.
Without test (extract and fractions) substance was set up in
parallel as control and each experiment was performed in
triplicates. The results were expressed as percentage inhibition,
which was calculated using the formula,
Inhibitory activity (%) = (1 − As/Ac) ×100
Where,
As is the absorbance in the presence of test substance and
Ac is the absorbance of control.
α‑glucosidase inhibitory activity
α‑glucosidase inhibitory activity of extract and fractions
was carried out according to the standard method with minor
modification.[12] In a 96‑well plate, reaction mixture containing
50 µl phosphate buffer (100 mM, pH = 6. 8), 10 µl alpha‑glucosidase
(1 U/ml), and 20 µl of varying concentrations of extract and
fractions (0.1, 0.2, 0.3, 0.4, and 0.5 mg/ml) was preincubated
at 37°C for 15 min. Then, 20 µl P‑NPG (5 mM) was added as a
substrate and incubated further at 37°C for 20 min. The reaction
was stopped by adding 50 µl Na2CO3 (0.1 M). The absorbance of the
released p‑nitrophenol was measured at 405 nm using Multiplate
Reader. Acarbose at various concentrations (0.1–0.5 mg/ml)
was included as a standard. Without test substance was set up
in parallel as a control and each experiment was performed in
triplicates. The results were expressed as percentage inhibition,
which was calculated using the formula,
Inhibitory activity (%) = (1 − As/Ac) ×100
Where,
As is the absorbance in the presence of test substance and
Ac is the absorbance of control.

0.249 mg/ml (α‑amylase and α‑glucosidase) [Table 2] which
were comparable with that of acarbose.
Figure 2: α‑amylase inhibition of Adiantum caudatum extract and
fractions

Figure 3: α‑glucosidase inhibition of Adiantum caudatum extract and
fractions

Statistical Analysis
All the measurements were done in triplicate and results are
expressed in terms of mean ± standard deviation and IC50 values
were calculated using GraphPad Prism 5 version 5.01 (Graph
pad software, Inc., La Jolla, CA, USA.) statistical software.
Results
In the present study, hydro‑alcoholic extract and four
fractions of A. caudatum and C. argentea were evaluated
for their inhibitory effect on α‑amylase and α‑glucosidase
enzymes by in‑vitro method. The hydro‑alcoholic extract and
its fractions 1, 2, 3, and 4 of A. caudatum (at a concentration
of 0.5 mg/ml) exhibited 32.42, 46.25, 61.45, 20.12, and 26.04
α‑amylase inhibitory activity [Figure 2] and 36.42, 47.25, 63.45,
29.22, and 32.34 α‑glucosidase inhibitory activity [Figure 3],
respectively. Whereas, C. argentea hydro‑alcoholic extract and
Fractions 1, 2, 3, and 4 exhibited 22.42, 21.04, 29.04, 30.12,
and 59.45 α‑amylase inhibitory activity [Figure 4], 37.62, 31.04,
37.24, 29.34, and 61.45 α‑glucosidase inhibitory activity,
respectively [Figure 5]. Acarbose was used as a standard
reference drug, which showed α‑amylase inhibitory activity
with an IC50 value of 0.108 mg/ml and α‑glucosidase inhibitory
activity with an IC50 value of 0.083 mg/ml. Among all, fraction
2 of A. caudatum and fraction 4 of C. argentea has shown
best enzyme inhibitory activity with an IC50 value 0.241 and
0.211 (α‑amylase and α‑glucosidase) [Table 1] and 0.294 and

Figure 4: α‑amylase inhibition of Celosia argentea extract and fractions
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Figure 5: α-glucosidase inhibition of Celosia argentea extract and
fractions

Table 1:
α-amylase and α-glucosidase inhibitory effects of hydro-alcoholic
extract and fractions of Adiantum caudatum, and acarbose
Substance

IC50 values of
α-amylase (mg/ml)

IC50 values of
α-glucosidase (mg/ml)

Acarbose
Extract
Fraction 1
Fraction 2
Fraction 3
Fraction 4

0.125
1.697
0.577
0.241
4.681
3.112

0.93
1.463
0.547
0.211
1.907
1.619

Table 2:
α-amylase and α-glucosidase inhibitory effects of hydro-alcoholic
extract and fractions of Celosia argentea, and acarbose

Discussion
The use of herbal drugs as complementary approaches
in existing medications for the treatment of diabetes and its
complications is growing worldwide and many plants in different
countries are known to have antidiabetic effects.[13] The ancient
Indian literature reports more than 800 plants with antidiabetic
properties while ethnopharmacological surveys indicate that
more than 1200 plants can be used for hypoglycemic activity.[14]
Mainly two carbohydrate hydrolyzing enzymes (α‑amylase and
α‑glucosidase) are responsible for postprandial hyperglycemia.
α‑amylase begins the process of carbohydrate digestion by
hydrolysis of 1, 4‑glycosidic linkages of polysaccharides (starch,
glycogen) to disaccharides and α‑glucosidase catalyzes the
disaccharides to monosaccharides, which leads to postprandial
hyperglycemia. [15,16] Hence, inhibitors of α‑amylase and
α‑glucosidase are useful in the control of hyperglycemia
as they delay carbohydrate digestion, which consequently
reduce the postprandial plasma glucose level. Previously, the
antidiabetic activity of A. caudatum and C. argentea has been
reported in the literature. The ethanolic extract of A. caudatum
whole plant shown antidiabetic activity with 200 mg/kg b.w
in streptozotocin‑induced diabetic rats. Ethanolic extract of
C. argentea roots and seeds with 250 and 500 mg/kg b.w
reduced hyperglycemia in streptozotocin and alloxan‑induced
diabetic rats.[17‑19] There was no information available in the
literature about the in‑vitro (α‑amylase and α‑glucosidase
inhibitory activity) antidiabetic studies of these two plants.
Hence, the present study aimed to evaluate α‑amylase and
α‑glucosidase inhibitory activity of hydro‑alcoholic extract
and its fractions of A. caudatum and C. argentea. Alkaloids,
phenolics, triterpenoids, flavonoids, and steroids were identified
in the preliminary phytochemical investigation of A. caudatum.
After fractionation of the hydro‑alcoholic extract, steroids and
lipids were found in fraction 1, phenolics and terpenoids were
found in fraction 2. Fraction 3 was shown positive results for
alkaloids and fraction 4 shown positive results for flavonoids.
Based on the results obtained, fraction 2 was showed highest
inhibitory potential than extract and other fractions. Whereas,
phytochemical investigation of C. argentea showed positive
428 Indian Journal of Pharmacology | August 2015 | Vol 47 | Issue 4

Substance

IC50 values of
α-amylase (mg/ml)

IC50 values of
α-glucosidase (mg/ml)

Acarbose
Extract
Fraction 1
Fraction 2
Fraction 3
Fraction 4

0.125
1.684
2.058
2.841
1.372
0.294

0.93
1.025
1.208
1.240
1.117
0.249

results for alkaloids, phenolics, triterpenoids, flavonoids,
steroids, saponins, and tannins. After fractionation of the
hydro‑alcoholic extract, steroids, and lipids were found in
fraction 1, phenolics, and terpenoids were found in fraction 2.
Fraction 3 was shown positive results for alkaloids and fraction
4 shown appreciable levels of flavonoids. Based on the results
obtained, fraction 4 of C. argentea shown highest inhibitory
potential than extract and other fractions. Many bioactive
compounds from different plants have been reported to have
hypoglycemic effect, in that mostly phenolics and triterpenoids
such as oleanane, ursane, lupane, and flavonoids have a
positive correlation as antidiabetic agents.[20‑22] The presence of
triterpenoids and phenolics in fraction 2 might have attributed
to the highest enzyme inhibition activity compared to other
fractions in A. caudatum.[23] Hence, the triterpenoids of this
plant may be responsible for enzyme inhibitory activity. Apart
from that polyphenolic compounds were found in fraction 2, may
interact or inhibit specific positions in enzymes thereby reducing
the potency of α‑amylase and α‑glucosidase.[24] The presence of
flavonoid compounds in fraction 4 of C. argentea may act against
diabetes mellitus either through their capacity to avoid glucose
absorption or to improve glucose tolerance by competitive
inhibition of sodium‑dependent glucose transporter‑1.[25] Another
possible mechanism followed by flavonoid compounds (luteolin,
kaempferol, chrysin, and galangin) to control blood glucose levels
is the inhibition of α‑amylase and α‑glucosidase activity in the
intestine.[26] Due to above reasons, fraction 2 of A. caudatum and
fraction 4 of C. argentea showed comparable results with that
of acarbose. With the help of results in correlation with previous
reports it can be hypothesized that the significant enzyme
inhibitory activity of fraction 2 and fraction 4 may interfere
or delay the absorption of dietary carbohydrates as well as
disaccharides in the small intestine, leading to the suppression

Telagari and Hullatti: In-vitro antidiabetic screening of A. caudatum and C. argentea

of meal‑induced increase of plasma glucose. Hence, it may useful
in the management of T2D. Based on the lead fractions obtained
from in‑vitro studies, we are going to plan an in‑vivo study for
further confirmation of the obtained results.
Limitations of the Study
Active compounds isolation from the fractions and
its structural elucidation by nuclear magnetic resonance
spectroscopy may helpful to develop newer antidiabetic agents.
Here our target was an in‑vitro evaluation of α‑amylase and
α‑glucosidase inhibitory activity of the hydro‑alcoholic extract,
and fractions of A. caudatum and C. argentea.

6.

Conclusion

12.

The results of the present study prove that the fraction 2 of
the A. caudatum and fraction 4 of the C. argentea are effective
α‑amylase and α‑glucosidase inhibitors, which may helpful
to reduce the postprandial glucose levels. However, the
principle compounds responsible for the inhibitory action of
α‑amylase and α‑glucosidase need to be further identified and
characterized. This may be useful for the development of new
antidiabetic agents from native plant resources.
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Abstract

31

Intractable migraine presents a significant treatment challenge due to associated throbbing or

32

pulsating headache, which affects one half of the head and lasts from 2 to 72 hours. Naratriptan

33

hydrochloride is an approved drug molecule for migraine headaches, but its use is limited due to

34

its poor bioavailability, reoccurrence of migraine and lesser half-life requiring frequent dosing.

35

Therefore, the objective of this study was to formulate a thermoreversible intranasal gel for drug

36

targeting directly to brain via olfactory lobe pathway thereby improving bioavailability and

37

reducing dosing frequency. Gels were formulated by using poloxamer 407 as thermoreversible

38

polymer and carbopol 934 as mucoadhesive polymer. Formulated gels were characterized for

39

gelation temperature, gel strength, mucoadhesive strength, viscosity, in-vitro drug release and

40

ex-vivo permeation study using sheep nasal mucosa. In-vitro and ex-vivo drug release studies

41

suggested that the release rate was directly proportional to the concentration of carbopol 934,

42

whereas poloxamer 407 reduced the rate of drug release. Histopathology study of sheep nasal

43

mucosa showed no signs of damage to columnar epithelial cells, confirming non-toxic nature of

44

the formulated gel. Stability studies were performed as per ICH guidelines [Q1A (R2)],

45

suggested that the gels were stable.

46
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Keywords: Naratriptan hydrochloride, Poloxamer 407, Carbopol 934, thermoreversible,

49

intranasal gel, mucoadhesive.
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53

Introduction
Intractable migraine presents a significant treatment challenge to both patients and

55

physicians. Migraine is a chronic neurological disorder characterized by recurrent moderate to

56

severe headaches, which is often associated with a several autonomic nervous system symptoms.

57

Typically the migraine headache is unilateral (affecting one half of the head), and throbbing or

58

pulsating, from 2 to 72 hours. Associated symptoms include nausea, vomiting and photophobia

59

(increased sensitivity to light), phonophobia (increased sensitivity to sound) or smell and pain

60

which may worsen by any kind of physical activity [1].
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54

Oral route is considered to be the most convenient and economic route of drug

62

administration, however this route of drug administration is sometimes inefficient owing to the

63

properties of drug in use such as poor bioavailability [2], first pass metabolism [3], drug

64

solubility [4] and absorption [5] issues, thus there is an obvious need for alternative but novel

65

drug delivery systems [6]. Parenteral routes of administration like subcutaneous route is another

66

option but the dislike for injection make this dosage form less acceptable for the patients [7]. The

67

percutaneous route is also used for the controlled delivery of drugs which bypasses the first pass

68

metabolism, but has limitations for the permeability of the skin to many drugs [8]. As an

69

preferred alternative to this, transmucosal routes including the nasal, buccal, pulmonary, rectal

70

and vaginal routes can be used to overcome above mentioned issues wherein, intranasal (nasal

71

cavity) route could provide distinctive benefits to drug by low photolytic activity, prevention of

72

harsh environmental conditions, hepatic first pass metabolism and direct delivery to the brain.

73

Intranasal route also provides an advantage of ease of access, improving bioavailability [9], good

74

permeability mainly for lipophilic and low molecular weight drugs [10, 11], ease of self-

75

administration, ease of handling and can even be administered to patients in vomiting and

76

unconscious state [12]. Moreover, recent advancement has revealed that the nasal mucosa can act

77

as the site for directly delivering the therapeutics to the CNS through the olfactory lobes, which

78

helps to circumvent the blood brain barrier (BBB) [13].
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Naratriptan Hydrochloride (NH) is a selective 5-HT1 receptor subtype agonist developed

80

for the acute treatment of migraine which acts by stimulating constriction of dilated cranial

81

arteries and by inhibiting the release of neurogenic inflammatory mediators [14]. Naratriptan is

82

available only in oral form with the recommended dose of 2.5 mg, having an oral bioavailability
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83

of approximately 60% [15]. It exhibits a six fold higher affinity for the human recombinant 5-

84

HT1B receptor than Sumatriptan [16].
The physiological characteristics of the nasal mucosa and nasal mucociliary clearance are

86

the two main considerations in designing nasal formulations. With a view to overcome these

87

constrains, development of a thermosensitive mucoadhesive nasal formulation capable of

88

undergoing sol to gel transition at the nasal temperature could serve the purpose. In general,

89

nasal drug delivery is mainly developed to improve drug absorption rate and bioavailability by

90

prolonging the drug residence time at the nasal absorption site through biodegradable

91

mucoadhesive and thermosensitive polymers. The thermoreversible gel formulation helps to

92

prolong the drug contact time and releases the drug in a controlled manner, which results in

93

improved local and systemic bioavailability, reduced dose requirements, improved patient safety

94

and acceptability [17]. Consequently, thermoreversible system helps the drug to be manufactured

95

as liquid dosage form which will perform phase transitions at physiological nasal temperature

96

[18]. Hence at in-situ nasal physiological conditions bioadhesive thermoreversible gels could be

97

very useful for efficient targeted drug delivery to the brain through olfactory lobe. In recent

98

decade different formulations like Sumatriptan [19], Rizatriptan Benzoate [20], Zolmitriptan

99

[21], has been studied to deliver the drug via intranasal route, for this the drug was formulated in

100

the form of thermoreversible gel and there was a sustained release of the drug by adhering the

101

gel into the local tissues and releasing the drug to the brain through the olfactory lobes. From the

102

pharmacokinetics standpoint intranasal administration circumvents first pass metabolism and

103

drug absorption is rapid due to the existence of a rich vascular system and highly permeable

104

structures within the permeable membrane [22].
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Hence, the objective of the present investigation was to develop thermoreversible gel

106

formulations of NH for intranasal delivery using thermoreversible polymer poloxamer 407 and

107

mucoadhesive polymer Carbopol 934, which would enhance nasal residence time and absorption

108

of the drug across nasal-mucosal membrane.

109
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Materials and Methods

111

Materials: NH was provided as a gift sample from Orchid Chemicals and Pharmaceuticals Ltd.

112

(Chennai, India). Poloxamer 407 was obtained as a free sample from Shreya life sciences Pvt.

113

Ltd. (Aurangabad, India). Carbopol 934 and cellophane membrane (12,000–14,000 M.W) were

114

purchased from Hi-Media Lab Pvt. Ltd., (Mumbai, India). All of the other reagents used in this

115

study were of analytical grade.
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116

Methodology

118

Compatibility studies

119

Compatibility studies were carried out at room temperature by Fourier transform infrared (FTIR)

120

(Model-200, Thermo Electron, Shimadzu, Japan) to investigate any physical interactions

121

between the drug and the excipients used in the formulation. The pure drug (NH) and polymers

122

were subjected to FTIR studies alone and in combinations (1:1). Samples were analyzed by KBr

123

pellet technique [23].

124

Determination of gelation temperature

125

The temperature at which the liquid (sol) phase is converted to gel form is termed as gelation

126

temperature. The sol–gel transition temperature of the prepared in-situ gel formulations was

127

determined by visual inspection method [19]. Briefly, the solutions of poloxamer 407 in the

128

concentrations (15–20 % w/v) were prepared by stirring (magnetic stirrer, IKA India Private

129

Limited, India) in a transparent 10 ml glass bottle sealed with paraffin. The vial was heated at

130

constant rate with an increment of 1°C and the temperature at which the magnetic bead stopped

131

moving due to gelation was considered as gelation temperature. Gels which showed gelation

132

temperature very close to the nasal temperature (32-34°C) were selected for further evaluation.

133

The effect of carbopol 934 on phase transition temperature was evaluated by dispersing different

134

concentration (0.1–0.5 % w/v) in optimized poloxamer 407 solutions.
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136

Formulation of in situ nasal gel of NH

137

Poloxamer 407 gel was prepared by dissolving the optimized poloxamer 407 concentration in

138

cold water (4°C). The hazy solution formed was kept in the refrigerator (2–4°C) overnight for

139

complete dissolution resulting in a clear solution. The ‘cold’ method was adopted for the
Page | 5
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formulation of NH thermoreversible gels (Table 1) [24], where Carbopol 934 (0.1 to 0.4 % w/v)

141

concentrations were added slowly to the optimized poloxamer 407 solution containing drug with

142

continuous stirring at 4°C. Formulated gels where then finally stored at 4°C for further

143

evaluation.

144
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PT

140

Evaluation of gel

146

Physico-chemical properties of in-situ gel

147

The formulated gels were evaluated for pH, clarity, drug content, viscosity and gel strength. The

148

pH of each formulation was determined by using pH meter. Initially, the pH meter (Eutech

149

Instruments Pvt. Ltd., Singapore) was calibrated by using standard buffer solutions of pH 4 and

150

pH 7 (Thermo Fisher scientific standard buffers). The clarity was checked against white and

151

black background and was graded as turbid (+), clear (++) and very clear (+++). Drug content

152

was determined using UV-Vis spectrophotometer (Shimadzu 1800, Japan) at 283 nm.

153

Rheological studies were performed with a thermostatically controlled Brookfield viscometer

154

(DV3T Rheometer, USA) fitted with a suitable spindle at varying temperatures (20-40°C).
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Gel strength was determined by placing a standard weight of 35g onto 50g of

156

thermoreversible gel (placed in 100ml beaker) maintained at gelation temperature using

157

controlled water bath. The time in seconds by the weight to penetrate 5cm deep into the

158

container was recorded as gel strength [25].

TE
D

155

The mucoadhesive potential was determined by measuring the force required to detach

160

the formulation from nasal mucosal tissue. Two nasal mucosa tissue portions measuring

161

approximately 20 x 20 mm2 were tied to two different glass slides using thread. One glass slide

162

was fixed on the underneath portion of a pan balance with two sided adhesive tape facing

163

downside. The other slide was fixed on wooden board of balance in such a way that the tissue

164

had been just beneath and facing upper tissue. Gel (100 mg) was placed in between two mucosal

165

tissues and held in contact for 2 min followed by adding dummy granules slowly into the other

166

pan until the tissues get separated [20]. Minimal weight that detached the mucosal tissue from

167

the surface of each formulation was recorded as mucoadhesive strength and expressed as the

168

detachment stress in dyne/cm2. It was calculated by the fallowing formula,
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170

Where, m = weight required for detachment in grams, g = acceleration due to gravity (980

171

cm/s2), and A= area of mucosa exposed.

172

In- vitro drug release study

174

In- vitro drug release from the gel was determined by using six cell thermoregulated Franz

175

diffusion cell system (Thermo Fischer scientific, Haake S5P Newington, USA). Artificial

176

dialysis membranes (mol. Wt. 1200-1400 KDa) were soaked in receptor medium for 2 h prior to

177

use. Phosphate buffer saline (12 ml) pH 6.4 was added into the receptor chamber maintained at

178

34 ± 1°C. Gel equivalent to 2.5mg of the drug was placed into the donor compartment and the

179

setup was kept on stirring. Aliquots of 1ml were withdrawn at predetermined time intervals from

180

the receptor compartment and replaced with fresh buffer till 12 h. The samples were diluted

181

suitably and analyzed spectrophotometrically at 283 nm and the amount of the drug released was

182

determined using a calibration curve. Release kinetics was studied by using DD solver software

183

[26].

184
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Ex-vivo drug permeation study

186

Nasal cavity of the sheep was obtained from the local slaughter house immediately after its

187

sacrifice and transported to the laboratory by keeping it in saline phosphate buffer pH 6.4. The

188

superior nasal membrane was identified and separated from the nasal cavity and made free from

189

adhering tissues. The study was conducted with six cells thermoregulated Franz diffusion cell

190

system, where tissue samples were fixed on Franz diffusion cells having an effective permeation

191

area of 2 x 2 cm2. Phosphate buffer saline (pH 6.4, 12 ml) was added to the acceptor chamber

192

and agitated with magnetic stirrer at 34 ± 1°C. After a pre-incubation time of 30 min,

193

thermoreversible gel formulations were placed in the donor compartment. Sample aliquots (1 ml)

194

were withdrawn at predetermined time interval up to 12 h and were replaced with the same

195

volume of phosphate buffer saline pH 6.4. The samples were filtered and analyzed by UV- Vis

196

spectrophotometer at 283 nm. Permeability coefficient (cm/s) of the drug formulations was

197

calculated by using the following formula,
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199

Where, (dc/dt)ss (µg mL−1 s−1) change of concentration under steady-state; A (cm2) is the

200

permeation area; V (mL) the volume of the receiver compartment; and CD(µg mL−1) is the initial

201

donor concentration.

202
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Histopathological evaluation of mucosal tissue

205

Histopathological evaluation of tissue samples incubated in PBS (pH 6.4) was compared with the

206

tissue incubated in the diffusion chamber with the gel formulation. Tissue was fixed in 10 %

207

buffered formalin (pH 7.2). Paraffin sections were cut on glass slides and stained with

208

hematoxylin and eosin. Sections were examined under light microscope by a pathologist who

209

was blinded to the study, to detect any damage to tissue during ex vivo drug permeation.

210
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Stability studies of NH loaded thermoreversible in-situ gel

212

Stability studies of the optimized formulations were carried out at 40 ± 2°C, 75 ± 5% RH at an

213

interval of one month for 3 consecutive months. The results were compared with respect to

214

gelation temperature, pH, viscosity, drug content and drug release to indicate stability for the

215

optimized formulation [27].
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217

Result and Discussion

219

Drug polymer compatibility studies

220

Drug polymer interaction studies by FTIR spectroscopy reveal that there was weak physical

221

interaction suggesting, that the drug is compatible with poloxamer 407 and carbopol 934 which

222

were used for gel formulations. There were no major changes in peak positions (1690, 1810,

223

2530, 2900, 3500 cm-1) seen in the FTIR spectra of drug (Figure 1a) and in a physical mixture of

224

NH with poloxamer 407 and carbopol 934 (Figure 1b), except for reduced intensity of FTIR peak

225

at 3500 cm-1 confirming the weak physical interaction.

Determination of gelation temperature

M
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U

227
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218

Phase transition temperature determination is a preliminary step in the formulation of

229

thermoreversible gel. Gelation temperature of gel formulations is shown in Table 2 which

230

suggests that poloxamer in the concentration of 18 % w/v showed optimized results for phase

231

transition at 32-33°C. As the concentration of poloxamer increased from 18 to 20 %, transition

232

temperature decreased from 34 to 27 °C. In general, thermoreversible gel should form gel in the

233

temperature range of 30-34°C which is very close to nasal temperature. Thermoreversible

234

intranasal gels are expected to turn to a gel form at a nasal temperature and exist in solution form

235

when stored at room temperature. If the gelation temperature of a thermoreversible formulation

236

is lower than 25°C, a gel may be formed at room temperature, leading to difficulty in

237

manufacturing, handling, and administering, whereas when the gelation temperature is higher

238

than 34°C, solution form will not show a phase transition at the nasal temperature resulting in the

239

nasal clearance of the administered drugs at an early stage. Thermoreversible polymer poloxamer

240

407 is known to exhibit in situ gelling property due to their negative coefficient of solubility to

241

form block copolymer micelles [28]. Increase in temperature is directly proportional to the

242

number of micelles formation leading to construction of tightly packed micelles which

243

subsequently forms gel. Effect of concentration of carbopol 934 on gelation temperature on

244

gelation was studied (Figure 2) confirming that all formulations were converted to gel form in

245

the range of 25-31°C. It was found that by the addition of carbopol 934 from 0.1 to 0.3 %

246

gelation temperature was lowered from 31°C to 29°C. On further addition of carbopol (0.4% and
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247

more) the gelling temperature was reduced to 25.4°C. Considering the physiological temperature

248

of the nose formulation G2, G3 and G4 were considered for further studies.

249

Evaluation of thermoreversible gel of NH

251

Physicochemical properties

252

The pH of all the formulations was found to be 6.0 ± 0.3 which is in the range of nasal pH (5.5 to

253

6.5) [29]. This confirms that all the formulations were compatible with nasal mucosa. All

254

formulations were found to be clear except G3 and G4 which confirms that clarity is inversely

255

proportional to the concentration of carbopol used in formulations. Drug content of all

256

formulations was found in the range of 97 and 99 % of the initially added drug quantity i.e. 0.5

257

% w/v in all the formulations.
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250

The viscosity was carried out at 8 ± 2°C for all the formulations to determine its

259

consistency during the storage time. It was noted that viscosity was directly proportional to the

260

concentration of carbopol 934 (0.1% to 0.4%) as shown in Figure 3a. Gel strength is defined as a

261

measure of the ability of a colloidal dispersion to develop and retain a gel form, based on its

262

resistance to shear. Results of gel strength (Figure 3c) suggest that carbopol is mainly

263

responsible for increasing the gel strength of formulations. Gel strength of less than 25 seconds

264

suggests that the gel could not be retained in nasal cavity due its solution nature, whereas gel

265

strength in the range of 26-50 seconds are desirable which could be retained in nasal cavity due

266

its gel form. Gel strength above 50 seconds suggests undesirable stiffness of gel formulation

267

which may lead to irritation and discomfort in drug delivery [25].
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258

The mucoadhesive strength was determined on the basis of detachment stress, where the

269

force required to detach two mucous membranes from each other was measured. It was indicated

270

from observation (Figure 3c) that the concentration of carbopol 934 in the formulation was

271

directly proportional to mucoadhesive strength of gel. Cross-linked polyacrylate nature of

272

carbopol 934 with abundant carboxylic groups tends to form hydrogen bonding with sugar

273

residues in mucous membrane leading to strengthened network between polymer and mucous

274

membrane. It was observed that drug retention and absorption across the mucosal tissue was

275

directly proportional to the mucoadhesive strength [20].
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278

In-vitro release study
In vitro drug release behaviors was studied by comparing NH solution, NH poloxamer

280

407 gel, G2, G3 and G4. Drug release from NH solution was found to be very rapid which took

281

less than 6 h for almost hundred percent release whereas poloxamer 407 NH gel showed

282

significant retardation in the drug release as it took approximately 12 h to release 50 percent of

283

the drug. On comparing the drug release profiles of G2, G3 and G4, it was observed that drug

284

release was improved with increase in the concentration of carbopol suggesting that the chemical

285

nature of the carbopol played the crucial role in improving the drug release.
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279

In-vitro release study from in situ nasal gel was carried out for 12 h using

287

thermoregulated Franz diffusion cell at 34 ± 1°C. Cumulative drug release from all the

288

formulations after 12 hrs was found to be more than 65%. The release data of the gel formulation

289

(Table 3) were kinetically analyzed by different mathematic models like zero order, first order,

290

Higuchi, Korsmeyer–Peppas and Hixson-Crowell representing goodness of fit in terms of R2

291

values. From Korsmeyer–Peppas equation, it was analyzed that if n < 0.45, the drug is released

292

from the polymer with a Fickian diffusion mechanism, if it is 0.45 < n < 0.89, it indicates

293

anomalous or non-Fickian release and if n > 0.89, the main mechanism is supposed to be matrix

294

erosion. Since the calculated n values (Table 3) obtained from Korsemeyer-peppas model were

295

between 0.6 and 0.8, the NH release from gel formulations followed non-Fickian release

296

mechanism of drug release suggesting that the release was controlled by the diffusion rate and

297

the relaxation rate of carbopol 934 polymer matrix.
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Ex-vivo drug permeation study

300

Ex-vivo drug permeation study reveals that the cumulative amount of drug permeated was rapid

301

for initial 2 h followed by slow release of around 66% in 12 hrs. Permeability co-efficient (10-5

302

cm/s)

303

4.56 ± 0.16 respectively. Initial rapid release may be due to the exposure of fresh surface of drug

304

present in gel form to the sheep mucosa and sustained drug release after 2 h may be due to the

305

polymers like poloxamer 407 [28, 30]. Earlier studies have indicated that the poloxamer slightly

306

decreases the rate of drug release due to enhanced micellar structure and gel network. However,

307

comparing drug permeation from all gel formulations suggests that drug release is directly

308

proportional to the concentration of carbopol. This may be due to increase in the ionized

AC
C

299

cm s-1) of NP, G2, G3 and G4 were found to be 3.04 ± 0.09, 3.47 ± 0.05, 3.76 ± 0.12 and
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309

carboxyl groups of carbopol 934 which has caused conformational changes in the polymer chain

310

followed by swelling of polymer matrix leading to relaxation of the gel network confirming that

311

carbopol enhance the rate of permeation [20].

312

Histopathological evaluation of mucosal tissue

314

Histopathology of the nasal mucosal tissue (Figure 6) indicated absence of toxicity. Both gel

315

treated and untreated mucosal membranes showed similar microscopic tissue architecture with

316

intact columnar structure of epithelial cells.
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Stability studies of optimized NH loaded thermoreversible in-situ gel

319

Stability studies (ICH guideline Q1A (R2)) of the optimized formulation were performed with

320

respect to determining factors viz. gelation time, gel strength, mucoadhesive strength, viscosity,

321

in-vitro diffusion studies and ex-vivo permeation studies. Sample analysis after 1, 2 and 3 month

322

showed no significant change in all determining factors suggesting stability of gel formulations.
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Conclusion

332

The present study represents the formulation of thermosensitive intranasal gel for NH using

333

poloxamer 407 and carbopol 934. Formulation (G3) was found to be optimized due to its

334

desirable gelation temperature (29°C), mucoadhesive (4213 dyne/cm2) and gel strength (47 sec).

335

In-vitro release and ex-vivo permeation studies suggest that carbopol not only acts as

336

mucoadhesive agent, but also as a penetration enhancer whereas poloxamer acts as

337

thermoreversible polymer leading to sustained release of a drug for long time. In conclusion,

338

intranasal gel of NH could be a better alternative to existing conventional dosage form to

339

improve drug bioavailability and patient compliance.
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Tables Captions

460

Table 1: Composition of NH thermoreversible gel formulations.

461

Table 2: Results of Phase transition temperature of Poloxamer 407.

462

Table 3: Model fitting for NH thermoreversible gel formulations.

463
464

Table 1: Composition of NH thermoreversible gel formulations

465

Drug
(% w/v)

Poloxamer 407
(% w/v)

NS
NG
G1
G2
G3
G4
G5

Pure drug solution (0.5%)
0.5
0.5
0.5
0.5
0.5
0.5

-18
18
18
18
18
18
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--0.1
0.2
0.3
0.4
0.5
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Carbopol 934
(% w/v)
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Table 2: Results of Phase transition temperature of Poloxamer 407.
Sr No

Poloxamer 407 (% w/v)

Gelation temperature (°C)

1
2
3
4
5
6

15
16
17
18
19
20

No gelling till 42
No gelling till 40
Viscosity increased at 38
32–33
30–31
26–27
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Table 3: Model fitting for NH thermoreversible gel formulations.
Formulation
Code

PG

G2

G3

Parameters

R2

Parameters

R2

Parameters

Zero (K0)

5.18

0.92

5.91

0.94

6.03

First (K1)

0.07

0.98

0.09

0.99

0.09

Higuchi (KH)

14.5

0.94

16.5

0.94

16.9

Korsemeyerpeppas (KKP)
HixsonCrowell (KKC)

10.26,
n=0.69

0.98

11.11,
n=0.71

0.99

0.02

0.99

0.03

0.98

Parameters

R2

0.91

6.41

0.95

0.99

0.09

0.99

0.94

17.81

0.93

11.66,
n=0.69

0.99

11.11,
n=0.74

0.99

0.03

0.97

0.03

0.98
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Figure captions

475
476

Figure 1: Drug compatibility studies by FTIR. 1a. NH, 1b. Mixture of NH + Carbopol 934 +
Poloxamer 407.

477

Figure 2: Study on effect of concentration of carbopol 934 on phase transition temperature.

478
479
480

Figure 3: Evaluation of NH in-situ gel. 3a. Viscosity of gel formulations, 3b. Gel strength (sec)
and 3c. Mucoadhesive strength of gel formulations (dynes/cm2). All determinations are
expressed in mean ± Std. Dev (n=3).

481
482

Figure 4: In-vitro drug release studies of gel formulations through dialysis membrane. All
determinations are expresed in mean ± Std. Dev (n=3)

483
484

Figure 5: Ex-vivo permeation studies of gel formulations through sheep nasal mucosa. All
determinations are expresed in mean ± Std. Dev (n=3)

485
486
487

Figure 6: Histopathological evaluation of sections of sheep nasal mucosa. 6a. mucosal tissue
incubated in PBS (treated), 6b. mucosal tissue incubated in diffusion chamber with G3
formulation (untreated).
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Figure 1: Drug compatibility studies by FTIR. 1a. NH, 1b.Mixture of NH + Carbopol 934p +
Poloxamer 407.
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Figure 2: Study on effect of concentration of carbopol 934P on phase transition temperature.
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Figure 3: Evaluation of NH in-situ gel. 3a. Viscosity of gel formulations, 3b. Gel strength (sec)
and 3c. Mucoacdhesive strength of gel formulations (dynes/cm2). All determinations are
expressed in mean ± Std. Dev (n=3).
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Figure 4: In-vitro drug release studies of gel formulations through cellophane dialysis membrane.
All determinations are expresed in mean ± Std. Dev (n=3)
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Figure 5: Ex-vivo permeation studies of gel formulations through sheep nasal mucosa. All
determinations are expresed in mean ± Std. Dev (n=3)
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Figure 6: Histopathological evaluation of sections of sheep nasal mucosa. 6a. mucosal tissue
incubated in PBS (treated), 6b. mucosal tissue incubated in diffusion chamber with G4
formulation (untreated).
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Abstract

Keywords

Gemcitabine-loaded solid lipid nanoparticles (SLNs) were produced by double emulsification
technique using stearic acid as lipid, soy lecithin as surfactant and sodium taurocholate
as cosurfactant. Prepared nanoparticles are characterized for particle size and surface
morphology using scanning electron microscopy (SEM). Particle yield, entrapment efficiency
and zeta potential were also determined. In-vitro release studies were performed in
phosphate-buffered saline (PBS) pH 7.4 using metabolic shaker. The formulation F6 with
maximum entrapment efficiency 72.42% and satisfactory in-vitro release was selected. In-vivo
tissue distribution to liver, spleen, lung, heart and kidneys of optimized formulation followed
by stability study under specific conditions were also determined. This investigation has
shown preferential drug targeting to liver followed by spleen, lungs, kidneys and heart.
Stability studies showed no significant change in the particle size followed with very slight
decrease in entrapment efficiency at 25  2  C/60  5% RH over a period of three months.

Entrapment efficiency, gemcitabine, in-vivo
tissue distribution, solid lipid nanoparticles,
stearic acid

Introduction
Among various novel colloidal carriers present today, solid
lipid nanoparticles (SLNs) have versatile potential for safe
and nontoxic formulation of cytotoxic drugs, and achieves
site-specific drug release. SLNs are made from solid lipids,
which combines the advantages of other innovative carrier
systems while at the same time minimizes the associated
problems. These possible benefits include physical stability,
protection of incorporated labile drugs from degradation,
controlled release and excellent tolerability (Wissing et al.,
2004). SLNs are particulate systems for parenteral drug
administration with mean particle diameters ranging from 50
to 1000 nm and they are composed of wide variety of lipids
including lipid acids, mono-, di-, or triglycerides, glyceride
mixtures or waxes, and stabilized by the biocompatible
surfactant(s) of choice (non-ionic or ionic). At room temperature, the particles are in the solid state, therefore the
mobility of incorporated drugs is reduced, which is prerequisite for controlled drug release. They have potential to
incorporate lipophilic or hydrophilic drugs or diagnostics
(Muhlen et al., 1998; Utreja & Jain, 2002; Reddy et al., 2007).
Intravenous studies show that liver is the major organ depot
for nanoparticles followed by spleen for particles in the size
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range of 200–300 nm (Garnett & Kallinteri, 2006; De Jong
et al., 2008; Sarlo et al., 2009).
Gemcitabine is a nucleoside analog used as a form of
chemotherapy for non-small cell lung, pancreatic, bladder
and breast cancer. It is being investigated for use in
esophageal cancer and is used experimentally in lymphomas
and various other tumor types. Gemcitabine represents an
advance in pancreatic cancer care. The major limitation of
gemcitabine is short half life and strong side effects when
administered intravenously (Li et al., 2009; Jia et al., 2010).
Short half lives are commonly due to fast renal clearance,
decreased protein binding and enzymatic degradation (Werle
& Bemkop Schnurch, 2006). Inherent drawbacks of parenteral
gemcitabine administration warrant an alternative drug
delivery system. SLNs offer great promise to improve
therapeutic effectiveness and safety profile of the conventional form of cancer chemotherapy. Hence in the present
work an attempt is being made to provide an alternative
colloidal drug delivery system for gemcitabine in the form of
SLNs.

Materials
Gemcitabine hydrochloride was purchased from Aarti industries limited (Mumbai, India). Stearic acid (biochemistry
grade) and sodium taurocholate were purchased from Loba
Chemie Pvt, Ltd. (Mumbai, India). Soy lecithin was
purchased from Sigma Aldrich Chemicals Pvt. Ltd
(Bangalore, India). All other chemicals used were of analytical reagent grade.
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Preparation of gemcitabine-loaded SLNs
SLNs were prepared from a warm w/o/w emulsion containing
stearic acid as lipid, soy lecithin as surfactant and sodium
taurocholate as co-surfactant. Warm w/o/w multiple emulsion
can be prepared in two steps. Firstly, w/o emulsion is prepared
by adding an aqueous solution containing drug, to a mixture
of melted lipid, surfactant and co-surfactant with mechanical
stirring using a propeller stirrer (RQ 121 D, Remi Equipments
Ltd., Mumbai, India) at 80  C for 10–15 min to obtain a
colloidal system. In the second step, the formed w/o emulsion
is added to a mixture of water, surfactant and co-surfactant to
obtain a colloidal w/o/w system. SLNs can be obtained by
dispersing the warm multiple emulsion in cold aqueous
medium in a fixed ratio, under mechanical stirring with
propeller stirrer (RQ 121 D, Remi Equipments Ltd.). Factors
such as rate of addition, distance of needle from the surface
of liquid and rate of stirring were standardized to reduce
particle size. In order to obtain optimum nanoemulsion, the
needle was placed 4 cm from the surface of the water and
mixture stirred at 3000 rpm. After the complete addition of
multiple emulsion, the SLN dispersion was further stirred
for 3 h. After stirring, the SLN dispersion was subjected
to ultra sonication for a period of 10 min (Sarmento et al.,
2007; Doijad et al., 2008; Gallarate et al., 2009; Jelvehgari
et al., 2010).
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(0.133 Pa) for 5 min using an ion sputtering device (JFC1100E, JEOL, Tokyo, Japan). Then the gold-coated SLN are
observed under SEM and photographs were taken. Each
sample was measured in triplicate.
Drug entrapment efficiency
The percentage of incorporated gemcitabine (loading efficiency) was determined with a UV-Visible spectrophotometer
(UV-1201 Shimadzu, Japan) at 268 nm. The drug loaded in
SLNs was calculated with the total amount of drug subtracting with that of free drug. The drug entrapment efficiency
(EE%) and the drug loading (DL%) was determined in
triplicate, calculated by the following equation,
Entrapment efficiency ðEE%Þ ¼ Wlp =Wtotal100%
Drug loading ðDL%Þ ¼ Wlp =Wlipid100%
Where Wlp ¼ amount of drug loaded in lipid nanoparticles,
Wtotal ¼ total amount of gemcitabine, Wlipid ¼ weight of lipid
in SLNs.
Zeta potential
Zeta potential was measured using a zeta potentiometer
(Malvern Nano ZS90, Malvern, UK). To determine zeta
potential, SLN samples were diluted with double distilled
water and placed in the electrophoretic cell in a cuvette. Each
sample was analyzed in triplicate (Luo et al., 2006).

Freeze-drying of nanoparticles
In-vitro drug release studies

Usually, nanoparticles may subject to a series of stability
problems such as aggregation, fusion and leakage of
the encapsulated drug into the storage medium. One of the
approaches to resolve this problem is to freeze dry the
nanoparticles. The prepared nanoparticle formulations were
freeze-dried using Heto freeze drier (UK) at 40  C for 24 h.
The temperature and vacuum conditions were optimized to
recover completely dried SLNs. The vacuum was maintained
at 0.06 mB. The obtained freeze-dried SLNs were stored at
4  C (Cavalli et al., 1997; Konan et al., 2002; Abdelwahed
et al., 2006).

SLNs equivalent to 10 mg of gemcitabine were weighed and
transferred into a conical flask containing 50 ml of PBS pH 7.4.
Then the flask was kept in a metabolic shaker and the shaker
was adjusted to 50 horizontal shakes per minute at 37  0.5  C.
One milliliter aliquot of release medium was withdrawn at time
intervals of 1, 2, 3, 4, 6, 8, 10, 12 and 24 h and replaced by the
same volume of PBS. These samples were filtered through
0.45 mm membrane filter. The filtrate was diluted suitably
and estimated by UV-Visible spectrophotometer (UV-1201
Shimadzu, Japan) at 268 nm (Doijad et al., 2008).

Evaluation of gemcitabine loaded SLNs

In-vivo drug targeting studies

Percentage yield

This study was carried out after obtaining the due permission
for conduction of experiments from relevant ethics committee
(KLEU College of Pharmacy, Belgaum) which is registered
for ‘‘Teaching and Research on Animals’’ by committee for
the purpose of control and supervision of experiments on
animal, Chennai (Registration number 221/CPCSEA).
This study was carried out to compare the targeting
efficiency of gemcitabine-loaded SLNs with that of free drug
in terms of percentage increase in targeting various organs of
reticuloendothelial system (RES) like pancreas, liver, lungs,
spleen and kidneys. Experiments were performed on Wistar
rats of 200–250 g weight. All the experiments were carried
out in accordance with the protocols approved by the
institutional animal ethics committee (KLEU College,
Belgaum, India).
Nine healthy adult rats weighing 200–250 g were selected,
a constant day and night cycle was maintained and they were

Percentage practical yield is calculated to know about percent
yield or efficiency of any method, thus it helps in selection of
appropriate method of production. Practical yield was
calculated as the weight of dried SLNs recovered from each
batch in relation to the sum of the starting material.
Particle size and surface morphology
Particle size analysis was done by scanning electron microscopy (SEM) (JEOL JSM-T330A, Tokyo, Japan). It has been
used to determine particle size and surface morphology of
nanoparticles. Approximately 2 mg of SLN was dispersed in
de-ionized water. A few drops of this suspension were placed
on a metal stub and allowed to air dry to form a thin uniform
layer of particles on the metal stub. The stub was then coated
with gold–palladium alloy (200 nm) under reduced pressure
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fasted for 12 h. The animals were divided into three groups,
each containing three rats. Group I received SLNs equivalent
to 673.8 mg of gemcitabine intravenously in the tail vein
after re-dispersing them in sterile PBS solution (Sacchi
et al., 2006). SLNs from F6 batch were selected for the study.
Group II rats received 673.8 mg of pure gemcitabine intravenously. Group III rats were treated as solvent control and
were injected intravenously with sterile PBS solution.
After 24 h, the rats were sacrificed and their pancreas,
liver, lungs, spleen and kidneys were isolated. The individual
organs of each rat were homogenized separately by using a
tissue homogenizer (Remi Motors Ltd, Mumbai, India) and
the homogenate was centrifuged at 15000 rpm for 30 min.
The supernatant was collected and filtered through 0.45 mm
filter (Millipore Molsheim, France) and analyzed after
dilution with PBS as per the previously reported high
performance liquid chromatography (HPLC) method (Hirn
et al., 2011).
Stability studies
The optimized formulation of gemcitabine-loaded SLNs was
tested for their stability. Freshly prepared freeze-dried three
samples of optimized SLNs are sealed in vials and were
placed in a stability chamber maintained at 25  2  C/60  5%
RH. With a sampling frequency of one month, sealed SLNs in
stability chamber were analyzed over three months for
particle size and entrapment efficiency (The European
Agency for the Evaluation of Medicinal Products, 2003).
Statistical analysis

3

The amount of drug bound per 10 mg of dried lipid
nanoparticles was determined. Table 1 shows the results of
the drug entrapment efficiency and zeta potential in each of
these formulations. The maximum entrapment efficiency was
found to be 72.42  1.13% in F6 and minimum entrapment
efficiency was found to be 52.86  0.90% in F1. Therefore,
the formulation having the highest encapsulation parameters
was selected for in-vivo tissue distribution and stability study.
The stability of the formulation was evaluated by measuring
the zeta potential of the particles by zeta potentiometer.
Zeta potential of all formulated nanoparticles was in the range
of 17.4  0.85 to 21.9  0.41 mV. The results are shown
in Table 1.
All the six formulations of gemcitabine-loaded SLNs were
subjected to in-vitro release studies. These studies were
carried out using metabolic shaker in pH 7.4 PBS. The
cumulative percent drug release of formulations from F1 to
F6 after 24 h was 93.53%, 86.09%, 84.08%, 82.19%, 78.48%
and 71.95%, respectively. The release data obtained for
formulations F1, F2, F3, F4, F5 and F6 are showed in
Figure 2. Formulation F6 with highest entrapment efficiency
and satisfactory in-vitro release was selected for in-vivo drug
targeting studies. The amount of drug targeted from SLNs
and free drug in various organs is presented in Table 2.
The average targeting efficiency of drug-loaded SLN was
found to be 23.23  0.36% of the injected dose in liver,
12.62  0.44% in spleen, 9.68  0.12% in lungs, 3.58  0.20%
in kidneys and 7.14  0.26% in heart, whereas accumulation
of pure drug was 12.01  0.27% in liver, 8.01  0.14% in
spleen, 6.31  0.42% in lungs, 2.36  0.32% in kidneys and

Significance of differences was evaluated using the Student’s
t-test at the probability level of 0.05. All the values are
reported as mean  standard error of mean (SEM) of three
determinations.

Table 1. Drug entrapment efficiency and zeta potential of gemcitabineloaded SLNs.

Results

F1
F2
F3
F4
F5
F6

The drug–lipid interactions are assessed by running Fourier
transform infrared spectroscopy (FTIR) and differential
scanning calorimetry (DSC) for the pure gemcitabine, stearic
acid, and for the physical mixture of gemcitabine and stearic
acid, and for gemcitabine nanoparticles. All the characteristic
FTIR peaks of drug and stearic acid were present in the
combination spectra indicating compatibility of the drug with
the polymer used. DSC thermogram of pure drug showed a
sharp melting peak at 266.5  C, whereas stearic acid exhibited
melting peak at 56.4  C. No significant change in the position
of endothermic peaks was observed between physical mixture
drug and stearic acid. Percentage yield of formulations F1 to
F6 by varying drug to lipid ratio was determined and is
presented in Table 1. During the study, other formulation
variables such as amount of surfactant, volume of continuous
phase and the processing variables such as stirring speed and
stirring time were maintained constant. Particle size and
surface morphology of all the formulations were determined
under SEM (JEOL JSM-T330A). Average particle size of
gemcitabine-loaded SLNs of formulations F1 to F6 was found
to be 127, 145, 173, 199, 238 and 263 nm, respectively.
Scanning electron photomicrograph of formulation F6 is
shown in Figure 1.

Formulations

Percentage
yield

% Drug entrapment
efficiency

Zeta potential
(mV)

56.83
60.52
64.02
69.51
72.63
79.58

52.86  0.90
56.98  1.42
59.16  1.29
62.31  0.87
65.42  1.13
72.42  1.13

17.4  0.85
16.3  1.30
14.7  1.14
12.9  0.41
15.7  0.54
11.4  1.50

Each value represents mean  SEM for n ¼ 3.

Figure 1. Scanning electron photomicrograph of formulation F6.
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5.77  0.19% in heart of the injected dose. Results of stability
study of the selected formulation F6 for two parameters
namely particle size and entrapment efficiency is shown in
Table 3.
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Discussion
The aim of this study was to prepare gemcitabine-loaded
SLNs and to investigate their physical characteristics and
tissue distribution efficiency. From the results of FTIR and
DSC, physical incompatibility between the components was
discarded. The particle size analysis shows that increase in
concentration of lipid resulted in the increase of particle size.
SEM study revealed that the particles were of spherical shape
with smooth and nonporous surface. The increase of particle
size was followed by increase in drug pay load and
entrapment efficiency of gemcitabine in lipid nanoparticles.
This may be due to the increased lipid concentration in the
lipid formulation. Negative charge of zeta potential values

Figure 2. In-vitro release profile for different formulations of gemcitabine-loaded SLNs formulations F1 to F6.

indicates that they are moderately stable, which may be
attributed by the presence of surfactant soy lecithin.
The in-vitro release data show cumulative percent drug
released as a function of time for different formulations of
gemcitabine-loaded SLNs in Figure 2. The in-vitro release of
all the six batches of SLNs showed an interesting bi-phasic
release with an initial burst effect. In the first hour, drug
released was 12.76%, 14.72%, 17.8%, 19.42%, 20.79% and
21.18% for F1, F2, F3, F4, F5 and F6, respectively.
Afterwards, the drug release followed a steady pattern. The
burst release in the first hour can be attributed to the drug
loaded on the surface of SLNs. The same pattern of release is
reported for curcumin (Tsai et al., 2011). The values of invitro release were attempted to fit into various mathematical
models like zero order, first order, Higuchi matrix, Peppas
and Hixson Crowell. Models with the highest correlation
coefficient were judged to be the most appropriate model for
the dissolution data. For formulations F2, F3 and F5 the best
fitting linear parameter was that of Higuchi matrix with the
‘n’ value of 0.4269, 0.4348 and 0.4521, respectively. This
indicates that the drug release is controlled by diffusion of the
drug through the pores. On the other hand, formulations F1,
F4 and F6 best fitted into the Peppas model with the ‘n’ value
of 0.5645, 0.5720 and 0.593, respectively.
Therefore, the formulation with high encapsulation efficiency and satisfactory in-vitro release was selected for
further studies. The results of in-vivo tissue distribution
revealed that higher concentration of drug was targeted to the
RES organs after administering the dose in the form of SLNs
when compared with pure drug. The average targeting
efficiency of gemicitabine-loaded SLNs was significantly
(p50.05) higher compared with the pure drug. The selected
F6 formulation with mean particle size of 263 nm showed
preferential drug targeting to liver followed by spleen, lungs,
heart and kidneys. This is attributed by the higher
phagocytotic rates for the uptake of nanoparticles in liver
and spleen, than cells of other tissues. A similar phenomenon
was observed in the selective targeting of albumin nanospheres (Li et al., 2009). The results of stability testing
revealed that there was no significant change in the mean

Table 2. In-vivo targeting studies of gemcitabine-loaded SLNs for formulation F6.
Pure gemcitabine

Gemcitabine loaded SLNs

Organs

Group I
% Drug content

Group II
% Drug content

Group III
% Drug content

Mean% drug
content

Group I
% Drug content

Group II
% Drug content

Group III
% Drug content

Mean% drug
content

Liver
Spleen
Lungs
Kidneys
Heart

14.64  0.22
7.87  0.10
6.19  0.36
3.65  0.10
6.43  0.14

16.96  0.28
9.12  0.14
5.64  0.41
4.44  0.56
5.32  0.18

16.45  0.32
7.04  0.19
7.12  0.48
5.01  0.31
5.57  0.25

12.01  0.27
8.01  0.14
6.31  0.42
2.36  0.32
5.77  0.19

22.31  0.31
12.83  0.51
9.10  0.05
4.32  0.12
7.54  0.23

23.42  0.41
11.69  0.42
8.20  0.17
2.92  0.33
6.73  0.25

23.98  0.35
13.41  0.40
11.76  0.15
3.52  0.15
7.15  0.30

23.23  0.36
12.62  0.44
9.68  0.12
3.58  0.20
7.14  0.26

Each value represents mean  SD for (n ¼ 3).
Table 3. Stability study of freeze-dried formulation F6 for particle size and entrapment efficiency assessment over three months.
Test period

Stability parameters
Particle size
Entrapment efficiency (EE%)

0 month

1 month

2 months

3 months

263 nm
72.42  1.13%

269 nm
71.95  0.95%

273 nm
71.02  0.73%

278 nm
69.99  1.17%

Each value represents mean  SEM for (n ¼ 3).
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particle size and there was a very slight decrease in the
entrapment efficiency (%) which may be due to the expulsion
of drug from lipid matrix during storage.

Conclusion
Gemcitabine-loaded SLNs prepared by double emulsification
technique showed controlled drug release when compared to
free drug. In-vivo tissue distribution study of the optimized
solid lipid formulation showed increase in cellular uptake by
various organs over free drug. The poor entrapment efficiency
may nevertheless be pointed as a major drawback in SLN
formulation. Therefore, these lipid nanoparticles can be used
as colloidal carrier for improving cellular uptake of drug
molecules and controlled release.
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ABSTRACT
Objective: The aim of the research work is to formulate emulgel of Meloxicam for topical application.

Methods: The method used for preparation of microemulsion was water titration method with Oleic acid as oil phase, Tween 20 as surfactant and
PEG 400 as co-surfactant and its concentrations were fixed based on Pseudoternary phase diagrams. The optimized emulsion formulation was
incorporated into the gel matrix that is Carbopol981 NF and Carbopol 974 P NF.

Results: The prepared emulsions were characterized for globule size, drug content, zeta potential and the emulgel for physical appearance, drug
content, pH, viscosity, spreadability, extrudability and in vitro drug release studies. The optimized emulsion formulations E1 and F1 showed globule
size of 176 nm and 128 nm respectively and the emulgel formulation M2F1 with 1.5% Carbopol 981 and optimized F1 emulsion formulation
showed in vitro drug release of 89.934% at the end of 8 h. The optimized formulation showed no skin irritation when compared with standard
irritant 0.8% of Formalin. The optimized formulation showed better anti-inflammatory effect when compared with marketed formulation.

Conclusion: Meloxicam was proven to be a suitable candidate for formulating emulgel for topical delivery to achieve better patient compliance.
Keywords: Meloxicam, Emulgel, Topical application, Carbopol 981NF, Carbopol 974 P NF, Oleic acid, Tween 20 and PEG 400.
INTRODUCTION
Meloxicam is a non-steroidal anti-inflammatory agent with analgesic
and anti-inflammatory effect, used for the treatment of rheumatoid
arthritis and osteoarthritis. Meloxicam belongs to the class of
preferential COX-2 inhibitors. It is a newer congener of Piroxicam.
Meloxicam is a poorly water soluble drug having solubility of 7.15
mg/l and protein binding of 99.4% and it exhibits gastrointestinal
side effects like gastric bleeding, ulceration and perforation of
stomach, small and large intestine when given orally [1].

Topical delivery can be defined as the application of drug containing
formulation to skin to directly treat the cutaneous disorders or the
cutaneous manifestation of general disease with the intent of
confining the pharmacological or other effect of the drug to the
surface of skin or within the skin. Most widely used semisolid
preparations includes gel, creams, ointments etc

The U. S. P defines gel as a semisolid system consisting of dispersions
made up of either small inorganic particles or large organic molecules
enclosing and interpenetrated by liquid. The gel contains the larger
amount of aqueous or hydroalcoholic liquid in a network of colloidal
solid particles which may consist of inorganic or organic substances.
Inspite of many advantages of gels a major limitation is in the delivery
of hydrophobic drugs. So to over this limitation an emulsion based
approach is being used so that even a hydrophobic therapeutic moiety
can enjoy the unique properties of gels.
When emulsions and gels are used in combined form, the dosage
form is referred to as “Emulgel”. The presence of gelling agent in the
water phase converts the classical emulsion into an emulgel. The
Emulgel are hydrogel containing randomly distributed oil micro
droplets.

Emulsions are biphasic systems in which one immiscible liquid is
dispersed into other due to which the system becomes unstable and
so stabilized by adding an emulsifying agent. Emulsion itself is a
controlled release system where entrapped drug particles in
internal phase passes through the external phase and then slowly
gets absorbed into the skin. The gel forms a cross linked network
where it captures small drug particles and provides its release in a
control manner.

Emulgel are emulsions either oil-in-water or water-in-oil type which
are gelled by mixing with a gelling agent. They have high patient
acceptability because of its favorable properties such as being
thixotropic, grease less, easily spreadable, easily removable,
emollient, nonstaining, long shelf life, biofriendly, transparent and
pleasing appearance [2, 3].

Microemulsions are homogeneous, transparent, thermodynamically
stable dispersions of water and oil stabilized by addition of
surfactant, usually in combination with co-surfactant and whose
droplet size is in the range of 20-200 nm. Since microemulsions have
large surface area, they can incorporate in their core larger
quantities of molecules which are insoluble in the continuous phase.
The main difference between emulsion and microemulsion is the
size and the shape of the droplets and since the size of the droplets
in microemulsion is much smaller than the wavelength of visible
light the microemulsions are transparent. The microemulsions are
prepared with high concentration of surfactant which is useful in the
greater stabilization of hydrophobic drugs and also requires lesser
amount of energy.

To overcome the disadvantages of Meloxicam in the oral delivery an
attempt has been made in the present study to formulate emulgel of
Meloxicam by incorporating microemulsion of Meloxicam in the gel base.
MATERIALS AND METHODS
Materials used
Meloxicam was obtained as a gift sample from Unichem Laboratories
Pvt limited Goa India. Carbopol 981NF and 974 P NF were obtained
as the gift sample from Lubrizol Mumbai India. Oleic acid was
obtained from Merck Specialist Mumbai India. Tween 20 and PEG
400 were obtained from Hi-media Mumbai India. All the other
chemicals and reagents used were of analytical grade.

Methods

Saturation solubility in oils, surfactant and co-surfactant
Excess amount of drug was added to 10 ml vials containing 10 ml of
oil (Castor oil, sunflower oil, olive oil and oleic acid), Surfactants
(Tween 20,Tween 60, Tween 80, Span 20 and Span 80) and co-
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surfactants (PEG 400, PEG 600 and Propylene Glycol) respectively
and then it was kept on a mechanical shaker for 72 h. After 72 h
solution were centrifuged for 10 min at 3000 rpm and then the
supernatant was filtered and UV absorbance was taken at 341 nm by
suitable dilution with Chloroform [4, 5].
Construction of pseudoternary phase diagrams

PEG 400 respectively. The mixture of oil, surfactant and cosurfactant at certain weight ratios was diluted with water drop-wise,
by vortexing with vortex mixture after being equilibrated, the
mixtures were assessed visually and determined as being micro
emulsion, crude emulsions or gel [6].

Pseudoternary phase diagrams were constructed using Chemix
school 3.60 software. The method used for the study was water
titration method and it helps to determine the concentration range
of components for the existing range of microemulsion. Three phase
diagrams were prepared with 1:1, 2:1 and 3:1 ratio of Tween 20 to

Meloxicam was dissolved in the mixture of oil, surfactant, and cosurfactant with varying component ratio as shown in the table 1 and
then an appropriate amount of water was added to the mixture drop
by drop while continuous stirring with magnetic stirrer at ambient
temperature, until a clear phase was obtained [7].

Preparation of emulsion

Table 1: Formulation table of Meloxicam emulsion preparation

S.
No.
1
2
F
4
5
6
7
8
9

Formulation
code
E1
E2
E3
F1
F2
F3
G1
G2
G3

S: Cos ratio
[S mix ]
1:1
1:1
1:1
2:1
2:1
2:1
3:1
3:1
3:1

Oil: Smix
ratio
1:9
2:8
3:7
1:9
2:8
3:7
1:9
2:8
3:7

Amount of drug
added (mg)
200
200
200
200
200
200
200
200
200

Characterization of emulsion
The prepared emulsion formulations of emulsions were evaluated
for drug content, Globule size and Zeta potential.
Drug content of emulsion

1 ml of emulsion was taken and added to 10 ml volumetric flask,
with making up its volume and further dilutions with chloroform
and UV absorbance was taken at 341 nm. The microemulsion
without drug was used as a blank. The values obtained were used to
calculate the concentration of drug in emulsion [8].
Globule size determination

The globule size distribution of the formulations was measured by
Nanotrac particle size analyzer [Microtrac/Nanotrac A150, Korea].

Approx. theoretical
drug content (mg)
217.209
199.39
181.55
202.24
219.723
201.37
220.96
154.032
195.63

Total volume of
mixture (ml)
10
10
10
10
10
10
10
10
10

Amount of
water (ml)
5
2.3
1.3
10
2.5
1.8
35
5
1.4

0.1 ml of the emulsion was taken and it was diluted to 250 ml with
distilled water and then the readings were taken.
Zeta potential

Zeta potential of all the formulations was measured by using Zeta
meter instrument [UNITRON FSB (4X) Japan]
Formulation of emulgel

The Carbopol 981 NF and 974 P NF in the concentration of 1.5%
and 2% were swelled in distilled water and the optimized
emulsion formulation was added to the gel base. The emulsion
equivalent to 0.5% of Meloxicam was added to the gel base. The
pH was adjusted using Triethanolamine; glycerin was added as
humectant and Methyl paraben, Propyl paraben as the
preservatives.

Table 2: Formulation table of emulgel containing Meloxicam

Ingredients
Meloxicam emulsion equivalent to
Carbopol 981
Carbopol 974
Glycerin
Triethanol amine
Methyl Paraben
Propyl Paraben
Distilled water q. s

M1E1
0.5%
1.5%

1%
0.02%
0.03%
0.03%
100 ml

M2F1
0.5%
1.5%

1%
0.02%
0.03%
0.03%
100 ml

Characterisation of emulgel
Physical examination
The prepared Emulgel formulations were inspected visually for their
color, homogeneity and consistency.

Drug content

1 gm of emulgel was accurately weighed and dissolved in 100 ml of
chloroform and it was kept for sonication for 2 h. The solution was
passed through filter paper and filtered. The absorbance was
measured spectrophotometrically at 341 nm against corresponding
Emulgel without drug as blank. Drug content was calculated using
the slope and the intercept obtained by linear regression analysis of

M’1E1
0.5%
2%

1%
0.02%
0.03%
0.03%
100 ml

M’2F1
0.5%
2%

1%
0.02%
0.03%
0.03%
100 ml

NIE1
0.5%

1.5%
1%
0.02%
0.03%
0.03%
100 ml

N2F1
0.5%

1.5%
1%
0.02%
0.03%
0.03%
100 ml

N’1E1
0.5%

2%
1%
0.02%
0.03%
0.03%
100 ml

N’2F1
0.5%

2%
1%
0.02%
0.03%
0.03%
100 ml

the standard calibration curve. All the measurements were carried
out in triplicates [9].
pH

The pH of various emulgel formulations was determined by using
digital pH meter. 1 gm of emulgel was dissolved in 100 ml of distilled
water and stored for 2 h. The measurements were carried out in
triplicates.
Viscosity

The measurement of the viscosity of the prepared emulgel was done
with a Brookfield Rheometer. The emulgel was rotated at 1rpm and
the corresponding dial reading was noted. The viscosity of the gel
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was obtained by that reading. The viscosity was measured in cPs.
The measurements were carried out in triplicates [10].
Spreadability

It indicates the extent of the area to which emulgel readily spreads
on application to skin or affected part. The spreadability was
performed by taking two slides of 5 cm each. The down slide which
was kept fixed, 1 gm of emulgel was placed on it and the other slide
was kept on top of it and weight of 5 gms was placed on top of upper
slide and it was kept in the same position for 5 min. The weight was
removed and the time required to remove the upper slide was noted
down. Lesser the time taken for the separation of two slides, better
the spreadability. It is calculated by using the formula:
S=

MXL
T

Where, M = weight tied to upper slide
L = length of glass slide

T = time taken to separate the slides [11]
Extrudability

Extrudability test is based upon the determination of weight
required to extrude 0.5 cm ribbon of emulgel in 10 sec from
lacquered collapsible aluminum tube. The test was performed in
triplicate and the average values were calculated. The extrudability
was then calculated by using the following formula. [12]
Extrudability =

weight applied to extrude emulgel from tube(gm)
Area(cm²)

In vitro release study

The in vitro drug release studies of the Emulgel were carried out in
modified Franz Diffusion cell using the dialysis membrane. Emulgel
(1 gm) was spread uniformly on the dialysis membrane. 50 ml of the
Phosphate buffer of pH 6.8 was used as dissolution media which
were added to the receptor compartment. This whole assembly was
kept on a magnetic stirrer and the solution on the receptor side was
stirred continuously using a magnetic bead and temperature of the
cell was maintained at 37±0.5 °C Sample (1 ml) was withdrawn at
suitable time intervals and replaced with the equal amounts of fresh
dissolution media. Samples were analyzed spectrophotometrically at
361 nm and the cumulative % drug release was calculated. The
study was carried out in triplicates. The graph is plotted of %
cumulative drug releases versus time [11].
Drug release kinetics
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GROUP I (Control Group): Carragenan (1%) was administered in the
plantar surface of rat.

GROUP II (Standard group): Topical marketed Piroxicam gel (Pirox
gel)+Carragenan.
GROUP III (Test Group): Optimized formulation M2F1+Carragenan

Edema was induced on the left hind paw of the rats by subplantar
injection of 1% Carragenan. The test formulation i.e. M2F1 and
Standard i.e. Pirox gel were applied 30 min before carrageenan
administration. The paw volume was measured at intervals of 30,
60, 90, 120, 150 and 180 min by mercury displacement method
using Plethysmometer.
The percentage inhibition of paw edema in drug treated group was
compared with Carragenan control group and calculated according
to the formula:
𝑉𝑉𝑉𝑉 − 𝑉𝑉𝑉𝑉
% 𝐼𝐼𝐼𝐼ℎ𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖𝑖 𝑜𝑜𝑜𝑜 𝑡𝑡ℎ𝑒𝑒 𝑑𝑑𝑑𝑑𝑑𝑑𝑑𝑑 = �
� 𝑥𝑥 100
𝑉𝑉𝑉𝑉

Vc = inflammatory increase in paw volume of control group

Vt= inflammatory increase in paw volume in (drug+Carragenan)
treated animals [14].
Stability studies

Short term stability study was performed on the optimized
formulation. The formulation was subjected to different conditions
of temperature and relative humidity i.e. 25oC/60% RH and 40 oC/
65% RH for a period of 2 mo. Samples were withdrawn at the
interval of 1 mo and were evaluated for rheological properties, drug
content and %CDR [15].
RESULTS AND DISCUSSION

Saturation solubility in oils, surfactants and co-surfactants
Inorder to screen appropriate solvents for the preparation of emulsion,
the solubility of Meloxicam in various oils, surfactants and co-surfactants
was carried out and the obtained results were summarized in fig. no: 1-3.
The solubility in oleic acid was found to be 5.664 mg/ml and that in
surfactant i.e. Tween 20 is 24.336 mg/ml and in case of co-surfactants i.e.
PEG 400 is 22.68 mg/ml. Among the various oils used the highest
solubility was found in case of Oleic acid, Tween 20 has the highest
solubility among surfactant and PEG 400 among the co-surfactant. So
based on the solubility the oil i.e. oleic acid, Tween 20 and PEG 400 were
selected for the preparation of emulsion.

To analyze the mechanism for the release and release rate kinetics of
the dosage form, the data obtained from the in vitro diffusion study
were fitted in to Zero order, First order, Higuchi matrix and
Korsmeyer-Peppas model. By comparing the R2 values obtained, the
best fit model was selected.
Skin irritation test

The skin irritation test was performed on the male Wistar rat. Prior
to the experiment ethical clearance was obtained from institutional
ethical committee [Resolution no KLECOP/IAEC/Re.20-09/08/
2014]. The animals were divided in three groups i.e. control,
standard and test. The back skin of the rat of 5 cm2 was shaven one
day prior to the starting of the study. After 24 h of shaving the skin
of rat, the standard group was applied with 0.8% of Formalin which
is the standard irritant and the test group was applied with the
optimized formulation M2F1 and the rats were observed for any
irritation at the end of 24 h the animals were observed for erythema
or edema and score were given accordingly. If the formulation
produces score of 2 or less than 2 no irritation persists [13].
In vivo anti-inflammatory study

In vivo anti-inflammatory study was carried out on Wistar rats as
animal model weighing approximately 200-250 gms each. For the
study animals were divided into three groups i.e. the Control,
Standard and test. Each group containing 6 animals each.

Fig. 1: Saturation solubility of Meloxicam in oils
Construction of Pseudoternary phase diagram
The region shaded yellow showed the transparent microemulsion
region in the phase diagram. The microemulsion region for the
surfactant: co-surfactant ratio 3:1 was found to be the largest and
lowest for the 1:1 ratio. The results were shown in fig. no 4. The area
of microemulsion increased as the concentration of surfactant
increases possibly because Tween 20 is a non-ionic solvent that
forms clear solution in water, so the area of o/w microemulsion was
increased. The largest microemulsion region was obtained for the
surfactant: co-surfactant ratio of 3:1 and smallest microemulsion
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area was obtained for the ratio 1:1 and it was observed that as the
concentration of surfactant increases the quantity of water required
to obtain turbidity also increases and as more the water quantity
required the solubility of drug also decreases. On the basis of
stability the first three ratios of oil: Smix was selected from each
ratio of surfactant: co-surfactant [8].
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On the basis of result obtained it was found that the globule size
decreased as the surfactant concentration increased. The lowest
globule size was obtained for the microemulsion formulation G1i.e.
17.93 nm and the globule size of the formulations E1 and F1 were
found to be 176.8 nm and 128 nm respectively. The formulation E1
and F1 was selected as optimized microemulsion formulation based
on globule size as it was ranging in microemulsion region and there
was not much difference in the drug content of the two formulations.
The formulation G1 though had lowest particle size was not selected
as optimized as it was falling in nanoemulsion range and since
nanoemulsions are thermodynamically unstable compared to the
microemulsions.

Fig. 2: Saturation solubility of Meloxicam in surfactants
Drug content
The drug content varied from 75.48% to 93.31%. The formulation
E1 showed drug content of 93.31%, F1 was 92.34% and G1 was
91.76%. The highest drug content was found in case of E1
formulation due to greater solubilization of drug as compared to
others and even as the quantity of water required to form the
microemulsion was less in case of 1:1 ratio of surfactant: cosurfactant and 1:9 ratio of oil: Smix.
Globule size determination

The globule size of all the prepared microemulsion was evaluated on
Nanotrac. The globule size obtained was reported in the table no: 3.

Fig. 3: Saturation solubility of Meloxicam in co-surfactants.
Characterisation of Emulsion
Zeta potential determination
The Zeta potential of all formulations was found to be in the range
of-27.6 to-53.73. Based on the result of the zeta potential the
formulations were found to show moderate to good stability [16].

Fig. 4: Pseudoternary Phase diagram of surfactant: co-surfactant ratio of 1:1, 2:1 and 3:1 with oil: Smix in the ratios ranging from 1:9 to 9:1
Table 3: Evaluation parameters of Meloxicam emulsion
Formulation code
E1
E2
E3
F1
F2
F3
G1
G2
G3

Drug content (%)*
93.31±1.22
90.40±0.77
88.6±2.34
92.34±4.08
87.6±1.94
87.2±4.37
91.76±1.59
75.48±4.19
86.8±2.26

*All values are expressed as mean±SD(n=3)
Characterization of Emulgel

Appearance, Drug content and pH: All the prepared formulations
were pale yellow in appearance and they showed good homogeneity

Globule size (nm)
176.8
399
504
128
338
454
17.93
202.4
347

Zeta potential*
-53.73±1.28
-41.2±1.35
-34.5±3.76
-50.6±0.46
-38.3±0.96
-27.6±0.44
-43.28±1.62
-31.65±0.55
-28.56±0.88

and consistency. The percentage drug content of prepared emulgel
was found in the range of 90.51 to 94.98%. The results were
depicted in the table 4. The highest drug content i.e. 94.98% was
obtained for the formulation M2F1 containing optimized F1
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formulation of emulsion and gelling agent present in the
concentration of 1.5% of Carbopol 981. The pH of all the formulation
was found to be ranging from 6.54 to 6.94 which were found to be
acceptable to avoid any skin irritation as shown in fig. 5. All the
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formulations were free of any lumps and grittiness. The highest drug
content i.e. 94.98% was obtained for the formulation M2F1
containing optimized F1 formulation of emulsion and gelling agent
present in the concentration of 1.5% of Carbopol 981.

Table 4: Appearance and drug content of Meloxicam Emulgel

Formulation code
M1E1(1.5% Carbopol 981)
M2F1(1.5% Carbopol 981)
M’1E1(2%Carbopol 981)
M’2F1(2% Carbopol 981)
P1E1(1.5% Carbopol 974)
P2F1(1.5% Carbopol 974)
P’1E1(2% Carbopol 974)
P’2F1(2% Carbopol 974)

*All values are expressed as mean±SD(n=3)

Appearance
Pale yellow
Pale yellow
Pale yellow
Pale yellow
Pale yellow
Pale yellow
Pale yellow
Pale yellow

Drug content (%)*
94.18±3.713
94.98±5.074
92.38±2.153
92.78±2.645
90.51±1.43
93.59±5.256
91.18±1.707
91.98±1.361
Spreadability

Fig. 5: pH of emu gel formulations M1E1 to P’2F1
Viscosity determination
Viscosities of all the prepared emu gel formulations are shown in fig. 6
the results showed that the emu gel formulation M2F1 showed the
lowest viscosity of 12420 cPs and highest viscosity was obtained for
P’1E1 i.e. of 37550 cPs. The P’2F1 showed viscosity of 35420, P1E1
and P2F1 showed 31450 and 30100 cPs respectively. The same way
M1E1, M’1E1 and M2F1 showed viscosity of 13450, 20105 and 18430
cPs respectively. The emu gel formulation M2F1 containing 1.5 % of
Carbopol 981 and optimized emulsion formulation F1 showed the
lowest viscosity. It was found that as polymer concentration increases
viscosity also increases. The F1 microemulsion formulation contains
the larger surfactant concentration as compared to the E1 so its
viscosity decreases as mentioned by Ghodekar et al. in his work
antifungal activity of microemulsion based fluconazole gel. So higher
the concentration of surfactant and lower the concentration of gelling
agent lower the viscosity. As the concentration of polymer increases to
2% the viscosity also increases. The viscosity of formulation
containing Carbopol 974 was more than the one containing Carbopol
981 [13, 15].

Fig. 6: Viscosity of emulgel formulations M1E1 to P’2F1

The spreadability value of all the prepared emu gel was depicted in
the fig. 7. The formulation M2F1 having viscosity 12420 cPs has high
spreading coefficient of 14.13. The other formulations showed
M1E1, M’1E1, M’2F1, P1E1, P2F1, P’1E1 and P’2F1 showed
spreadability of 13.24, 11.75, 12.18, 10.25, 10.75, 8.21 and 8.84 gm.
cm/sec respectively. The spreadability is dependent on the
concentration of polymer and viscosity of the formulation. The
formulation M2F1 having viscosity 12420 cPs showed high
spreading coefficient of 14.13. The viscosity increases as the
concentration of polymer increases and as the spreadability is
dependent on the viscosity so it increases as the viscosity decreases
concluding that the formulation spreads well. The spreadability of
formulation containing 2% concentration was found to be lower
than the one containing 1.5% concentration of polymer. The
spreadability of the formulations containing differs from polymer to
polymer so the one containing Carbopol 974 spreads less than the
one containing Carbopol 981.
Extrudability

The extrudability of the prepared emulgel is depicted in fig. 7. The
formulation M2F1 has extrudability value of 15.52 gm/cm2 as its
viscosity was 12420 cPs. The other formulations M1E1, M’1E1,
M’2F1, P1E1, P2F1, P’1E1, P’2F1 showed extrudability value of
13.53, 9.95, 10.75, 7.96, 7.16, 7.56 gm/cm2 respectively. The
extrudability is dependent on the viscosity of the polymer so as the
viscosity increases extrudability decreases. As the viscosity depends
on the type of polymer and its concentration and even on the
surfactant concentration so the extrudability value of the
formulation containing M1F1 was higher as compared to other
formulations and the extrudability was found to be less for the
formulation P’2E1 containing Carbopol 974 and E1 emulsion
formulation.

Fig. 7: Spreadability and Extrudability of emulgel formulation
M1E1 to P’2F1
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In vitro drug release
The percentage cumulative drug release of all the prepared emulgel
formulations at the end of 8 h is represented graphically in the fig. 8
and 9. Maximum drug release was observed for the formulation
M2F1 i.e. of 89.934% and minimum was obtained for P’1E1 i.e. of
74.26 %. The pure drug showed release of 52.162% at the end of 8h.
It is represented graphically in fig. no 10. Maximum drug release was
observed for the formulation M2F1 i.e. of 89.934%. The reason
attributed for a higher release is the lower concentration of gelling
agent i.e. 1.5% of Carbopol 981 employed in that formulation and
the concentration of the optimized microemulsion formulation F1
which contains 2:1 ratio of surfactant and co-surfactant as the
release of drug from microemulsion may be more because of the
larger concentration of surfactant and even it has lower droplet size
and as the release rate is inversely related to particle size i.e. smaller
the droplet size higher the release.
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concentration of polymer will show lower percentage cumulative
release as the concentration increases viscosity increases which
retards the drug release. The percentage cumulative release of
optimized formulation was compared with that of the pure drug
incorporated into the Carbopol 981 gel base. The pure drug showed
release of 52.162% at the end of 8 h, as the drug being water
insoluble it may not have been properly dispersed in the gel base
and so the release is retarded [9, 11].

In vitro drug release kinetics

The best fit model in the optimized formulation was found to be the
Korsmeyer Peppas and its n value is greater than 0.89it follows
super case II transport i.e. the drug release doesn’t change over time
and it involves polymer relaxation and chain disentanglement. The
formulations P1E1 and P’1E1 follows zero order release pattern as
the correlation coefficient values are higher in case of zero order and
also the release rate is independent of the concentration of the drug.
The other formulations showed Peppas as the best fit model. The n
value of Korsmeyer Peppas is greater 0.5 so it follows the nonfickian diffusion. The n value of Korsmeyer Peppas is greater than
0.5 so it follows the non-fickian diffusion. ie drug release is both
diffusion and erosion controlled mechanism [17, 18].
Skin irritation test

The score given for the standard group was 2.5 and for test group
was 0. In case of standard group, there was moderate erythema with
barely perceptible edema was and the test group showed no
irritation. As shown in fig. 11. Since no irritation persists the
optimized formulation passes the skin irritation test.
Fig. 8: In vitro release profile of M1E1 to M’2F1containing
Carbopol 981 as gelling agent

Fig. 9: In vitro release profile of P1E1 to P’2F1 containing
Carbopol 974 as gelling agent

Fig. 10: In vitro release profile of optimized formulation and
pure drug
The release is dependent on the polymer concentration and the
viscosity of polymer. The formulation containing higher

A-Control group after shaving, B-Control group after 24 h, CStandard group (0.8% Formalin), D-Standard group after 24 h
of application of formalin, E-Test group after shaving, F-Test
group 24 h after application of optimized M2F1 formulation
Fig. 11: Skin irritation test on male Wistar Rats

Fig. 12: Percentage inhibition of anti-inflammatory study of
optimized Meloxicam loaded Emulgel formulation M2F1 and
standard Pirox gel Stability studies
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In vivo anti-inflammatory study
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The test and standard formulations exhibit anti-inflammatory effect
for 3 h and the % inhibition of standard group at the end of 3 h is
36.71% and that of the test group is 49.38 %. It can be concluded
from the above results that the test formulation shows better antiinflammatory effect as compared to the standard group. The results
were depicted in fig. 12. From the results, it was found that the
optimized formulation has better ability to decrease the paw volume
of the rat and the % inhibition was found to be more than the
standard formulation. It can be concluded from the above results
that the test formulation shows better anti-inflammatory effect as
compared to the standard group.

1.

Formulation M2F1 showed no change in appearance after 60 d of
storage. The pH, viscosity and percentage cumulative release
showed the minor difference in the values so the formulations
were found to be stable at the end of 60 d. The viscosity showed
slight increase after 30 d at 25 °C and slight decrease at the end
of 60th day. The viscosity was found to decrease at 40 °C. The
drug release was found to decrease as the temperature increases
and as the day passes. The pH of the formulation was found to
increase slightly [15].
CONCLUSION

Based on saturation solubility study Oleic acid, Tween 20 and PEG
400 were selected for the preparation of the emulsion. The emulsion
was successfully prepared using water titration method. The
optimized formulations of emulsion i.e. E1 and F1 showed globule
size of 176.8 and 128 nm respectively. The emulgel formulations
were prepared with Carbopol as gelling agent with concentrations of
1.5% and 2% using oleic acid as penetration enhancer enhances the
ease of application onto the skin. The prepared emulgel for topical
application with required viscosity, spreadability, extrudability, drug
release and stability showed better results and the optimized
formulation showed no irritation to skin and better antiinflammatory result as compared to marketed one. Thus, it can be
concluded that Meloxicam was proven to be a suitable candidate for
formulating emulgel for topical delivery to achieve better patient
compliance. The emulgel could help significantly to optimize the
targeting of the drug without a concomitant increase of the systemic
side effects.
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Abstract The purpose of this work was to develop hollow calcium pectinate beads for floating pulsatile release of
metoprolol tartrate intended for chronopharmacotherapy.
Floating pulsatile concept was applied to increase the
gastric residence of the dosage form having lag phase
followed by a burst release. To overcome limitations of
various approaches for imparting buoyancy, hollow/porous
beads were prepared by simple process of acid-base reaction during ionotropic cross-linking using low methoxy
pectin, xanthan gum, sodium carboxy methyl cellulose,
guar gum, locust bean, gellan gum and calcium chloride as
a cross-linking agent. Based on the preliminary studies
optimized polymers were selected for formulation design
with different polymers ratio concentrations. The obtained
floating beads were studied for entrapment efficiency,
buoyancy study, swelling index, surface morphology,
in vitro release, stability studies and in vivo floating study.
The floating beads obtained were porous, float up to
12–24 h. The radiological studies (X-rays) pointed out the
capability of the system to release drug in lower parts of
GIT after a programmed lag time for hypertension. The
floating beads provided expected two-phase release pattern
with initial lag time during floating in acidic medium followed by rapid pulse release in phosphate buffer. From the
accelerated stability studies, it was observed that the formulations are quite stable. All formulations followed firstorder release kinetics by diffusion mechanism. This
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Belgaum 590010, Karnataka, India
e-mail: sangamesh369@yahoo.com
V. S. Mastiholimath
Department of Quality Assurance, KLEU’s College
of Pharmacy, Belgaum, India

approach suggested the use of hollow calcium pectinate
microparticles as promising floating pulsatile drug delivery
system for site- and time-specific release of drugs acting as
per chronotherapy of diseases.
Keywords Hollow beads  Calcium pectinate beads 
Floating pulsatile drug delivery  Metoprolol tartrate 
Chronotherapy  Radiology

1 Introduction
A delivery system with a release profile that is characterized by a time period of no release (lag time) followed by a
rapid and complete drug release (pulse release) can be
called as an ideal pulsatile drug delivery system. Pulsatile
delivery system provides one or more rapid release pulses
at predetermined lag times or at specific sites resulting in
better absorption of the drug, and there by providing more
effective plasma concentration time profile (Venkatesh
2005). Natural biodegradable polysaccharides like pectin,
locust bean, guar gum, chitosan, sodium alginate and gellan
gum have been used in controlled drug delivery. Various
approaches to induce buoyancy in cross-linked beads have
been used (Whitehead et al. 2000; Iannuccelli et al. 1998;
Sriamornsak and Nunthanid 1999). The use of sodium
bicarbonate as buoyancy imparting agent to produce
floating beads is simplest among the various approaches
and has been attempted successfully by many workers
(Bussmer et al. 2003). Their floating property was based on
the evolution of CO2 when in contact with acidic environment followed by the ability of polymer gel to entrap it,
which decreases their density below one. These beads have
been used to achieve prolonged gastric residence time, for
sustained release/stomach-specific drug delivery providing
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an opportunity for both local and systemic drug action
(Rajnikanth et al. 2007).
In cardiovascular disease, capillary resistance and vascular reactivity are higher in the morning and decreases
latter in the day. Platelet agreeability is increased and
fibrinolytic activity decreased in the morning, leading to a
state of relative hypercoagulability of the blood. Therefore,
the frequencies of myocardial infarction (MI) and of sudden cardiac death are more prone from morning to noon.
Ambulatory blood pressure measurements show a significant circadian variation to characterize blood pressure.
Increased heart rate, blood pressure, imbalanced autonomic
tone, and circulating level of catecholamines controlling
the cardiac arrhythmias show important circadian variation
and trigger the genesis of the circadian pattern of cardiac
arrhythmias. Atrial arrhythmias appear to exhibit circadian
pattern usually with a higher frequency in the daytime and
lower frequency in the night time with the abnormal foci
under the same long-term autonomic regulation as normal
pacemaker tissue. According to study, ventricular tachyarrhythmias show late morning peak in the patients with
MI sometime in the distant past morning peak and afternoon peak in patients with recent MI. Both pharmacokinetics and pharmacodynamics of some oral nitrates,
calcium channel blocker and b-adrenoceptor antagonist
medications have been shown to be influenced by the circadian time of their administration (Mandal et al. 2010).
Metoprolol is a cardioselective b1-adrenergic blocking
agent used for acute MI, heart failure, angina pectoris and
mild to moderate hypertension. It may also be used for
supraventricular and tachyarrhythmias and prophylaxis for
migraine headaches. Metoprolol competes with adrenergic
neurotransmitters such as catecholamines for binding at
beta (1)-adrenergic receptors in the heart. Beta (1)-receptor
blockade results in a decrease in heart rate, cardiac output,
and blood pressure (Metoprolol tartrate (internet) 2012).
All beta blockers are nearly equally effective in decreasing
frequency and severity of attacks and in increasing exercise
tolerance in classical Angina, but cardioselective agents.
Long-term b-blocker therapy lowers risk of sudden cardiac
death among ischemic heart disease patients. In angina
pectoris, beta blockers are to be taken on a regular schedule
not on as and when required basis (Tripathi 2008).
It is moderately lipophilic drug belonging to class I of
BCS classification having high solubility and high permeability. Since the half-life of metoprolol tartrate is 3–4 h,
two multiple doses are needed to maintain a constant
plasma concentration for a good therapeutic response and
improved patient compliance (Metoprolol tartrate (internet)
2012). Although it is well absorbed in the gastrointestinal
tract, its bioavailability is 40–60 % as a result of extensive
first pass metabolism (Metoprolol (internet) 2012). Thus,
there is a strong clinical need and market potential for a

dosage form that will deliver metoprolol tartrate in a
controlled manner to a patient needing this therapy, thereby
resulting in a better patient compliance.
Multi-particulate or multiple unit systems offer various
advantages over single-unit systems. These include no risk
of dose dumping, flexibility of blending units with different
release patterns, relative merits of bioavailability more
consistent blood levels, reproducible and avoid all or none
effect. The aim of the study was to design and characterize
hollow/porous floating beads of metoprolol tartrate for
pulsatile drug delivery for the treatment of hypertension.

2 Materials and method
2.1 Materials
Low methoxy pectin (LMP) was obtained as generous gift
sample from Krishna Pectins Pvt. Ltd., Jalgaon, Maharashtra, India. Metoprolol tartrate was obtained as generous
gift sample from Astrazeneca Pharmaceuticals Pvt. Ltd.,
Bangalore (India). Xanthan gum, Sodium CMC, Guar gum
Locust bean, Gellan gum and Sodium bicarbonate from Himedia Laboratories Pvt. Ltd., Mumbai, and Calcium
Chloride from Loba Chem Pvt. Ltd., Mumbai. All other
chemicals used were of analytical grade.
2.2 Method
2.2.1 Formulation of metoprolol tartrate beads
2.2.1.1 Preliminary studies for selection of polymer combination Four formulations were prepared using different
polymers as shown in Table 1.
Evaluation parameters such as drug entrapment efficiency, buoyancy study of the beads and in vitro drug
release for the formulated beads were done and the
promising batch was selected on the basis of above
parameters for the further study.
2.2.1.2 Ionotropic gelation/bead formation A polymeric
solution was prepared by dissolving various amounts of
polymers in 15 ml of deionized water. Then, gas-forming
agent, such as sodium bicarbonate and metoprolol tartrate
(100 mg), was added into the solution (Table 2). The dispersion was sonicated for 30 min to break the lumps and to
remove air bubbles. The resultant dispersion was dropped
via a 21-gauge syringe needle into 3 % w/v calcium
chloride (CaCl2) solution containing 10 % (v/v) acetic
acid. The distance between the tip of the needle and the
surface of the CaCl2 medium was about 6 cm. The beads
formed were stirred at 150 ± 5 rpm using magnetic stirrer
for 15 min for curing. The beads were separated by
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Table 1 Preliminary studies for selection of polymer combination
Batch
no.

Drug
(mg)

Low methoxy
pectin (mg)

Xanthan
gum (mg)

Sodium CMC
cellulose (mg)

Guar
gum (mg)

FA

100

300

50

100

–

FB

100

300

50

–

FC

100

300

50

–

FD

100

300

50

–

Locust
bean (mg)

Gellan
gum (mg)

Sodium
bicarbonate (mg)

–

–

150

100

–

–

150

–

100

–

150

–

–

100

150

Table 2 Formulation code for metoprolol tartrate floating beads
Batch
no.

Metoprolol
tartrate (mg)

Low methoxy
Pectin (mg)

FCE

100

300

FCF
FCG

100
100

300
300

Xanthan
gum (mg)

Locust
bean (mg)

Sodium
bicarbonate (mg)

Deionized
water (ml)

30

120

150

15

60
120

90
30

150
150

15
15

filtration, washed three times with distilled water and
subsequently oven dried at 45 °C for 6 h (Dupuis et al.
2006).
2.2.2 Characterization of beads
2.2.2.1 Particle size analysis and surface morphology 100 beads were analyzed for their size distribution by
optical microscopy. The mean diameter was determined by
measuring the number of divisions covered by beads using
ocular micrometer previously calibrated using stage
micrometer. The surface Morphology was analyzed with a
scanning electron microscope (JEOL JSM-6360 SEM)
operated at an acceleration voltage of 5 kV (Pornsak et al.
2005; Gadad et al. 2009).
2.2.2.2 Determination of drug
entrapment efficiency Accurately weighed quantities (50 mg) of beads
from each batch were placed in 100 ml phosphate buffer, pH
7.4 and mechanically agitated on shaker at 200 rpm for 24 h.
The resultant dispersions were filtered and analyzed spectroscopically at 224 nm. The percentage entrapment efficiency
was calculated using following equation (Claire et al. 2011).
Drug entrapment efficiency %
¼ ðActual drug content in the beads
=theoretical drug contentÞ  100:
2.2.2.3 Bead porosity and bulk density The bead porosity
was assessed using mercury porosimetry (Autoscan 60
Porosimeter, Quantachrome software, USA). The pressure
was applied from 0 to 6,000 psi. The mercury intrusion
data were recorded and plotted against pressure. Standard
values for the contact angle and surface tension of mercury
were used for calculations. The bulk densities of the beads

were also measured using same mercury porosimeter
(Bulgarelli et al. 2002).
2.2.2.4 Buoyancy study Floating property of beads was
evaluated using USP XXIII type II dissolution test apparatus
(Electrolab TDT-06P, Mumbai, India) filled with 900 ml in
pH 1.2 containing 0.02 % w/v Tween 80, using paddle at a
rotation speed of 100 rpm. The temperature of medium was
maintained at 37 ± 2 °C. 100 beads of each batch were
placed in the media. Floating ability was observed visually
(Huimin et al. 2012; Mastiholimath et al. 2008).
2.2.2.5 Determination of swelling index The swelling
behavior of the beads was studied in pH 7.4 phosphate
buffer solution. Approximately 100 mg of beads was taken
in a dissolution basket and weighed; the baskets along with
the beads were immersed in 7.4 phosphate buffer solution.
The weight of the basket along with the beads was determined after 1 h, and then every hour. The swelling index
(SI) of each formulation was calculated using the following
equation (Sandolo et al. 2011; Patel et al. 2011):
%SI ¼

W2  W1
 100
W1

where, W1 is weight of the dry beads and basket and W2 is
weight of the swollen beads and basket.
2.2.2.6 In vitro drug release The dissolution study of
beads equivalent to 100 mg of metoprolol tartrate was
performed using a USP XXIII type 2 dissolution test
apparatus. The drug release study was performed in 900 ml
for 6 h in pH 1.2. Then the dissolution medium was
replaced with phosphate buffer of pH 6.8 for 3 h, the
average small intestinal transit time is about 3 h. After 9 h,
the dissolution medium was replaced with phosphate buffer
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of pH 7.4 maintained at 37.0 ± 0.5 °C at 100 rpm for 18 h.
Periodically 5 ml of sample was withdrawn and replaced
by dissolution media in order to maintain sink condition.
The withdrawn samples were filtered through a Wattman
filter paper 41 and the concentration of metoprolol tartrate
was measured spectrophotometrically at 221.5 and 224 nm
for acidic and basic media, respectively, after suitable
dilutions (Patel et al. 2011).
2.2.3 In vivo study
2.2.3.1 Radiology (X-rays) The optimized batch was
chosen for the preparation of the barium sulfate-loaded
beads. The barium sulfate beads were prepared as of
optimized batch but the drug was replaced with barium
sulfate (100 mg). Healthy rabbit weighing approximately
2.3 kg was used to assess in vivo floating behavior. Ethical
clearance for the handling of experimental animals was
obtained (CPCSEA). The animal was fasted for 12 h and
the first X-ray photographed to ensure the absence of radio
opaque material in the stomach. The rabbits were made to
swallow barium sulfate-loaded beads with 30 ml of water.
During the experiment, rabbits were not allowed to eat but
water was provided. At predetermined time intervals, the
radiograph of abdomen was taken using an X-ray machine
(Gangadharappa et al. 2011).
2.2.3.2 Stability study Stability study has become an
integral part of formulation development. It generates
information on which proposal for nature of drug or dosage
and their recommended storage conditions are based. The
accelerated stability study was conducted for selected formulation as per the ICH guidelines.
Accelerated testing 40 ± 2 °C/75 ± 5 % RH for
6 months.
As per ICH guidelines, beads of promising formulation
were selected and subjected to accelerated stability study.
Weighed quantity of the samples was kept in glass vials,
sealed with rubber plugs and exposed to controlled temperature (40 ± 2 °C) and relative humidity (75 ± 5 %) for
a period of 6 months in humidity control oven (Lab Control, Ajinkya IM 3500 Series, India).
2.2.3.3 Photo-stability study A light source that is
designed to produce an artificial daylight fluorescent lamp
combining visible and ultraviolet (UV) outputs, xenon, or
metal halide lamp is used. D65 is the internationally recognized standard for outdoor daylight as defined in ISO
10977 (1993). ID65 is the equivalent indoor indirect daylight standard. For a light source emitting significant
radiation below 320 nm, an appropriate filter may be fitted
to eliminate such radiation. After 1, 2, 3 and 6 months, the
samples were taken out and analyzed for drug entrapment

efficiency, buoyancy study, and in vitro release (Gadad
et al. 2009; Amrutkar et al. 2012).
2.2.3.4 Release kinetics One of the most important and
challenging areas in the drug delivery field is to predict the
release of the active agent as a function of time using both
simple and sophisticated mathematical models. The importance of such models lies in their utility during both the
design stage of a pharmaceutical formulation and the
experimental verification of a release mechanism. In order to
identify a particular release mechanism, experimental data of
statistical significance are compared to a solution of the
theoretical model. To analyze the mechanism for the drug
release and drug release rate kinetics of the dosage form, the
data obtained was fitted into Zero order, First order, Higuchi
matrix and Korsmeyer-Peppas. In this study by comparing
the R2 values obtained, the best-fit model was selected.
Drug release kinetics can be analyzed by various
mathematical models, which are applied considering the
amounts of drug released from 0 to 24 h. The following
plots were made: Cumulative percentage drug release
versus time (zero-order kinetic model); log cumulative percentage drug remaining versus time (first-order
kinetic model); cumulative percentage drug release versus
square root of time (Higuchi model); and log cumulative percentage drug remaining versus log time (Korsmeyer’s Peppas model) (Lin and Kawashima 1987).

3 Result and discussion
3.1 Pre-formulation study
3.1.1 Compatibility study
The FT-IR spectra of pure metoprolol tartrate and the
combination of metoprolol tartrate with the polymer show
similar characteristic functional peak. The similarity in the
peaks indicates the compatibility of metoprolol tartrate
with polymers as shown in Fig. 1.
3.1.2 Formulation of floating calcium pectinate beads
Based upon the results of preliminary study, FC formulation was selected for further studies because it showed
highest entrapment efficiency of 70.89 %, produced floating beads buoyancy for 24 h and highest in vitro drug
release of 96.04 %.
Three formulations (FCE, FCF and FCG) of metoprolol
tartrate beads were made. The formulations were prepared
by varying polymer ratio and keeping the concentration of
drug and other ingredients same as showed in table: the
method used to prepare the calcium pectinate beads by
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Fig. 1 FTIR spectra

dripping method using 21-gauge needle into the 3 % calcium chloride solution containing 10 % v/v acetic acid.
The beads were formed due to the cross-linking of the
pectin with divalent calcium ions of the calcium chloride
solution. The reaction between sodium bicarbonate and
acetic acid was occurred liberating carbon dioxide as gas
bubbles which are responsible for floating of beads.
3.1.3 Characterization of beads
3.1.3.1 Particle size analysis and surface morphology The mean surface diameter of all three formulations
was between 1.134 ± 0.018 and 1.198 ± 0.008 (mm),

tabulated in Table 3; this indicates that size of beads
increased significantly with increase in viscosity there by
subsequent increase in interfacial tension, resulting in the
formation of larger particles.
Surface morphology of beads batch no FCF was
observed. It was shown that beads were spherical in
shape, with slightly rougher surface/shrinkage and discrete as shown in Fig. 2. The surface topography reveals
that the beads were highly porous because of rapid
escape of the carbon dioxide during formulation. The
cross section of beads from batch FCF showed a hollow
core in the matrix, which may be because of the presence of gas generating agent. The thick matrix

Table 3 Characterization of floating beads
Batch
code

Particle
size (mm)*

Drug entrapment
efficiency (%)*

Swelling
index (%)*

Bulk density
(g/cm3)*

Porosity
(%)

Floating ability
in pH 1.2 (h)

FCE

1.134 ± 0.02

68.44 ± 3.81

1.51 ± 0.15

1.35 ± 0.05

28.94

[12

FCF
FCG

1.176 ± 0.01
1.198 ± 0.01

76.84 ± 6.37
72.72 ± 4.23

1.95 ± 0.13
1.83 ± 0.13

1.13 ± 0.19
0.87 ± 0.13

32.73
34.08

[24
[24

* Values expressed are mean ± SD (n = 3)
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boundaries around the hollow core observed may be due
to the coalescence of the gas bubbles formed in the wet
beads.
3.1.3.2 Drug entrapment efficiency Drug entrapment in
the beads includes drug entrapped within the polymer
matrices. The values of total % entrapment efficiency of
the drug were in the range of 53.78–76.84 % for dried
beads as shown in Table 3.
The actual drug content and drug entrapment efficiency
was found to be more for the batch FCF with respect to
other batch; this may be due to greater extent of crosslinking and thereby greater entrapment efficiency.
Fig. 2 SEM photographs of
metoprolol tartrate formulation
beads

3.1.3.3 Bead porosity and bulk density The bulk density
of the beads (Batch no FCG) was less as compared with the
batch no FCE and FCF. As bulk density increases it was
observed that size and porosity decreases (Table 3).
3.1.3.4 Determination of buoyancy of beads Only beads
of batch no FD had a buoyancy lag time of 3 min. Batches
FA, FD and FCE produced floating beads remained floating
for more than 12 h and FC, FB, FCF and FCG for more
than 24 h. The floating property of hollow/porous beads
may be attributed to the low bulk density and the porosity
of the beads, implying that the beads will have the propensity to exhibit an excellent buoyancy effect in vivo.
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Batches FA, FD and FCE floating beads remained floating
for \24 h. This may be attributed because these batches
could not maintain matrix integrity for more than 12 h.
3.1.3.5 Determination of swelling index The swelling
behavior of the polymer is also an important factor controlling the release of the drugs from the bead systems. The
extent of swelling of the formulated beads showed that the
swelling was related to different polymer ratio with
swelling being more significant for beads with increased
gel formation this may be due greater extent of crosslinking between the polymers. The SI was found to be in
the range of 1.51–1.95 % as shown in Table 3.
3.1.3.6 Drug release study The dissolution study of all
the formulations of metoprolol tartrate beads was carried
out in different media namely pH 1.2 and pH 6.8, 7.4
phosphate buffer. All these beads released 6.32–14.02 % of
the drug in acidic medium irrespective of time.
Batch FCE, FCF and FCG showed 14.02, 8.72 and
6.32 % drug release within 6 h in acidic medium, respectively. There was a slow release for 6 h. After 6 h there
was burst release in phosphate buffer and the drug release
observed for about 18 h. The drug release profile in
phosphate buffer is shown in Fig. 3.
The porous beads showed excellent lag time in drug
release profile in acidic pH, this may be due to insolubility
of pectin. At acidic pH, calcium pectinate and locust bean

Fig. 3 In vitro release profile for formulations

remained protonated into insoluble form with reduced
swelling. The second phase of pulsed release in pH 6.8 and
7.4 can be attributed to rapid swelling and gel relaxation of
calcium pectinate, locust bean at alkaline pH.
3.1.3.7 In vivo study The in vivo gastric residence of the
batch FCF was studied by radiological study (X-ray) of
radio-labeled beads using rabbit as animal model. In
stomach, the insoluble beads were acted as indigestible
food particle. Radiographic image 1–6 (Fig. 4) shows
X-ray scans taken on the rabbit during radiological study. It
can be interpreted from the images that the beads were
clumped together intact and remained floating for 8 h of
the study.
3.1.3.8 Stability study In view of potential utility of the
formulation, stability study was carried out on batch FCF
for 6 months according to ICH guidelines. Formulations
were subjected to drug entrapment, floating behavior and
in vitro release study after 30, 60, 90 and 180 days.
On comparing the optimized formulation with initial
data of % entrapment efficiency is 70.03 and cumulative %
drug release is 88.79. Result showed (Table 4) that there
were no significant changes observed in the appearance,
drug entrapment efficiency, buoyancy study and in vitro
release analysis of formulation. It confirms that formulation
FCF was stable at a temperature of 40 ± 2 °C/75 ± 5 %
and photo stable at the end of 180 days.
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Fig. 4 Radiographic images
taken on the rabbit during
radiological studies

Table 4 Stability study
Time
(days)

Drug entrapment
efficiency (%)*

Floating
duration
(h)

Percent cumulative
drug release at
the end of 24 h*

0

75.24 ± 6.33

[24

95.28 ± 0.81

30

74.55 ± 6.13

[24

95.54 ± 0.73

60
90

74.25 ± 6.06
73.71 ± 5.70

[24
[24

93.11 ± 1.48
91.83 ± 0.94

180

70.03 ± 5.40

[24

88.79 ± 0.90

* Values expressed are mean ± SD (n = 3)

3.1.3.9 Drug release kinetics Based on regression coefficient values (R2), all the formulations followed first-order
drug release kinetics. From Peppas model, it was found that
batch no FA, FB, FC, FCE, FCF and FCG showed anomalous transport kinetics, i.e., a combined mechanism of

pure diffusion and Case II transport and batch no FD
showed non-Fickian diffusion (Table 5).

4 Conclusion
The hollow beads containing metoprolol tartrate showed
excellent buoyancy in acidic environment of stomach.
The enhanced buoyancy of porous beads makes them
excellent candidate for intragastric floating drug delivery,
by slowing down the gastric emptying. The pulsatile drug
delivery was characterized by rapid and complete drug
release from the drug loaded porous beads due to the fast
disintegration in the basic medium after a lag time in
acidic environment. The release from porous beads was
due to faster entry of the gastrointestinal fluid through the
weak matrix of the bead in the buffer. Overall, the
buoyant beads provided a lag phase while showing gastro
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Table 5 Model fitting
Batch no.

Zero order
R

2

First order
n

R

2

Higuchi model
n

R

2

Korsmeyer-peppas model
n

R2

n

FA

0.7968

4.433

0.9034

-0.040

0.7771

22.24

0.7356

1.164

FB

0.8572

4.624

0.9492

-0.051

0.8124

22.87

0.8049

1.143

FC

0.8299

4.856

0.9462

-0.061

0.8010

24.24

0.7853

1.139

FD

0.7431

4.810

0.9065

-0.055

0.7777

24.99

0.7542

0.987

FCE

0.7902

4.580

0.8987

-0.048

0.8033

23.46

0.8072

0.968

FCF

0.7865

5.083

0.9372

-0.067

0.7707

25.56

0.7585

1.186

FCG

0.8430

4.341

0.9428

-0.039

0.7958

21.42

0.7396

1.200

2

R regression coefficient, n slope

retention followed by a pulsatile drug release that would
be beneficial for hypertension.
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Abstract
Shellac is being used in food, pharmaceutical, and agricultural industries. It is seldom used
for biomedical applications due to its poor mechanical property and instability. We designed
thermoresponsive shellac-based bioactive nanofiber mats that mimic extracellular matrix
to extend their utility in wound healing. Various blend compositions of shellac, gelatin, and
poly(N-isopropylacrylamide) enriched with a bioactive agent, nadifloxacin, were prepared and
nanofiber mats were fabricated. The morphology of the nanofiber formation was influenced by
the concentration of polymer, drug, and polymer blend composition. Polymer–drug interactions
and thermal and crystalline properties of nanofiber mats were analyzed. The shellac/gelatin/
poly(N−isopropylacrylamide) blend of composition 3%/7%/3% (w/v) was chosen to evaluate in
vitro drug release. Release studies recorded slow, constant, and sustained release for 140 h. The
release kinetics and mechanism confirmed zero-order release with resultant r2 values greater
than 0.99, and the Korsmeyer–Peppas release exponent (n) was slightly higher than 0.8, which
indicated that drug diffusion was anomalous or non-Fickian type and drug release followed
diffusion involving chain stretching. Indirect cytotoxicity studies recorded insignificant toxicity
against normal human fibroblast cells. In vivo studies demonstrated that drug-loaded nanofiber
mats were more suitable for faster tissue regeneration as compared to nanofiber mats without
drug and commercial nadifloxacin cream.
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Introduction
Nonwoven nanofibers obtained by the electrospinning process are being studied extensively for
biomedical applications such as scaffolds in tissue engineering, drug delivery systems, and wound
healing materials.1 Nanofiber mats are considered to be more advantageous over the conventional
materials because the dressing material is in nanoform, which provides large surface area, high
porosity, and more permeability for exchange of gases; and the most important aspect is that the
morphology of nanofiber mat mimics the extracellular matrix (ECM) of the skin.2 As a result, the
nanofiber mat provides better surface for vascularization, cell adhesion, migration, and proliferation
for faster and efficient tissue regeneration.3 Several polymers of synthetic and natural origin with
drugs are being fabricated into nonwoven nanofibers for wound healing application, for instance,
the polymers such as poly (vinyl alcohol) (PVA), poly (L-lactic acid) (PLA), polycaprolactone
(PCL), and chitosan.4–6 According to the earlier report, a synthetic and biodegradable copolymer of
hydrophilic, hydrophobic, and thermosensitive polymer was developed into nonwoven nanofibers
for tissue engineering application.7 To enhance the suitability of nonwoven nanofibers for the said
application, it is highly recommended to mimic the ECM of bio-origin using hydrophilic and hydrophobic natural polymers by simple, easy, and economically viable electrospinning methods.
Gelatin is a denatured protein obtained from the hydrolysis of collagen that is derived from skin,
bone, or connective tissue. It is a multifunctional and randomly coiled hydrophilic polymer. It is
food and drug administration (FDA) approved and widely used in biomedical application due to its
unique properties and easy availability.8 The presence of various functional groups enables gelatin
to blend with other polymers through hydrogen ion interactions so as to improve the physical and
chemical properties for suitable application.9
Shellac is a natural polymer obtained from purified resinous secretion of lac insects, Laccifer
lacca. It is mostly cultivated on host trees from India and Thailand.10 Shellac is FDA approved and
is being used in food, pharmaceutical, and agricultural industry.11 It has been widely studied for its
application as an edible film coating in food industries and is used for moisture protection and as
enteric coating in pharmaceuticals. However, it is less recommended for applications due to its
drawbacks like batch-to-batch variation, poor mechanical property, and instability.12 To overcome
these problems, it may be blended with other polymers that are safe and nontoxic.
Thermoresponsive polymers are the most common smart polymers applied to responsive systems both in vitro and in vivo for biomedical applications, for example, poly(N−isopropylacrylamide)
(PNIPAm).13 PNIPAm is a synthetic, temperature-sensitive polymer that exhibits lower critical
solution temperature (LCST) close to the physiological temperature (between 32°C and 33°C).
Below the LCST, the polymer is hydrophilic and soluble, and above the LCST, the polymer is
hydrophobic. Therefore, PNIPAm was used in cell culture as a substitute of expensive enzymes for
detaching the cells, so as to prevent cell differentiation, senescence, or mutation in culture.14–16
Tissue-cultured polystyrene dishes were grafted with PNIPAm to grow culture cell sheets. After
growing, the cells were detached by lowering the temperature and transplanted on the wound for
repair.17 Interpenetrating polymer networks of PNIPAm and polyurethane in bulk form were studied for topical wound healing application, where the presence of PNIPAm enabled easy removal of
the dressing material by controlling its hydrophobic and hydrophilic properties with the change in
LCST. According to the reported literature, it is evident that incorporation of PNIPAm in the networks imparted mechanical strength.18,19 Therefore, we hypothesize that blending PNIPAm with
shellac and gelatin may impart mechanical strength to the nanofiber mat and also favor interaction
at cellular levels considering the size of the nanofibers and cell dimensions. In addition, it enables
easy removal of dressing material. Figure 1S shows the chemical structures of gelatin, shellac, and
PNIPAm (Supplement data).
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Figure 1. SEM micrographs of (a) blends of shellac and gelatin (SG, 3:7), (b) blends of shellac, gelatin, and
PNIPAm (SGP, 3:7:3), and (c, d, e, f, and g) nadifloxacin-loaded SGP nanofibers of 5%, 10%, 15%, 20%, and
25% (w/w). Crosslinked nanofibers (h) before swelling and (i) after swelling.

Nadifloxacin is a fluoroquinolone antibacterial drug, which is sparingly soluble in water with
log p value 2.47 and is available as antibacterial cream for cutaneous delivery.20 Nadifloxacin
shows antibacterial activity by targeting topoisomerase IV which interferes with the deoxyribonucleic acid (DNA) replication.21 Physicochemical characteristics of nadifloxacin are given in
Supplement data (Table 1S). It is potent against Propionibacterium acne and other gram-positive
and gram-negative bacteria. Nadifloxacin when used in bulk form hampers the therapeutic performance because of the poor penetration of large droplets of drug into the deep layers of skin.22
Nevertheless, investigations revealed that micro and nano formulations of drugs are more favorable for better therapeutic action.20 Earlier reports on drug-loaded nonwoven nanofibers showed
that the drugs dispersed in nano and amorphous form showed improved efficacy due to the increase
in surface area, more drug availability, and pharmaceutical viability.23
In this article, we report the design and fabrication of nanofiber mats of shellac, gelatin, and
PNIPAm blends with and without nadifloxacin (a fluoroquinolone antibacterial drug) in nanoform.
We anticipate that the new nanomaterial mimics ECM and will provide suitable properties for
wound healing. Therefore, the objective of this research is to develop various compositions of shellac (S)/gelatin (G)/PNIPAm (P) blends with (SGPD) and without nadifloxacin (SGP) to fabricate
nonwoven nanofibers by electrospinning, to evaluate the morphology of nanofibers by scanning
electron microscopy, and to characterize them by contact angle (CA), Fourier transform infrared
spectroscopy (FTIR), differential scanning calorimetry (DSC), and X-ray diffraction (XRD); and
also to study in vitro drug release, antibacterial activity, cytotoxicity, and in vivo wound healing.
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Materials and methods
Nadifloxacin is a fluoroquinolone antibiotic which was received as a gift sample from Themis
Medicare, Haridwar, India. Shellac was purchased from HiMedia Laboratories, India. Gelatin
was purchased from Merck Laboratories, India. Normal human fibroblast (NHF) cells were from
National Centre for Cell Science (NCCS), Pune, India. 1,1,1,3,3,3-Hexafluoro-2-propanol
(HFIP) and N-isopropylacrylamide were supplied by Sigma-Aldrich, USA. The Staphylococcus
aureus strain (NCIM2794) was from the National Centre for Industrial Microorganisms (NCIM),
National Chemical Laboratory (NCL), Pune. Azobisisobutyronitrile (AIBN) was obtained from
Spectrochem, Mumbai, India. All other chemicals and solvents were of commercial and analytical grade.

Animals (rats)
Healthy male Wistar rats weighing 240–280 g were selected for in vivo wound healing studies.
Animals were housed in animal house (College of Pharmacy, KLE University) under standard
environmental conditions and fed with standard rat diet. Investigational Review Board (Animal
Studies Ethics Committee, KLE University College of Pharmacy, and approval No. 2-2553)
granted permission to conduct animal studies.

Determination of molecular weight of polymers and nadifloxacin (drug)
Molecular weight of shellac and nadifloxacin was obtained from mass spectra which were recorded
using Matrix Assisted Laser Desorption-Ionization (MALDI)-Time of Flight (TOF)/TOF 5800
(AB Sciex) and Q-exactive electrospray ionization (ESI) source/Orbitrap (Thermo Scientific) mass
spectroscopy, respectively. Various molecular weights of PNIPAm were prepared by varying the
concentration of AIBN according to reported literature24 and their molecular weights were determined by measuring the intrinsic viscosity in methanol at 25°C using a Ubbelohde capillary viscometer. The molecular weight of PNIPAm was calculated using equation (1)

[η]

= KM α

(1)

where [η] is the intrinsic viscosity, M is the molecular weight, and K and α are the constants, which
are 1.07 × 10−4 and 0.71, respectively. The method for calculation of molecular weights is given in
the Supplement data. Table 2S shows the various molecular weights of PNIPAm obtained with the
change in AIBN concentration (Supplement data).

Fabrication of nonwoven nanofiber mats by the electrospinning method
1,1,1,3,3,3-Hexafluoroisopropanol (HFIP) was used as a solvent to prepare individual polymer solutions of shellac, gelatin, PNIPAm, and their polymeric blends of various compositions. A self-assembled electrospinning unit was used for fabrication of nonwoven nanofiber mats. It consists of DC
power supply, ranging from 5 to 50 kV (GAMMA High RR40-3.75/DC to DC Power Module (DDPM),
voltage regulated supply; USA), which was operated in a positive DC mode; a syringe pump to adjust
the flow rate (Model 351; SAGE Instruments, Division of Orion Research Development, CA, USA);
and a grounded aluminum collector to collect nonwoven nanofibers. To produce nanofibers, the flow
rate was maintained at 0.5 mL/h, the distance between the tip of the needle and the collector was fixed
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at 10 cm, and the voltage applied was 15 kV. The temperature was maintained at 25°C with ambient
humidity. Although several compositions were prepared (Figures 2S to 6S, Supplement data), the ideal
polymer composition that resulted in smooth nanofibers was 3%/7%/3% (w/v) of shellac, gelatin, and
PNIPAm, respectively. This composition was used for developing nanofiber mats with 5%, 10%, 15%,
20%, and 25% (w/v) of nadifloxacin.

Crosslinking of nanofiber mats
Crosslinking of nanofiber mats was done according to the earlier report.25 Briefly, the nanofiber
mats with and without drug were exposed to vapors of 25% (w/v) aqueous glutaraldehyde (GTA)
solution (10 mL) contained in a sealed desiccator for 3 days at ambient temperature. After
crosslinking, the samples were exposed in a fume hood for 2 h, and later, the samples were kept
in vacuum desiccator for 1 day to remove residual GTA and stored in a desiccator. To confirm
the degree of swelling and the crosslinking of nanofiber mats, the respective mats in duplicates
(circular disks of ~1.65 cm in diameter, cut from the as-prepared fiber mat) were weighed and
then submerged in distilled water for 24 h at room temperature.26 Later, the surface water was
removed with the tissue paper and weighed to determine the degree of swelling in percent using
equation (2). Uncrosslinking of nanofiber mats was quantified by determining the percent weight
loss of the sample using equation (3)
Degree of swelling ( % ) =

Weight loss ( % ) =

M − Md
×100
Md

Mi − Md
×100
Mi

(2)

(3)

where M is the weight of the swollen nanofiber mat in distilled water, Md is the final dry weight of
nanofiber mat, that is, after swelling and drying to constant weight, and Mi is the initial dry weight
of the specimen before swelling studies.26

Characterizations
The morphology and the diameter of nanofiber mats were determined using environment scanning
electron microscopy (SEM; EDAX, Micro Analysis System, and Model Quanta 200 three-dimensional (3D) dual beam SEM). For analysis, a small section of the electrospun fiber mat was mounted
on stub and sputtered with gold/palladium. The average diameter of the nanofiber mats was analyzed
randomly by measuring the diameters of the nanofibers at different points from individual micrographs. The water CA of uncrosslinked and crosslinked nanofiber mats was measured using Easy
Drop CA Measuring System (Drop Shape Analyzer 1 (DSA1), KRUSS GmbH, France) apparatus. A
droplet of water was placed on the nanofiber mat by a thin needle located on a sample table. Still
images were recorded using a camera attached to the computer. The DSA1 software was used for the
analysis of CA.27 The functional characteristics of nadifloxacin, polymers, and electrospun nanofibers with and without drug were recorded using FTIR (PerkinElmer, spectrometer I, FTIR diffused
reflectance (DRIFT) mode, USA). The spectrum was recorded in the wave number range from 4000
to 500 cm−1 with a resolution of 4 cm−1. Each spectrum was composed of an average of eight scans.28
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The glass transition temperature, Tg, and melting temperature, Tm, of nadifloxacin, polymers, and the
desired nanofibers with and without drug were determined by DSC (Model Q10 DSC, TA Instrument,
USA) in the range −90°C to 200°C at a flushing rate of 50 mL/min.28 About 5–6 mg of sample (polymer/nanofiber mat) was loaded in a DSC pan, and the pan was sealed by applying pressure. In the
first cycle, the sample was equilibrated to −90°C for 2 min and later heated to 200°C at 10°C/min. In
the second cycle, the sample was quenched to −90°C at 100°C/min. In the third cycle, the sample was
heated to 200°C at 5°C/min. Crystallinity of nadifloxacin, polymers, and various nanofibers was
evaluated with a P-Analytical X-ray diffractometer model X-PERT PRO with Cu Kα1 radiation
(40 kV, 100 mA, λ = 0.154). The samples were scanned in the 2θ range of 2°–35° to investigate the
changes in crystal structure before and after the formation of nanofibers.28

Drug release and antibacterial studies
Estimation of loading efficiency of nanofiber mats
An uncrosslinked nanofiber mat of 5 mg was taken in 5 mL of phosphate buffer saline of pH 7.4
and the solution was allowed to stir on magnetic stirrer for 24 h at room temperature.29 Later, the
solution was filtered and the final weight of the drug incorporated in the nanofibers mat (La) was
estimated using calibration curve of nadifloxacin recorded at λ = 290 by UV−Visible spectrophotometer. Equation (4) was used for determining the percent of loading efficiency. The experiment was repeated and averaged to determine the maximum loading of drug in the nanofiber mat
Drug loading efficiency ( % ) =

La
×100
Lt

(4)

where La is the estimated final weight of drug incorporated in the nanofiber mat and Lt is the initial
weight loaded in the blend solution before the fabrication of the nanofiber mat.

In vitro release of nadifloxacin
Drug release studies were performed in triplicates using a temperature-regulated thermal shaker
(Julabo SW23) which was maintained at 37°C ± 0.5°C. The nanofiber mats (2.5 × 2.5 cm , 15 mg)
were placed in a wide-mouth glass bottle containing 40 mL of phosphate buffer saline (PBS) of pH
7.4 and maintained at 37°C with 50 rpm/min. At a given time interval, an aliquot (1.0 mL) of sample solution was withdrawn and replaced with the same volume of fresh medium to maintain the
sink conditions. The amount of drug released at regular intervals was estimated by UV−Visible
spectrophotometer operated at a wavelength of 290 nm. The cumulative percent of drug released
from the respective nanofiber mat was plotted against time.

Indirect cytotoxicity studies
The cytotoxicity of the nanofiber mats was evaluated based on a procedure adapted from the
ISO10993-5 standard test method (indirect contact).30 We performed the experiment in 96-well
plates. The mats were extracted in a serum-free medium (SRM) or extraction medium, which contains Dulbecco’s Modified Eagle’s medium (DMEM-207), with 1% (v/v) l-glutamine, 1% (v/v)
lactalbumin, and 1% (w/v) antibiotic and antimycotic formulation. The process of extraction was
done at 37°C in CO2 incubator for 24 h. NHF cells were obtained from NCCS, Pune, India, and were

Downloaded from jbc.sagepub.com at Middle East Technical Univ on January 28, 2016

478

Journal of Bioactive and Compatible Polymers 30(5)

plated in 90 µL of DMEM, supplemented with 10% (w/v) fetal bovine serum (FBS) at a density of
8000 cells/well in 96-well plates. After the cultures reached confluent growth (typically 48 h after
plating), the tested extraction medium was removed and replaced with the fresh 100 µL of extraction
media, and the cells were re-incubated for 24 h. Finally, the cells were incubated with 100 µL of a
3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT)-containing medium (1 mg/
mL). After 4 h of incubation, the medium was removed and the cells were rinsed with PBS (pH 7.4).
The formazan crystals that had formed in the living cells were dissolved in 100 µL dimethyl sulfoxide (DMSO) per well. Cell viability (%) was calculated based on the absorbance at 550 nm using a
microplate reader. The viability of the nontreated control cells was arbitrarily defined as 100%.

In vitro antibacterial studies
The in vitro antimicrobial activity of drug-loaded nanofiber mats was tested against Staphylococcus
aureus strain (NCIM2794) as a model of gram-positive bacteria, which was obtained from the
NCIM, NCL, Pune, India. Staphylococcus aureus from normal microflora of skin is opportunistic
and majorly responsible for the wound infections.31 The crosslinked nanofiber mats with and without drug were cut into a circular disk of diameter 1.0 cm. Nanofiber mats without drug were used
as control. Antibacterial activity against Staphylococcus aureus was carried out by the disk diffusion method on a nutrient agar plate using a modified Kirby–Bauer technique. The bacterial suspension (100 µL of 105−106 colony forming units (CFU)) was dispersed uniformly on the surface
of a nutrient agar plate and test samples were placed on it. The plates were incubated at 37°C for
24 h. The zone of inhibition surrounding the sample was measured.32

In vivo wound healing studies
The in vivo studies were followed according to the reported literature.29 Briefly, the in vivo wound
healing studies were performed using nine healthy male Wistar rats weighing 240–280 g. The rats
were divided into three groups, three for each group, that is, A, B, and C): A group was treated with
the nanofiber mat of blend shellac/gelatin/PNIPAm (SGP), B group was treated with the nadifloxacin-loaded nanofiber mat of blend shellac/gelatin/PNIPAm (SGPD), and C group was treated with
commercially available nadifloxacin cream (Nadibact; Cipla Limited, India). The rats were anesthetized via injection of thiopental sodium (40 mg/kg body weight), and circular full-thickness
wounds with a surface area of 1.5 cm2 were created on the dorsal side of each rat’s neck using
surgical scissors. The nanofiber mats (1.5 cm2) and cream were applied on the surface of the
wounds of the respective group of rats. The animals were followed for 7 days.

Statistical analysis
Experiments were repeated in triplicates and the data were depicted as the mean ± standard deviation (SD). The statistical analysis for the data was performed using Student’s t-test. The significance level was determined at p ⩽ 0.05.

Results and discussion
Surface morphology of nanofiber mats
The molecular weight of nadifloxacin was 360.14 Da, and the molecular weight of shellac was
in the range of 500–1500 Da. The various molecular weights of PNIPAm were 40, 74, and
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102 kDa. The molecular weights for these were determined using equation (1) which is detailed
in Supplement data.
Trial experiments were carried out for solutions of shellac, gelatin, PNIPAm, and their blends of
various concentrations to optimize the processing parameters of electrospinning unit such as spinning voltage, solution flow rate, distance between the tip of the needle and the collector, and the
pore diameter of the needle. The results suggested that concentration had a great influence on the
spinnability of polymers. Shellac was electrospun using different concentrations like 43%, 45%,
and 48% (w/v). Figure 2S showed that shellac of 48% (w/v) concentration produced smooth
nanofibers with few elongated bulbs indicating 48% (w/v) as an optimum concentration (for
details, refer Supplement data). At lower concentrations, that is, 43% and 45%, the solution jet of
shellac was discontinuous, therefore, resulted electrospraying. Similar studies were reported in
earlier investigations.33 Likewise, gelatin of various concentrations such as 3%, 5%, 7%, 10%, and
12% (w/v) were electrospun to determine the suitable concentration that has ability to produce
smooth and fine nanofibers. SEM micrographs revealed that as the concentration increased, the
particles were transformed to smooth and fine nanofibers. Generally, a solution at low concentration is less viscous and unspinnable; as a result, the jet breaks down into droplets which enable
beads or beaded fibers. This is due to low viscoelastic forces and high electrostatic and columbic
forces that are required to overcome the surface tension.34 Our earlier studies of egg albumenbased nanofibers observed similar results.28 From these studies, we concluded that 10% of gelatin
(w/v) was ideal concentration to favor nanofibers. Above 10% (w/v), nanofibers large in diameter
with discontinuous fibers were observed, which is due to the partial solidification of solution that
occurs before being deposited on the collector (Figure 3S, Supplement data).
Various compositions of shellac and gelatin blends were electrospun to find the suitable composition for the formation of nanofibers. The respective weight ratios of shellac to gelatin include
7%/3%, 6%/4%, 5%/5%, 4%/6%, and 3%/7% (w/v), and their morphological studies showed that
gelatin at low concentration forms clusters, which transformed to smooth and fine nanofibers as the
concentration of gelatin increased (Figure 4S, Supplement data). Among these, 3%/7% (w/v) composition was suitable for the formation of smooth and fine nanofibers; hence, it was chosen to
blend with PNIPAm of 74 kDa as this was producing good nanofibers (Figures 1(a) and 5S,
Supplement data). To the weight ratio of 3%/7% (w/v) of shellac and gelatin, the increasing concentrations of PNIPAm from 1% to 5% (w/v) were added, respectively, to obtain the corresponding
blend of shellac/gelatin/PNIPAm and electrospun. Morphological studies showed blends with 3%
(w/v) of PNIPAm to be more suitable for the incorporation of drug (Figure 6S, Supplement data).
Hence, shellac/gelatin/PNIPAm of 3%/7%/3% (w/v) was chosen to evaluate drug release and antibacterial studies (Figure 1(b)).
Different concentrations like 5%, 10%, 15%, 20%, and 25% (w/w, with respect to total polymer
weight) of nadifloxacin were added to the shellac/gelatin/PNIPAm blend of composition 3%/7%/3%
(w/v) to attain the respective blend of formulations F1, F2, F3, F4, and F5, respectively. All these
compositions were electrospun to attain nanofiber mats (Figure 1(c) to (g)). Among these, 20%
(w/w) drug-loaded nanofibers showed uniform diameter because at this concentration, the blend
composition acquired suitable solution properties (viscosity and conductivity) to enable uniform
nanofibers. Blends above 20% (w/w) were unable to produce continuous nanofibers as the solution
properties exceeded the optimum conditions (Figure 1(g)).35

Stabilizing nanofiber mats
The hydrophilicity of the nanofibers of shellac/gelatin/PNIPAm blend was enhanced due to the
increased surface area; hence, there is a possibility of faster dissolution of nanofiber mat. Therefore,
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the nanofiber mats were crosslinked using GTA to sustain stability of nanofibers. Gelatin was
crosslinked through aldimine reaction thereby entrapping PNIPAm and shellac between crosslinks
of gelatin. After crosslinking, the diameter of nanofibers was increased and white colored nanofiber
mats changed to pale yellow.36 The stability of the crosslinked nanofiber was determined according
to equation (3). The studies confirmed that the nanofiber mat was stable after crosslinking
(Supplement data). Figure 1(h) and (i) shows the morphology of crosslinked nanofiber mats before
and after swelling in distilled water.

Physical characteristics of nanofiber mats
Variations in the physical characteristics of polymers before and after fabrication of nanofiber mats
were studied using CA, FTIR, DSC, and XRD.

Evaluation of hydrophilicity
Drug release depends on the factor of hydrophilicity and/or hydrophobicity of the nanofiber mat;
therefore, the CA was measured. The CAs of shellac and drug-loaded uncrosslinked and crosslinked
nanofiber mats of shellac/gelatin/PNIPAm blends were found to be 93°, 64.3°, and 74.2° respectively. The results indicated that the hydrophobicity of the nanofiber mat was less as compared to
that of shellac due to incorporation of hydrophilic components such as gelatin and PNIPAm.
Moreover, the hydrophobicity of nanofiber mats was increased with crosslinking.

Functional analysis by FTIR
Figure 2 shows the FTIR spectrum of pure shellac, gelatin, PNIPAm, and nanofiber mats of blends
with and without drug. The structure of shellac is complex; it is a combination of aleuritic, butolic,
shelloic, and jalaric acid. It has hydroxyl (−OH), carboxyl (−COOH), and ester (−COOC−) functional groups. The spectra are characterized by absorptions in the regions of 2917 cm−1 and
2845 cm−1 which are due to −C−H stretching and 1462 cm−1 and 1375 cm−1 which resulted from
C−H bending deformations.37 The spectra exhibited a broad absorption in the region of 3427 cm−1
due to OH functionality. 1727 cm−1 represents the carbonyl stretch in aryl esters. There are broad
bands in the spectra of the shellac samples which occur in the ranges of 1249 and 1002 cm−1 which
are due to the combination of C−O stretching vibrations in the carboxylic, hydroxyl, and ester
functional groups. Gelatin is multifunctional with −OH, −COOH, and −NH2 groups. A merged
broad band due to the presence of −OH and −NH2 was confirmed at 3374 cm−1. Gelatin is mainly
characterized by the presence of two important characteristic regions (i.e. the amide I and the
amide II band).38 The amide I band is primarily due to the −C=O stretching of the peptide groups.
The band at 1665 cm−1 was recorded indicating the presence of amide I band. A band due to amide
II region was observed at 1556 cm−1 (i.e. –NH bend coupled with –CN stretch). PNIPAm showed
the characteristic amide functional group as a broad band at 3284 cm−1 due to NH. The peaks at
1655 and 1543 cm−1 were recorded indicating the presence of amide I and amide II stretching of
–C=O. Two typical peaks for the –C–H vibration of –HC (CH3)2 were confirmed at 1364 and
1385 cm−1. The drug, nadifloxacin, showed a broad absorption band at 3363 cm−1 due to merging
of the –NH stretching of secondary amine, –OH stretching of –COOH, and aromatic –CH stretching. The aromatic –CH bending was recorded at 828 cm−1. The absorption peaks due to –C–CH2
and –O–CH3 stretching were recorded at 2947 and 2848 cm−1, respectively. The aromatic absorption peaks due to aromatic –C=C and –C−C were observed between 1613 and 1531 cm−1 which got
merged with ketone –C=O at 1711 cm−1.39 The spectra of the nanofiber mats of shellac/gelatin/
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Figure 2. FTIR spectra of (a) shellac, (b) gelatin, (c) PNIPAm, (d) nadifloxacin, (e) drug-loaded nanofiber
mat of SGP blend (without crosslinking), and (f) drug-loaded nanofiber mat of SGP blend with crosslinking.

PNIPAm with and without nadifloxacin have shown characteristic peaks of all the polymers and
drugs indicating their presence. However, some of the peaks were either merged or shifted to
higher frequency because the polymers and drugs had absorption peaks very close to each other,
for example, the hydroxyl, amine, and carbonyl groups. The shifting of absorption peaks indicated
hydrogen ion interactions between the polymers and drug, for example, from 3327 to 3302, 1645
to 1637, and 1533 to 1525 cm−1. The crosslinked nanofiber mat of shellac/gelatin/PNIPAm with
drug showed a strong peak at 1450 cm−1 indicating aldimine formation due to the chemical bond
formation between the –NH2 of gelatin and –CHO of GTA with crosslinking.40

Thermal behavior of nanofiber mats
Figures 3 and 7S show thermograms of nadifloxacin, polymers, nanofibers of polymers, and
blends. The thermogram of pure PNIPAm recorded an endothermic peak at 35°C due to LCST and
glass transition temperature of 137°C (Figure 7S(a)). The LCST of the PNIPAm nanofiber did not
change; however, the glass transition temperature (Tg) was decreased by almost 2°C indicating
(135°C) disorganization of chains during electrospinning. The thermogram of pure gelatin powder
recorded a glass transition temperature (Tg) of 23°C (Figure 7S(b)). The gelatin nanofiber mat
recorded Tg of 18°C. According to the earlier reports, Tg of anhydrous gelatin was 217°C which
reduced drastically to 25°C due to moisture content.41 In our studies, the pure gelatin and its
nanofiber mat showed reduced Tg due to the presence of moisture and the structral changes caused
during electrospinning. Pure shellac powder recorded Tg of 49°C which was in the range of official
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Figure 3. DSC thermograms of (a) the shellac nanofiber mat, (b) the gelatin nanofiber mat, (c) the
PNIPAm nanofiber mat, (d) nadifloxacin, (e) the drug-loaded nanofiber mat without crosslinking, and (f) the
drug-loaded nanofiber mat with crosslinking.

standards of shellac in acidic form (35°C–50°C, Figure 7S(c)). After electrospinning, the shellac
nanofibers showed decrease in Tg value at 21°C due to deformation of polymeric chains during
electrospinning. The thermogram of nadifloxacin showed a melting temperature (Tm) of 249°C.
This is within the reported range 246°C –250°C, indicating that it is pure. However, the nadifloxacin-loaded shellac/gelatin/PNIPAm nanofiber mat recorded the Tm of nadifloxacin of 234°C and
LCST of PNIPAm of 32°C and Tg of gelatin of 13°C which indicated that there was good interaction between drug and polymers. A decrease in the intensity of Tm peak for nadifloxacin implies
that the drug in the nanofiber mats was in amorphous form. The reasons for the drug to favor
amorphous form are as follows: (1) limited time for re-orientation of molecular chains to crystalline form and (2) faster evaporation of solvent due to increase in the surface area of nanofibers.
Furthermore, the polymer matrix holding the drug stabilizes its amorphous form due to the molecular interactions between the polymer and drug through hydrogen bonding. This is indeed favorable
for a drug-loaded material to be pharmaceutically useful.23

Crystallinity of polymers and nanofiber mats
Figure 4 shows the XRD patterns of drug, polymers, nanofibers of polymers, and their blends. Pure
shellac being semi-crystalline recorded two peaks at 2θ of 21.53° and 23.97°. Electrospun shellac
nanofibers did not record any sharp peaks at the mentioned angles. Pure gelatin and PNIPAm
recorded broad peaks at 2θ of 22.21° and 21°, respectively, they being amorphous, and also, the
respective nanofibers did not record any peaks. The XRD pattern of nadifloxacin
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Figure 4. X-Ray diffraction patterns of (a) shellac, (b) shellac nanofiber, (c) gelatin, (d) gelatin nanofiber,
(e) PNIPAm, (f) PNIPAm nanofiber, (g) nadifloxacin, (h) SGP polymeric blend nanofiber, (i) SGPD, and (j)
SGPDC.

showed numerous sharp peaks at 2θ of 19.42°, 20.39°, 22.52°, and 30.87° which indicated that
nadifloxacin is a crystalline compound. The XRD patterns of the nadifloxacin-loaded nanofiber
mats with and without crosslinking did not record sharp peaks as the drug transformed to amorphous form and dispersed in nanoform at the molecular level during electrospinning, which was
also confirmed from DSC studies.

Evaluation of nanofiber mats for wound healing
Estimation of M∞, in vitro drug release kinetics, and mechanism
According to equation (4), the nadifloxacin content in the solution was estimated to be 73%–80%,
which was considered as maximum amount of drug (M∞) that has to be released. The remaining
20%–30% of nadifloxacin was expected to be entrapped within the polymer chains and was unable
to release. The drug content in the respective nanofiber mat increased as the loading concentration
of nadifloxacin increased from 5% to 25%. The amount of nadifloxacin present in various nanofiber
mats is shown in Table 1. Figure 5 shows the release profiles of various formulations. The respective nanofiber formulations such as F2, F3, F4, and F5 loaded with 10%, 15%, 20%, 25% (w/w)
nadifloxacin, respectively, were used for evaluating the drug release profiles. In all these formulations, the polymeric blend composition was kept constant. The nanofiber mats without drug were
used as control. The release of nadifloxacin from all the formulations followed sustained release,
no initial burst was observed, and irrespective of the concentration, the release was constant
(derived from mathematical models, given in the following section). The maximum drug released
from various formulations during 140 h was in the range of 70%–77% (w/w). The SDs of drug
release are not represented on the contour due to over-crowding of error bars. However, Table 4S
represents the SD (Supplement data).
Drug release data obtained by various formulations were evaluated using different mathematical
models such as zero order, first order, and Higuchi and Korsmeyer–Peppas (Supplement data) to
understand the drug release kinetics and mechanism followed by drug-loaded nanofibers. Table 2
shows the data of drug release kinetics and mechanism. Based on the correlation coefficient (r2), the
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Figure 5. Cumulative drug release (CDR) (%) profiles of nadifloxacin-loaded nanofiber formulations of
shellac, gelatin, and PNIPAm blends of composition 3:7:3 (F2) 10%, (F3) 15%, (F4) 20%, and (F5) 25% (w/v).

Table 1. Drug content of nanofiber formulations of blend shellac/gelatin/PNIPAm (3%/7%/3% (w/v))
loaded with nadifloxacin.
Formulation
code

Amount of drug loaded with
respect to polymer (w/w%)

Loading efficiency (%) = La ×100
Lt

F1
F2
F3
F4
F5

5
10
15
20
25

72.67 ± 1.23
76.48 ± 1.91
76.92 ± 1.76
79.81 ± 2.54
78.57 ± 2.39

“La” is the estimated final weight of the drug incorporated in the nanofiber mat and “Lt” is the initial weight of the drug
loaded in the blend solution before fabrication of nanofiber mat.

Table 2. Drug release kinetics and mechanism for various formulations.
Formulation
code

Zero order
(r2)

First order
(r2)

Higuchi
matrix (r2)

Peppas model
(r2)

n

F2
F3
F4
F5

0.992
0.997
0.995
0.996

0.173
0.208
0.190
0.144

0.914
0.945
0.925
0.927

0.941
0.987
0.988
0.986

0.713
0.780
0.881
0.819

Best fit
model
Zero order
Zero order
Zero order
Zero order

best model that fits the experimental release data was zero-order release with resultant r2 values
greater than 0.99. This indicated that for all the formulations, the drug release rate is independent of
the concentration of drug dispersed in the nanofiber mat. The Korsmeyer–Peppas release exponent
(n) was slightly higher than 0.8, which specified that the drug diffusion was anomalous or
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Figure 6. Indirect cytotoxicity studies by MTT assay for PNIPAm and copositions of drug-loaded
crosslinked and uncrosslinked nanofiber mats of shellac, gelatin, and PNIPAm blends of composition 3:7:3
(SGPD).

non-Fickian type, implying that diffusion and chain stretching were comparable and the drug release
is influenced by the diffusion and chain stretching process.42

Evaluation of cell viability studies
To evaluate cell viability, the nanofiber mats of PNIPAm and shellac/gelatin/PNIPAm blends
with and without crosslinking were assessed by MTT assay, (ISO10993-5 standard test method)
using human fibroblast cells. Shellac and gelatin were approved by FDA; hence, they were not
evaluated for cell cytotoxicity. Figure 6 shows the cell viability of all the nanofiber mats as
described above. The crosslinked shellac/gelatin/PNIPAm blends (SGPDC) showed about 85%
cell viability. The 15% cell toxicity may be attributed to the impurities present in the commercial grade of shellac and gelatin or trace amounts of unreacted monomer of N-isopropylacrylamide.
However, in vivo studies (next section) confirmed to be nontoxic. A slight decrease in cell
viability was observed for the crosslinked nanofiber mat as compared to the uncrosslinked
nanofiber mat, which may attribute to the presence of unreacted GTA in trace amounts.

Evaluation of antimicrobial (in vitro) and wound healing ability (in vivo)
The in vitro antimicrobial activity of drug-loaded nanofibers was tested against gram-positive bacteria, S. aureus (as model). Antibacterial activity was determined for nadifloxacin and nanofiber mats
with and without nadifloxacin. From our studies, the minimum inhibitory concentration (MIC) of
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Figure 7. Antimicrobial activity with and without nadifloxacin-loaded nanofiber mat of shellac, gelatin, and
PNIPAm blends of composition 3:7:3: (a) 15% (F3) and (b) 20% (F4) (w/v).

nadifloxacin was found to be 0.05 µg/mL for methicillin-sensitive Staphylococcus aureus (MSSA),
which was similar to the reported value of MIC of 0.05 µg/mL of nadifloxacin.43 Figure 7(a) and (b)
shows the antibacterial activity of nanofiber mats with and without nadifloxacin of 15% and 20%
(w/w), respectively. The diameters of the zone of inhibition for the specimens were analyzed. The
zone of inhibition was not observed for the control nanofiber mats (without nadifloxacin). Nanofiber
mats with nadifloxacin showed a zone of inhibition which was very significant and the zone of inhibition increased with the increase in the concentration of nadifloxacin. The measured zones of inhibition for F3 and F4 (Table 1) were 39 and 42 mm in diameter, respectively.
The cell viability and antibacterial studies are insufficient to decide that the nanomaterial is
suitable for tissue regeneration. Hence, in vivo studies were performed using a rat model for a
blend of shellac/gelatin/PNIPAm nanofiber mats of composition 3%/7%/3% with 20% nadifloxacin. The mats without nadifloxacin and commercial antibacterial cream (Nadibact) were used as
respective negative and positive controls. In the test models of rat, deep round wounds were created on the back of each rat and healing was monitored for 7 days. Figure 8 shows the images of
the wound healing at 0 and 7 days before and after treatment using nanofiber mats with and without drug and commercial antibacterial cream. The tissue regeneration with 20% nadifloxacinloaded nanofiber mats was faster than that of the nanofiber mat without drug and commercial
antibacterial cream. Hence, the developed nanofiber mat with 20% nadifloxacin can have potential for tissue regeneration.

Conclusion
Blends of shellac, gelatin, and PNIPAm were prepared and electrospun to mimic ECM. The
diameter of drug-loaded nanofibers increased as the concentration of drug increased and the
maximum drug loading was limited to 20%. FTIR spectra of blends showed characteristic bands
of the respective polymers indicating their presence. However, shifting and merging of peaks
were observed in the blend compositions with and without nadifloxacin indicating hydrogen ion
interactions between the functional groups of polymers and the drug. The crystalline and amorphous states of nadifloxacin, pure polymers, and nanofiber mats of various compositions were
analyzed by DSC and XRD. The studies confirmed a decrease in the crystalline property of drug
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Figure 8. Wound healing studies using the blend of shellac/gelatin/PNIPAm (3:7:3) nanofiber mats on a
rat model. Wounds for (a) nadifloxacin cream, (b) nanofiber mat without drug, and (c) nanofiber mat with
drug at 0 and 7th days.

after nanofiber formation. The drug release studies showed slow, constant, and sustained release
for 140 h. The amount of drug released from the drug-loaded nanofiber mats at the respective
time interval was above the MIC. The release kinetics and mechanism confirmed zero-order
release with resultant r2 values greater than 0.99 and the Korsmeyer–Peppas release exponent (n)
was slightly higher than 0.8, which indicated that the drug diffusion was anomalous or nonFickian type and drug release followed diffusion involving chain stretching. Antibacterial activity and in vitro and in vivo studies demonstrated that the developed nanofiber mats with
nadifloxacin were more suitable for faster tissue regeneration as compared to nanofiber mats
without drug and commercial antibacterial cream.
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Abstract Jasminum malabaricum Wight. (Family:
Oleaceae) a climber, is endemic to Western Ghats of India.
Rapid proliferating callus cultures were established from
leaf explants using varying concentrations of auxins with
cytokinins. Culture medium consisting of MS basal supplemented with 2, 4-D (9.05 lM) showed good proliferation and addition of cytokinins (BA 11.09 lM and/or TDZ
2.27 lM) resulted in retarded proliferation. Optimization
of phenolic-antioxidants from different parts of J. malabaricum showed continuous shaking method to be productive over microwave assisted method. The optimized
method involves less input and good yield of phenolicantioxidants. Obtained callus showed good antioxidant
activity (DPPH and FRAP assays) in comparison with
leaves and stem extracts and also had higher total phenolics. The optimized protocol for callus culture extraction
revealed that continuous shaking extraction is cost-effective and suitable for elevated production of phenolic-antioxidants from callus cultures of J. malabaricum.
Keywords Jasminum malabaricum  Callus culture 
Continuous shaking extraction  Phenolics  Antioxidants

Jasminum is a large genus of climbing or erect shrubs
widely distributed in the warmer parts of world. About 40
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species are recorded in India, of which only four are commercial sources of fresh flowers or widely used in perfumery
industry [1]. Jasminum malabaricum Wight. is a climber,
with white fragrant flowers endemic to Western Ghats of
India (Fig. 1). It is known for its antioxidant, antitumor,
antibacterial activities and used in cosmetic industries [1].
Among the secondary metabolites in plants, phenolics
have received significant attention due to their direct
relation with predominant ailments like cardiovascular
disease and cancer [2]. Protocols have been developed for
extraction of phenolics from various plants with different
methods [3, 4]. However, most of these methods are
tedious and time consuming [5].
Eventually, there is a need to search for alternative sources
of naturally occurring bio active compounds, as the pressure
on the natural habitat is increasing day by day with the rising
demand from pharmaceutical industries. Cell cultures can act
as one such alternative, which are in many ways reproducible, have possibility for continuous, large scale production and even to manipulate the level [6, 7]. In spite of
enormous growth of pharmaceutical industry and corresponding increase in the demand for source materials, there
are only handful of reports on production at higher levels [8].
The present investigation aims at culturing J. malabaricum in vitro and efforts are also made to optimize the
protocol for extraction of phenolics from plant. Tangentially a possible method of production of these metabolites
in vitro are also been propounded in present study.
Leaves and stem materials were collected for phytochemical and antioxidant studies. They were shade dried,
powdered and stored in airtight containers. Fresh leaves
were used as explants for tissue culture studies. Standardized protocol for tissue cultural operations were followed.
The leaves were cut aseptically after surface sterilization
and inoculated onto MS basal medium supplemented with
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varying concentrations of auxins and cytokinins. Cultures
were incubated at 25 ± 2 °C and were maintained on same
medium by routine subculture depending on the rate of
growth.

Fig. 1 a Flowering twig of Jasminum malabaricum Wight.; b Callus
obtained after 32 days of inoculation on MS basal ? 2, 4-D 9.05 lM;
c Callus obtained on MS basal ? 2, 4-D 9.05 lM ? TDZ 2.27 lM;
d Callus obtained on MS basal ? 2, 4-D 9.05 lM ? BAP 11.09 lM.
(Color figure online)
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Fig. 2 Effect of different plant
growth hormones on response to
callus production from leaf
explants of J. malabaricum
Wight. on MS medium
supplemented with different
auxins and cytokinins. Figures
on x axis represent lM
concentration of growth
regulators in medium

Continuous shaking extraction (CSE) was carried out on
orbital shaker (REMI, India) equipped with temperature
sensor. The shaking speed was adjusted to 1109g at controlled temperature (30 ± 5 °C). Ten percent of plant
material was extracted with 95 % methanol for 24 h. For
microwave assisted extraction (MAE) method, 10 % same
amount was extracted by exposing it to 1, 3 and 5 min in a
microwave oven. The extracts obtained after filtration were
stored at 4 °C until use.
Total phenolic content was quantified using modified
Folin Ciocalteu method [9]. Antioxidant activities were
determined as the measure of radical scavenging using
DPPH assay as determined by Brand-Williams et al. [10]
and results were expressed as described by Deshmukh et al.
[11]. Similarly, ferric reducing antioxidant power (FRAP)
assay were performed by method described by Benzie and
Strain [12]. The results were expressed as ascorbic acid
equivalent antioxidant capacity (AEAC) as determined by
Patil et al. [13].
GraphPad Instat version 3 and Microsoft excel, 2007
software were used to process the data. Data are presented
as means ± standard deviations and results were processed
for Student–Newman–Keuls Multiple comparison test.
Differences up to P \ 0.05 were considered significant. In
addition, simple regression analysis was performed to seek
relationships within and among the phenolics, antioxidant
DPPH and FRAP assays for different parts and callus of J.
malabaricum.
Callus growth was observed on all combinations of
auxins and cytokinins attempted except on plain MS.
Figure 1 illustrates callus developed on different concentration and combination of 2, 4-D and other cytokinins
after 32 days of inoculation. Callus was initiated from leaf
explants on MS medium supplemented with different
concentration of 2, 4-D. Indications of callus initiation
were evident within 6 days on inoculation, wherein curling
of explant and swollen veins were observed. The leaf
surface was fully covered with callus growth within
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16 days of inoculation. Among the auxins, 2, 4-D induced
callus growth was more efficient than NAA.
Growth and morphology of callus was affected by different concentration of 2, 4-D. Murashige and Skoog [14]
basal medium fortified with 2, 4-D 9.05 lM showed
excellent results with 100 % response and excellent growth
up to 32 days (Fig. 2). While lower concentration of 2, 4-D
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Fig. 3 Total phenolics content
and antioxidant activities
(DPPH and FRAP) as
determined for different
extraction methods (MAE and
CSE) in leaf, stem and callus
material of J. malabaricum
Wight. ‘A’ extract of callus
obtained on MS basal
?6.78 lM 2, 4 D after 32 days
of inoculation; ‘B’ extract of
callus obtained on MS basal
?9.05 lM 2, 4 D after 32 days
of inoculation. (Color figure
online)

(6.78 lM) initially showed slow growth, which after successive sub culturing improved. Whereas, MS basal supplemented with still lower levels of 2, 4-D (4.52 and
2.26 lM) showed poor growth and higher concentrations
failed to produce results.
Total phenolic content measurement carried out in leaves
(1.00 %), stem (0.67 %) and callus extracts (1.00 %), showed

Concentration (%) in callus
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0.4 % (w/v) callus obtained from 2, 4-D 6.78 and 9.05 lM
extracts showed better results respectively. The AEAC (lM)
results measured by FRAP are depicted in Fig. 3. The
extracts investigated showed the following order of antioxidant activity by FRAP method: leaf [ stem [ callus.
Result of FRAP antioxidant activity was higher compared to
DPPH assay. The plant extracts responded well to both the
antioxidant assays (DPPH and FRAP) tested. It was significant to note that the results were different from results
obtained by Sasikumar et al. [15] in Nyctanthes arbor-tristis
(Oleaceae), where the activity was lower compared to present study.
Coefficient of determination (R2) and significance (P
value) between TPC and antioxidant activities are shown in
Table 1. Leaves of J. malabaricum showed strong correlation for different method of extraction. FRAP exhibited
extreme significance (P \ 0.001) with TPC and DPPH.
This was unlike the pattern of extent of correlation showed
in stem extracts, where FRAP continued strong relation
with TPC with a significance P \ 0.05 and a moderate

834.05 ± 33.61, 996.68 ± 49.83, 1,109 ± 55.45 lg/ml
caffeic acid equivalent per gram dry plant tissue respectively.
The results obtained from different extracts are shown in
Fig. 3. Among the samples assayed higher phenolic content
was observed in callus extracts. It yielded 24.80 % higher
TPC than leaf extracts and 10.13 % higher than stem extracts.
When both the extraction procedures (MAE and CSE) were
compared MAE method yielded more amount of TPC compared to CSE.
The AEAC (lM) results of antioxidant activity evaluated
using DPPH are showed in Fig. 3. The RSA of leaves, stem
and callus of J. malabaricum was concentration dependent
with an EC50 value of 0.08, 0.10 and 0.16 % respectively. At
a concentration of 1.00 % (leaf), 0.67 % (w/v stem), 1.00 %
(w/v callus obtained on MS ? 2, 4-D 9.05 lM) extracts was
able to quench 94.72, 90.73 and 87.00 % of DPPH. Microwave assisted extraction method used for estimating
antioxidant activity had poor results as compared to CSE.
Highest activity was observed in 0.4 % (w/v) stem extract as
compared to 0.4 % (w/v) leaf extract. However, CSE of

Table 1 Coefficient of determination (R2) obtained from relations between TPC and antioxidant activities (DPPH and FRAP) with each, other
values for same as well as different methods of extraction
TPC MAE

TPC CSE

DPPH MAE

DPPH CSE

FRAP MAE

FRAP CSE

1.0000ns

0.9624ns

0.8076ns

0.7654ns

0.9894***

0.9461***

ns

ns

0.7422ns

0.9427***

0.9937***

1.0000ns

0.9966ns

0.8306***

0.7435***

ns

0.7891***
1.0000ns

0.7117***
0.9302ns

Leaves
TPC MAE
TPC CSE

1.0000

0.7753

DPPH MAE
DPPH CSE
FRAP MAE

1.0000

1.0000ns

FRAP CSE
Stem
TPC MAE

1.0000ns

TPC CSE

0.9738ns

0.6023ns

0.6584ns

0.9606ns

0.8926*

ns

ns

ns

ns

0.9513*

0.9409ns

0.5418ns

0.6701ns

ns

0.6352

ns

0.7819ns

1.0000

ns

0.9205ns

1.0000

0.6768

0.7446

1.0000ns

DPPH MAE
DPPH CSE

1.0000

FRAP MAE

0.9733

1.0000ns

FRAP CSE
Callus

TPC A

TPC B

DPPH A

DPPH B

FRAP A

FRAP B

TPC A

1.0000ns

0.9992ns

0.8987ns

0.8841ns

0.9799ns

0.9926ns

ns

0.9034

ns

0.8883

ns

ns

0.9933ns

1.0000

ns

0.9663

ns

ns

0.8049

0.8708ns

0.7927ns

0.8563ns

ns

0.9897ns

TPC B

1.0000

DPPH A

1.0000ns

DPPH B
FRAP A

0.9787

1.0000

1.0000ns

FRAP B
2

R values

Extreme

1.000

Strong

\0.9999–0.7000

Moderate

\0.6999–0.5000

The extents of correlation as determined by Student–Newman–Keuls multiple comparison test are shown with bold, italics
‘A’ extract of callus obtained on MS basal ?6.78 lM 2, 4 D after 32 days of inoculation, ‘B’ extract of callus obtained on MS basal ?9.05 lM 2,
4 D after 32 days of inoculation
* P \ 0.05: significant; *** P \ 0.001: extremely significant;
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relation was obtained for DPPH with TPC and FRAP with
DPPH at no significance level. It has been suggested that
the polyphenols from plants are correlated with their
antioxidant activity [16]. It is considered that the antioxidant activity of phenolic compounds is due to their high
redox potentials.
It may be concluded that callus culture from leaf
explants of J. malabaricum may serve as an alternative for
plants obtained from wild for production of potent phenolics antioxidant compounds by CSE method. The callus
culture yield about quarter fold more phenolics with about
40 % higher DPPH radical scavenging anti-oxidant activity
than in leaves, thereby demonstrating an alternative way
for production of similar compounds.
Acknowledgments Authors are indebted to Principal, KLEs Pharmacy College and Officer-in-Charge, RMRC, Belgaum for providing
necessary help and facilities. Sandeep R. Pai is grateful to ICMR and
SERB, DST, New Delhi for support.

229

6.

7.

8.

9.
10.

11.

12.

References
13.
1. Khare CP (2002) Indian medicinal plants-an illustrated Dictionary. Springer, New Delhi, pp 343–344
2. Han X, Shen T, Lou H (2007) Dietary polyphenols and their
biological significance. Int J Mol Sci 8:950–988
3. Pai SR, Nimbalkar MS, Pawar NV, Patil RP, Dixit GB (2010)
Seasonal discrepancy in phenolic content and antioxidant properties from bark of Nothapodytes nimmoniana (Grah.) Mabb. Int J
Pharma Bio Sci 3(1):1–17
4. Santana CM, Ferrera ZS, Padrón MET, Rodrı́guez JJS (2009)
Methodologies for the extraction of phenolic compounds from
environmental samples: new approaches. Molecules 14:298–320
5. Cork SJ, Krockenberger A (1991) Methods and pitfalls of
extracting condensed tannins and other phenolics from plants:

14.
15.

16.

insights from investigations on Eucalyptus leaves. J Chem Ecol
17:123–134
Blando F, Gerardi C, Nicoletti I (2004) Sour cherry
(Prunuscerasus L.) anthocyanins as ingredients for functional
foods. J Biomed Biotech 5:253–258
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Abstract

The aim of the present research work was to synthesize silver nanoparticles (AgNPs)
using Salacia chinensis plant extract and to evaluate its antibacterial activity. AgNPs
were successfully synthesized and formation of AgNPs was confirmed by visual color
change and UV (Ultraviolet) spectroscopy. Prepared AgNPs were purified and
characterized by using dynamic light scattering (DLS), Fourier transform infrared
spectroscopy (FT-IR), X-ray diffraction (X-RD), Scanning electron microscopy coupled
with energy dispersive X-ray spectroscopy (SEM-EDAX) and transmission electron
microscopy (TEM). UV peak at 434 nm confirmed the formation of AgNPs. DLS studies
showed that AgNPs size prepared in all conditions were in the range of 100-200 nm. XRD studies revealed crystalline nature of AgNPs. EDAX studies confirmed the presence
of silver in colloidal dispersion and images were recorded by using SEM and TEM.
Synthesized AgNPs were found to be effective against Staphylococcus aureus and
Pseudomonas aeruginosa. In conclusion, AgNPs could serve as a good alternative in
treatment of bacterial infections in this era of multidrug resistance.
1

KEYWORDS: Silver nanoparticles, green synthesis, characterization, antioxidants,
antibacterial activity, Salacia chinensis.

1. INTRODUCTION
Silver is well known for its antimicrobial properties since long, but its use had decreased
due to advent of new antibiotics. Recently emergence of multidrug resistance to
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antibiotics has led to renewed interest in use of silver as antimicrobial agent Stefano et al
(2009), Krishnaraj et al (2010). Silver nanoparticles (AgNPs) play a profound role in the
field of biology and medicine due to their attractive physicochemical properties Sharma
et al (2009). AgNPs are reported to possess biomedical applications as antimicrobial
Guzman et al (2012) antifungal Panáček (2009), antiviral activity Ponarulselvam et al
(2012) and larvicidal activity Roopan et al (2013). AgNPs are also been used in many
biomedical applications like skin and burn wounds, chronic disease diagnosis and to
prevent bacterial colonization on medical devices Mohanty et al (2012). Moreover,
AgNPs also have its applications in microelectronics, photocalalysis, lithography,
photonics Bar et al (2009).

There are many techniques of synthesizing AgNPs, but most of these methods are either
expensive and/or involve the use of toxic, hazardous chemicals, which may pose potential
environmental and biological risks, Forough and Farhadi (2010). Green synthesis of
nanoparticles has received considerable attention due to the growing need to develop
environmentally benign technologies in material synthesis. There are two types of green
methods for synthesis of AgNPs viz by using plant extracts or by using micro-organisms.
2

Synthesis of AgNPs by micro-organisms is very expensive, requires sophisticated
laboratory, expert handling, difficulty in purification of AgNPs from biomatrix. With a
view to tackle challenges associated with microbial route for synthesis of AgNPs; use of
plant extract represents a novel and attractive ecofriendly approach. There are several
instances which have proved successful synthesis of AgNPs by using plants like Aloe
vera, Chandran et al (2006), Tamarindus indica, Ankamwar et al (2005), Cymbopogon
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flexuos, Shankar et al (2005), Pelargonium graveolens, Shankar et al (2003), Azadirachta
indica, Shankar et al (2004), Cinnamommum camphora, Huang et al (2007) and Emblica
officinali, Ankamwar et al (2005). Phytochemicals present in these plants are rich in
polyphenols, flavonoids, carbohydrates and proteins which account for the antioxidant
properties of plant. These antioxidant principles act as reducing agent for the synthesis of
AgNPs, K. Jha, and K. Prasad (2010), Bankura et al (2012), Kesharwani et al (2009).

However there is no data on synthesis of AgNPs using Salacia chinensis which is already
proved to contain antioxidants, U. Deokate and S. Khadabadi (2012). Literature reveals
that synthesis of AgNPs from different plants lead to formation of AgNPs having
different morphology and stability characteristics. Therefore in present investigation
reducing potential of Salacia chinensis extract have been successfully exploited for the
synthesis of AgNPs. Hence, the aim of the study was to synthesize AgNPs from stem
extract of Salacia chinensis and to study the effect of various parameters like stirring, pH
and temperature on morphology and antibacterial of AgNPs. Antibacterial activity was
performed on standard organisms gram positive Staphylococcus aureus (ATCC 25923)
and gram negative bacteria Pseudomonas aeruginosa (ATCC 27853), Escherichia coli
3

(ATCC 25922) and Salmonella typhi (ATCC 13311). Study was extended to evaluate the
synergistic effect of AgNPs with standard synthetic antibacterial drug.

In addition, literature reveals that flavonoids and polyphenols (antioxidant principles) of
plant extract are responsible for reduction of silver salt to AgNPs. But till date no data is
available to estimate quantitatively the consumption of antioxidant potential of plant
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extract and confirm their role in synthesis of AgNPs. Hence the secondary aim was to
perform in vitro antioxidant assay of plant extract by using total flavonoid content (TFC),
total antioxidant activity (TAC) and total phenolic content (TPC) of plant extract before
and after formation of AgNPs.

2. Materials And Methods
Silver nitrate was purchased from Sigma Aldrich, India. Salacia chinensis bark was
collected from Western Ghats of India and authenticated (Accession number: RMRC923) from Regional Medical Research Centre, Indian Council of Medical Research,
Belgaum-10, Karnataka, India.

2.1 Preparation Of Plant Extract And Preliminary Phytochemical Studies
Dried powdered plant material (10 g) was boiled with 100 ml of deionized water for 10
minutes. It was filtered through Whatmann filter paper no. 41 and filtrate was used for
synthesis of AgNPs. The extract was studied for preliminary phytochemical testing to
investigate the presence of carbohydrates, proteins, flavonoids, polyphenols and tannins,
Khandelwar (2008).
4

2.2 Synthesis Of Agnps
Aqueous solution of 1mM silver nitrate was prepared using deionized water. AgNPs were
prepared by addition of aqueous plant extract to silver nitrate solution. Different volume
ratios (10:1, 10:2, 10:3, 10:4 and 10:5) of 1mM silver nitrate solution to quantity of plant
extract were studied. Formation of AgNPs was observed by visual color change and
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confirmed by UV spectroscopy. Finalized ratio of silver nitrate solution to plant extract
was used to study the effect of stirring, heating (60oC) and pH conditions (pH 2, 7 and
10).

2.3 Purification Of Agnps
Prepared AgNPs were purified from matrix consisting of plant extract and AgNPs using
refrigerated high speed centrifuge (Kubota 6500, Japan) at 17000 rpm, 40C for 20
minutes. After centrifugation, settled AgNPs were collected and residual supernatant
liquid remaining after centrifuge (RSL) was stored separately for in vitro antioxidant
assay. UV spectrum was recorded before and after centrifugation to confirm the purity of
synthesized AgNPs. Presence of pure silver metal was also confirmed by EDAX analysis.
Purified AgNPs were finally lyophilized and stored for characterization.

2.4 In Vitro Quantitative Antioxidant Assay Of Plant Extract And RSL
In vitro antioxidant assay of plant extract and RSL was performed by estimating TFC,
TAC and TPC. The objective of this step was to determine the quantity of consumed antioxidant constituents of plant extract.
5

TFC was performed according to aluminum chloride colorimetric method described by
Chang et al with slight modifications. 1 mL of 2% AlCl3 prepared in methanol solution
was added to 0.5 mL of sample solution. After ten minutes absorbance was measured at
430 nm. Quercetine (QE) was used as standard and results were expressed in terms of
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µg/ml QE/g of dry extract Carvalho (2011).

TAC assay was performed by using molybdate assay method. Aqueous extract (0.3 ml)
was added to 3 ml of reagent solution consisting of 0.6 M sulphuric acid, 28 mM sodium
phosphate and 4 mM ammonium molybdate. The mixture was incubated at 950C for 90
min. and cooled to room temperature. Antioxidant activity was determined by recording
the absorbance of the solution at 695 nm and expressed in terms of equivalents of
ascorbic acid.

TPC was determined by using Folin Ciocalteu method. In this method, sample solution
(30 µl) was added to 10µl of 2N Folin Ciocalteu reagent followed by addition of 30 µl of
Na2CO3 and incubated for 2 hour. Gallic acid (standard) was used to prepare calibration
curve and results were expressed in terms of gallic acid equivalent (GAE)/g of dry extract
by measuring the absorbance at 690 nm Kubola (2008).

2.5 Characterization Of Agnps
2.5.1 Surface Plasmon Resonance (SPR) Studies

6

UV-VIS spectrophotometer(S-ican) was used to confirm the presence of SPR peak after
each synthesis. This peak is the indicator for the presence of AgNPs. The samples were
scanned in wavelength range of 200-700nm.

2.5.2 Dynamic Light Scattering Studies
Malvern Zetasizer was used to determine the zeta potential, particle size and particle size
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distribution of colloidal dispersion of AgNPs. The nanoparticles were appropriately
diluted using deionized water and analysed.

2.5.3 Fourier Transform Infrared (FT-IR) Spectroscopy
FT-IR spectrum of lyophilized AgNPs were recorded by using schimadzu FT-IR
spectrophotometer. Samples were analyzed by KBr pellet technique in the range 450–
4000 cm−1 at resolution of 4 cm−1.

2.5.4 X-Ray Diffraction
X-ray diffraction data of AgNPs was obtained by using Philips PRO expert
diffractometer. Data was recorded at room temperature using nickel filtered Cu Kα
radiations which was operated at 40 Kv voltage, 30 mA Current and 70 to 700 (2θ) range.

2.5.5 Scanning Electron Microscopy-Energy Dispersive X-Ray Spectroscopy (SEMEDAX/EDS/EDX/XEDS)
For SEM-EDAX analyses, samples were scanned using FEI SEM Quanta 200 coupled
with EDAX system. A drop of AgNPs colloidal suspension was deposited on carbon grid
7

and dried under low vacuum (10-130pa) and Voltage was kept at 20 Kev. Initially sample
was scanned at magnification of 3000x. The spot was fixed and was analyzed by EDAX
system to confirm the presence of silver. After confirmation scanning was done at
magnification of 6000x and 12000x.

2.5.6 Transmission Electron Microscopy (TEM)
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TEM images were recorded using Hitachi (H-7500) 120 kV equipped with CCD Camera.
Samples were spotted onto a carbon-coated copper grid and scanned through 1,50,000x to
3,00,000x magnification to get clear images.

2.6 Antibacterial Activity
Agar well diffusion assay method was used to study antibacterial activity of AgNPs
synthesized by different conditions. Antibacterial activity was performed against four
microorganisms viz. Staphylococcus aureus, Pseudomonas aeruginosa, Escherichia coli
and Salmonella typhi. Muller Hinton agar media was prepared, sterilized and aseptically
transferred to petri plates. These petri plates were kept for solidification of media and
later kept in incubator overnight to confirm that the petri plates are free from
contamination. These petri plates were then inoculated with test organisms and wells
were prepared for loading test samples. Different concentrations of AgNPs (10, 30, 50
and 70 µg) and ciprofloxacin (0.5µg) standard were loaded in different wells to evaluate
their antibacterial susceptibility. Antibacterial activity of AgNPs was studied at different
concentrations alone and in combination with ciprofloxacin to study its synergistic effect.
To study synergistic effect, ciprofloxacin, plant extract, silver nitrate, AgNPs and
8

physical mixture of AgNPs and ciprofloxacin were loaded in different wells. Zones of
inhibition were measured using Hi media scale after 24 hours of incubation at 370C. All
the experiments were performed in triplicate and results were recorded as mean ±
standard deviation.

3. RESULTS
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3.1 Preparation Of Plant Extract And Preliminary Phytochemical Screening
It was observed that the aqueous solution of plant extract was dark brown in color.
Preliminary phytochemical screening revealed that the plant consists of flavonoids,
saponins, proteins, carbohydrates and phenolic compounds.

3.2 Synthesis Of Agnps
AgNPs were prepared by addition of plant extract to the solution of silver nitrate. After
formation of AgNPs, visual color change was observed from colorless to brown as shown
in Figure 1. Formation of AgNPs was confirmed by UV spectroscopy which showed a
characteristic peak at 441 nm (Figure 2).

Volume ratio of silver nitrate (1 mM) to plant extract was fixed at 10:3. It was found that
synthesis of AgNPs was completed in four hours. This volume ratio of silver nitrate
solution to plant extract was used to study the effect of stirring, heating and pH. It was
found that stirring (100 rpm), heating (600C) and alkaline condition (pH10) enhances the
rate of reaction as time for synthesis of AgNPs reduced to 2 hours, 15 minutes and one
minute respectively. However there was no color change in acidic pH, instead there was
9

formation of white precipitate. There was usual colour change from colourless to brown
colour in case of stirring and alkaline condition, but heating resulted in brownish green
colour.

3.3 Purification Of Agnps
AgNPs were successfully purified by repeated centrifugation at 17000 rpm for 20
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minutes. After centrifugation, the pellets were dispersed in deionized water to check the
purity of synthesized AgNPs. Purity of AgNPs was confirmed by UV spectrophotometry
where all other peaks except the characteristic peak of AgNPs were absent as shown in
Figure 3 and 4.

3.4 In Vitro Quantitative Antioxidant Assay Of Plant Extract And RSL
In vitro antioxidant assay of plant extract and RSL was performed by estimating TFC,
TAC and TPC. It was observed that antioxidant activity was reduced significantly in RSL
as shown in Table 1.

3.5 Characterization Of Agnps
Broad SPR peak at 434 nm was observed in AgNPs prepared by all conditions. There was
blue shift to 421 nm for AgNPs prepared in alkaline condition (Figure 4). Hydrodynamic
Particle size, zeta potential and polydispersity index of AgNPs is shown in Table 2.
Lyophilized AgNPs were analysed by FT-IR spectrophotometer. FT-IR spectrum of
AgNPs showed prominent peaks at 3637 cm-1, 3429 cm-1, 3313 cm-1, 3178 cm-1, 2926
cm-1, 1728 cm-1, 1614 cm-1, 1585 cm-1, 1317 cm-1 and 1191 cm-1 as shown in Figure 5.
10

Results of X-Ray diffraction study are as shown in Figure 6. X-RD spectrum shows the
presence of peaks according to the Bragg’s reflection from (111), (123), (200) and (220)
planes of face center cubic (fcc) crystal structure corresponding to the 2θ value of 32.82,
38.82, 44.22 and 64.32. These are in line with the standard values of JCPDS No.: 040783 for silver. SEM images and EDAX spectrum images of AgNPs prepared in different
conditions are as shown in Figure 7. AgNPs prepared by heating shows comparatively
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higher size and more dispersed than AgNPs synthesized at room temperature and by
stirring. Contrary, SEM image of AgNPs synthesized at alkaline condition showed silver
nanoclusters. Morphology was also confirmed by TEM, where results are in agreement
with the results obtained by SEM analysis. It is observed that AgNPs are polymorphic
showing triangular, hexagonal, deformed spherical and rod shaped morphologies as
shown in Figure 8.

3.6 Antibacterial Activity
Antibacterial activity of AgNPs synthesised by different conditions was found to be
effective against Staphylococcus aureus, Pseudomonas aeruginosa. However negligible
activity was found against Salmonella typhi and Escherichia coli. Antibacterial activity of
AgNPs was investigated and compared with standard drug ciprofloxacin. Different
concentrations of AgNPs prepared by different conditions, zone of inhibition (mm) and
test organism used for study are shown in Figure 9. Synergistic effect of AgNPs with
ciprofloxacin was also studied. Results of this activity are shown in Figure 10. It was
found that there is no synergistic or potentiation effect shown by combination of AgNPs
and ciprofloxacin against all microorganisms used in the study.
11

4. DISCUSSION
Phytochemical investigation of extract of Salacia chinensis was performed to confirm the
presence of flavonoids, polyphenols, carbohydrates which are responsible for synthesis of
AgNPs and proteins which are responsible for its stabilization. Presence of these
phytochemicals and reported antioxidant activity of Salacia chinensis served as a base for
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using this plant as green source for synthesis of AgNPs.

Aqueous plant extract was added to silver nitrate solution leading to formation of brown
coloured AgNPs. AgNPs showed a distinct peak at 441 nm due to surface plasmon
resonance effect. During optimization different volume ratio of silver nitrate to plant
extract (10:1, 10:2, 10:3 and 10:4) were studied. AgNPs were formed in 10:3 and 10:4,
but excess amount of plant extract may lead to additional impurities and difficulties in
purification hence 10:3 volume ratio was used for further studies. Mechanistic
explanation for synthesis of AgNPs is depicted in Figure 11.

Synthesis of AgNPs was completed in four hours at room temperature. Application of
external forces like stirring and heating enhances the rate of reaction and nanoparticles
were formed in lesser time when compared to room temperature condition. Heating lead
to formation of AgNPs in fifteen minutes and showed colour change from colorless to
brownish green colour. These results are supported by Sudipa Panigrahi, et al (2006),
where a green tint appeared in the grey coloured solution demonstrating the formation of
aggregates of silver nanoparticles. In alkaline condition, AgNPs were formed in less than
12

one minute. This immediate formation of AgNPs in alkaline condition could be due to the
NaOH mediated generation of free hydroxyl groups. In acidic condition AgNPs were not
formed instead there was formation of white precipitate. This may be due to reaction
between silver nitrate and hydrochloric acid (HCl), leading to formation of Silver
chloride (AgCl).
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Probable reaction in acidic condition : Aq. AgNO3 + HCl

AgCl

+ HNO3

These results corroborates with results described by Bankura et al (2012) and Roopan et
al (2013), which propose that acidic condition prevents the reduction of Ag+ to Ag0 due
to formation of R-O+H2 resulting in formation of white precipitate.

Synthesized AgNPs were successfully purified by repeated centrifugation to remove the
extraneous matter. UV spectrum of AgNPs and RSL confirmed the purity of AgNPs after
centrifugation. From Figure 3 and 4, it can be seen that all unwanted peaks in UV region
(200-400 nm) are removed which can be due to extract. The characteristic peak of AgNPs
was very prominent which confirms its purity. EDAX analysis showed sharp peaks for
presence of silver metal confirming the presence of pure AgNPs. Extra peaks which are
present in spectra are due to background used to record the spectrum.

In vitro antioxidant assays (TFC, TAC and TPC) of aqueous plant extract and RSL
suggests that there is decrease in antioxidant principles of plant after synthesis of AgNPs.
This decrease in antioxidant potential of RSL suggests the role of antioxidants
(flavonoids and polyphenols) in reducing silver nitrate to AgNPs. Many researchers have
13

hypothesized the role of flavonoids and polyphenols in synthesis of AgNPs, but this is the
first time that quantitative in vitro antioxidant assays have been performed to demonstrate
a clear role of these phytochemicals.

SPR studies of purified AgNPs synthesized by different conditions showed a prominent
peak in characteristic region of 430-450nm. AgNPs prepared at room temperature and

Downloaded by [University Library Utrecht] at 00:49 14 March 2015

stirring showed SPR peak at 432 nm, however AgNPs synthesized by heating showed a
red shift to 441nm. This might be due to aggregation of nanoparticles leading to increase
in particle size. Increase in the particle size may be due to heating at higher temperatures
and resulted in denaturation of proteins, which are considered as key component for
stability of AgNPs, Ahmad et al (2010). However, contradictory results were observed by
Yong et al (2009), where particle size was inversely proportional to reaction temperature.
In case of alkaline condition SPR peak shifted to 420nm showing decrease in particle
size, which was supported by results of dynamic light scattering as shown in Table 2.

Particle size was determined by DLS and TEM analysis. DLS was used to estimate
hydrodynamic diameter of AgNPs, whereas TEM was used to estimate actual particle
size of AgNPs. Hydrodynamic diameter means size of AgNPs coated with the
phytochemicals of plant material which are responsible for stabilization of nanoparticles.
TEM images show the presence of both the actual and the hydrodynamic diameter. DLS
studies suggest that there is no significant difference in the hydrodynamic diameter of
AgNPs prepared at room temperature and stirring. But, heating shows increase in

14

hydrodynamic particle size and AgNPs synthesized in alkaline condition showed
decrease in particle size. These results are in agreement with the results of TEM analysis.

FT-IR spectrum reveals the presence of characteristic intense peak at 3313 cm-1, 3159
cm-1, 1720 cm-1, 1614 cm-1 and 1317 cm-1. FT-IR peak at 3313 cm-1 suggests the presence
of

–OH stretching vibrations of phenolic compounds, 3159 cm-1 suggests the presence
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of –C-H stretching, 1720 cm-1 represents C=O group present in flavonoids, 1619 cm1

represents amide group which occurs due to amide linkage of proteins and 1317 cm-1

reveals the presence of C-N stretching vibrations of amine. This clearly shows that the
freely water soluble flavonoids, polyphenols and proteins present in aqueous extract of
Salacia chinensis are responsible for reduction of Ag+ to Ag0 nanoparticles and are
adsorbed onto the surface of AgNPs leading to its stabilization. X-RD spectrum indicates
that synthesized AgNPs are crystalline in nature. Presence of intense fcc (111) refraction
suggests that AgNPs are anisotropic in nature.

SEM analysis suggests that the particles are spherical in morphology. However the
particles were found to be dispersed in all conditions except in alkaline condition, in
which particles were in nanocluster form Sudipa Panigrahi, et al (2006). Moreover
reduced magnitude of zeta potential suggests that particles are aggregated resulting in
formation of clusters. TEM analysis showed the actual particle size of synthesized
AgNPs and it was found to be in the range of 20-80 nm. TEM images also revealed the
presence of spherical, rods, triangular, hexagonal shaped AgNPs depicting mixed
morphology of AgNPs.
15

AgNPs exhibited desirable antibacterial activity against Staphylococcus aureus,
Pseudomonas aeruginosa whereas negligible antibacterial effect against Escherichia coli
and Salmonella typhi when compared with standard drug ciprofloxacin, Forough and
Farhadi (2010). There was clear zone of inhibition as shown in Figure 10 confirming the
bactericidal activity of AgNPs. Antibacterial activity of AgNPs is highly dependent on
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particle size. Studies done by Bankura et al (2012) exhibit better activity (particle size 510 nm) compared to AgNPs prepared by Salacia chinensis (particle size 20-80nm).

Antibacterial effect of AgNPs against these bacteria was checked for its synergistic effect
with ciprofloxacin. It was found that there was no synergistic effect shown by the
combination of AgNPs and ciprofloxacin (Figure 10). Contrarily, Fayaz et al (2010)
suggested significant synergistic effect of AgNPs where ampicillin, kanamycin,
chloramphenicol were used for study. This difference could be attributed to particle size
as well as the mechanism of action of AgNPs. Different mechanisms for bactericidal
activity of AgNPs are diagrammatically represented in Figure 12.

5. CONLUSION
In the present study it was demonstrated that Salacia chinensis owing to its antioxidant
potential could be used effectively as a green source for synthesis of AgNPs. Effect of
different parameters like temperature, pH and stirring was studied on synthesis of AgNPs.
Antioxidant assay serve as a clear proof for the role of flavonoids and polyphenols in

16

green synthesis of AgNPs. Clear zone of inhibition suggest that silver metal in
nanoparticle range could be effectively used as an antibacterial agent.
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Table 1. Quantitative evaluation of aqueous extract
Test

Total flavonoid content µg/ml QE/g of dry

Before formation

After formation of

of AgNPS

AgNPs

441.06±15.31

2.12±1.72

79.41±5.55

22.62±5.55

774.1±27.81

68.09±4.87

extract
Total antioxidant capacity µg/ml of AA/g of dry
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extract
Total Phenolic content µg/ml of GAE/g of dry
extract
All values are expressed as mean ±Standard deviation of triplicate experiments.
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Table 2. Particle size of AgNPs Prepared by different optimized conditions
Sl No. Condition

Particles size

PDI

Zeta Potential
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(nm)±SD
1.

Room temperature

277±1.04

0.358±0.74 -33.6±0.24

2.

Effect of Stirring

285±1.15

0.305±1.04 -26.5±0.21

3.

Effect of Heating

284±0.79

0.276±0.92 -31.0±0.96

4.

Effect of Alkaline condition 130±2.01

0.539±0.74 -20.4±1.07

All values are expressed as mean ±Standard deviation of triplicate experiments.
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Table 3. Zone of inhibition of AgNPs to study synergistic effect with ciprofloxacin
against different microorganisms
Test bacteria

AgNPs

Ciprofloxacin

(100µg/ml) (5µg/ml)

Ciprofloxacin

AgNO3 Plant

(5µg/ml)+

extract

AgNPs
(100µg/ml)
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Zone of inhibition (mm)
Staphylococcus aureus

13±0.57

20±0.57

18±1.52

-

-

Pseudomonas

13±1.0

24±1.52

24±0.57

-

-

Salmonella typhi

-

28±1.52

28±1.00

-

-

Escherichia coli

-

34±0.57

34±0.57

-

-

aeruginosa

All values are expressed as mean ±Standard deviation of triplicate experiments.
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Figure 1. Colour changes after formation of AgNPs.
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Figure 2. UV Spectrum showing characteristic peak at 441 nm
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Figure 3. UV spectra of synthesized AgNPs before centrifuge
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Figure 4. Overlay UV spectra of all optimized conditions after centrifuge
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Figure 5. FT-IR spectrum of AgNPs prepared by different conditions A) at room
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temperature B) by stirring, C) by heating and D) at alkaline condition
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Figure 6. X-RD spectrum of AgNPs prepared by different conditions
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Figure 7. SEM-EDAX image of AgNPs prepared A) at room temperature B) by stirring
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C) by heating and D) at alkaline pH.

31

Figure 8. TEM image of AgNPs prepared at different conditions A) at room temperature
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B) by stirring, C) by heating and D) at alkaline condition
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Figure 9. Zone of inhibition of AgNPs prepared at different conditions against different
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microorganisms
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Figure 10. Photograph showing zone of inhibition of AgNPs, Ciprofloxacin, Plant
Extract, Silver nitrate and mixture of ciprofloxacin and AgNPs, to study synergistic
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activity of AgNPs.
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Figure 11. Mechanism involved in synthesis of AgNPs.
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Figure 12. Diagram showing typical bacterial cell and mechanism of action of AgNPs for
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its antibacterial activity.
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value geo-textiles like blankets, decorative fabrics, gift
articles, shopping hand bags and wall hangings. High value
jute products include carpet, apparel, composites,
decorative, upholstery furnishings, fancy non-woven
products, decorative color boards etc. Jute twines of
different qualities and thickness are used extensively in
India for a large variety of purpose, particularly for packing
purpose and various type of rope making and in finishing
nets and softened twines can be used for packing cloth,
carpets etc1, 2.

Abstract
Jute is an important natural cellulosic fibre with
versatile applications. Coloration of any fabric
improves look, feel and aesthetic appeal and market
value of the fabric. Natural dyeing offers special
advantages and significant opportunity for dying jute
textiles. Around 60 fungal strains producing dyes of
different shades were considered for the study.
Fermentative production and textile dyeing
applications of these fungal dyes were carried out
initially with wool, silk and cotton and then extended
to Jute. Rub fastness, color fastness to washing and
light was carried out and was found to be satisfactory.
Results suggest that fungi are potential sources of
natural dyes, media and inducers: salt in specific,
environmental conditions, sampling source play a role
in production of fungal dyes. They produced a wide
range of color shades with different mordents.
Bleaching improved the dye uptake. Jute twine was
double bleached with sodium hypochlorite and
hydrogen peroxide for obtaining satisfactory white.

The demand of Jute is increasing rapidly because of its
environment friendly nature. The traditional excellence of
craftsmen and artisans is reflected in a wide range of jute
handicrafts of utility, decoration and novelty. There is
bright scope for Jute yarn as traditional jute products are
becoming more and more valuable and occupy a dominant
share in both production and market3,4. Coloration of any
fabric improves look, feel and aesthetic appeal thereby the
market value of the fabric, so is the case of Jute. At present
synthetic dyes dominate the market and are predominantly
used in the textile dyeing as they are relatively cheap,
easily available because of existing technology for their
manufacturing. Direct, sulphur, vat, acid, basic and reactive
dyes are very popular for dyeing and printing of jute fibers
for different end user requirements5,6.

Metal chelating effects of many of plant and microbial
extracts and dyes were shown to possess various
applications in inks and textile dyeing. Pre and post
mordenting with metal ions improved the intensity of
shades and its fastness characteristics. Based on
metal chelating tests many of our fungal strains were
secreting some kind of siderophores( low molecular
weight, metal-chelating ligands) and organic acids.
We claim Strains with these properties can be better
explored for textile dyeing applications.

There is an increased awareness of eco-friendly products
and interest back in natural colors. They are generally
environmentally friendly and have many advantages over
synthetic dyes. There is a strong consumer demand for
natural colors because of safety, toxicity, health;
environment problems caused by those of synthetic colors.
All the fabric colorants/dyes were of natural origin, prior to
the mid-nineteenth century and were natural dyes7. Natural
dyes are an attractive alternative for textile dyeing as they
produce very uncommon, soothing and soft shades as
compared to synthetic dyes8, 9. Natural dyes produce an
extraordinary diversity of rich and complex colors as well
as unexpected results, making them exciting to use.
Naturally dyed yarns are full of pleasant surprises as well
as being great motivators 10.

Keywords: Fungal dyes, Natural Dyeing, Jute Dyeing,
Siderophores, Natural mordents.

Introduction
Jute is a long, soft, shiny vegetable fiber produced from
plants in the genus Corchorus belonging to the family
Sparrmanniaceae. It is the world's second most used ecofriendly natural fiber after cotton with versatile
applications. Jute fiber is very strong and composed of
cellulose and lignin. Jute is also called "the golden fiber"
and is branded as the “fiber for the future” for its high cash
value. It is used for making diversified products such as
carpet-backing cloth, burlap, hessian or gunny cloth, low

Microorganisms have been used for a long time for
production of molecules as diverse as antibiotics, vitamins,
amino acids, enzymes, exopolysaccharides, siderophores,
biosurfactants, texturizing agents and so on. Production of
dyes by microorganisms dates back to 1983 when Ensley et
al reported indigo production using microorganisms11.
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There is a great interest in exploring microbial sources for
production of colors because of the availability of large
scale fermentation technology. Many species of Monascus,
Penicillium, Curvalaia, Trichoderma , Alternaria,
Rhodotorula,
Bacillus,
Haematococcus,
Serratia
,Achromobacter, Chromobacterium, Yarrowia and Phaffia
are reported produce a number of pigments 12.

pharmaceutical and cosmetic applications in food, yet the
exploration of fungi for textile dyeing applications
production is very limited and extensive investigation has a
promising future25.
The fungal system can grow and produce color in large
scale within a short period of time in a limited space. For
industries microbial dyeing technology will be highly
advantageous compared to higher plants26, 27. Dyeing of
jute with natural dyes for improvement of color yield and
other protection properties was carried out by few
researchers28. Therefore an investigation was undertaken on
textile dyeing applications of microbial dyes and their
metabolites. Studies were carried out successfully with silk,
wool, coir, cotton and jute.

Production of wide range colors of different shades
associated with the microbial diversity is possible. They
can be grown in controlled conditions independent of
weather conditions. Fermentation studies such as easy
manipulation of production conditions, media optimization,
growth on cheap substrates, cost effective chromatographic
and downstream processing techniques can maximize
production and recovery of natural colors from microbial
cells13,14. Worldwide microorganisms from different
environments are being investigated as sources of natural
colors or pigments. Researchers continue to place emphasis
on the strategies aimed at the isolation of strains which will
overproduce biocolours. As nature is quite rich in several
types of pigments such as napthaquinones, anthraquinones,
tetrapyrroles, betalains, rubramines, flavanoids and
carotenoids, there is a scope for isolating biocolors from
nature and use them as textile dyes as an alternative to
synthetic colors12,15. Fungi are more ecological interesting
source of pigments and their ability to produce rich and
stable colorants such as anthraquinones offer significant
opportunity for dyeing textiles16, 17.

Material and Methods
Soil samples and all plant materials used for isolation of
fungi were collected from in and around Belgaum,
Karnataka. Isolation of fungi from soil and plant material
was carried as per standard protocols and by modified
selective and enrichment microbiological techniques as
mentioned in the Manual of industrial microbiology and
biotechnology29. All the isolates were maintained and
preserved on appropriate media as per standard protocols.
Pure cultures were isolated by repeated sub culturing and
were maintained on PDA Slants. Potato dextrose agar and
sabroud dextrose agar media are used for maintenance of
pure cultures of fungi.

The production and evaluation of natural dyes and
microbial pigments as textile colorants are investigated by
many other researchers18-21. Mordents are chemicals that
help improve the fastness and depth of color of the dye
.They make the natural dyes to bond chemically with the
cloth and prevent the color from either fading upon
exposure to light or washing. The most commonly used
mordents are the metallic salts of alum, chrome, iron and
tin. Tannic acid is also commonly used in natural dyeing.
The color shades of textile will vary depending on type and
concentration of mordent, dye and dyeing method used7.
Siderophores are low molecular weight, metal-chelating
ligands produced by nearly all microorganisms22.Tannic
acid is a catecholic type iron chelating siderophore. Irontannate complexes have been used to color a vast array of
woven and non-woven materials shades of black, grey, or
brown, on such as silk, wool, skin, leather, and cellulosic
materials such as cotton and flax23.

Isolation of Endophytic fungi: Endophytes from leaves
stem and roots of authenticated plant material were isolated
by following the protocol30,33 with some minor
modifications. Different surface sterilization methods were
initially attempted with appropriate positive and negative
controls. In brief, plant specimens were thoroughly washed
and were surface sterilized by dipping in 70% ethanol for 2
min followed by 5% sodium hypochlorite for 10 min and
finally 70% ethanol for 1 min. Surface sterilized samples
were washed thrice with sterile distilled water. The surface
sterilized samples leaf and stem were cut into small
segments and were placed on potato dextrose agar petri
plates containing streptomycin sulphate solution
(150 mgl-1). The Petri dishes were incubated for one week
at 27˚C. The emerging fungal hyphae after inoculation
were picked and transferred onto Potato dextrose agar
(PDA) and sabouraud dextrose agar (SDA) plates for
identification and preservation. Isolated fungi were
identified on the basis of their morphological and
microscopic studies using relevant taxonomic features
mentioned in various standard manuals and with the help of
local fungal taxonomists.

Fungi synthesize a wide range of catecholate and
hydroxamate siderophores and phenolic compounds. These
have high affinity to ferric irons and for stable complexes24.
This triggers the expectation that fungal siderophores can
be explored for mordenting applications of textiles.
Successful commercialization of various microbial dyes
and pigments is reported in commercial, scientific and
patent literature. Although there is successful
commercialization of many microbial dyes for food,

Microbial cultivation and extraction of metabolites:
Preliminary testing for the ability of screened organisms to
produce diffusible pigments was carried out. Briefly pure
isolated organisms were inoculated into either 10, 30ml
culture tubes containing suitable media and subjected to
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either static or shaking conditions. Selected promising
fungi shown to produce pigments were grown in 250 ml
Erlenmeyer flasks containing 100 ml Potato Dextrose
Broth. The flasks were incubated at 28 ± 2°C for 2 weeks
for submerged cultivation with periodical shaking at 150
rpm. The fungal culture was filtered to remove mycelium.
Textile dyeing applications was carried out using crude
broth using standard natural dyeing protocols. Fungal DNA
isolation was done using Biopure fungal DNA extraction
kit. PCR of ITS region was carried out using standard
protocols PCR reagents and kits obtained from Jonaki,
BRIT, CCMB and Hyderabad. Preliminary morphological
and microscopic characterization was carried out at our lab
with the help of fungal taxonomy experts. Morphological
and molecular characterization of promising isolates is in
progress.

Mordant and dyeing order and combination: The
following mordanting and dyeing combinations were used
by treating native and bleached jute as per natural dyeing
protocols:
1. Cell free fungal dye broth followed by metal salt
mordent (ferrous sulphate/ stannous chloride/ Copper
sulphate) followed by tannic acid.
2. Metal salt mordent followed by Cell free fungal dye
broth followed by tannic acid.
3. Tannic acid followed by Metal salt mordent and then
by Cell free fungal dye broth.
Dyeing of native and bleached jute twine samples was done
with natural cell free fungal dye broth in both acidic and
alkaline conditions. Each treatment was done for about 90
minutes at 900C. After dyeing, the dyes fabrics were
washed thoroughly in cold water and then soaped with
2ml/L non-ionic surface active agent at 500C for 30
minutes followed by normal washing and drying.
Evaluation of Physico-chemical properties was done
qualitatively and color comparison was done by visual
evaluation as objective of the study was to explore
possibility of using fungal siderophores and dyes for jute
textile dyeing.

Fe2+ ion chelating activity: The Chrome Azurol S (CAS)
chemical assay was used to detect the iron chelating
siderophore activity 31. The ternary complex chrome azurol
S, iron(III) and hexadecyl trimethyl ammonium bromide
serve as an color indicator for detection of iron chelating
activity. Compounds with metal chelating activity
(Siderophore activity) remove the iron from the dye
reagent, as a result color turns from blue to orange. An
orange halo around the microbial colonies on blue agar
plates is indicative of siderophore excretion by that strain.
Supporting standard Fe2+ chelation assays were also carried
out using EDTA as a positive control. Briefly, the cell free
fungal dye extracts was added to ferrous sulfate solution
(12.5 μM) and the reaction was initiated by the addition of
ferrozine (75 μM). The mixture was shaken vigorously and
left standing for 20 min at room temperature. Then the
absorbance was taken at 562 nm32.

Results and Discussion
In search of bioactive compounds we have isolated more
than 500 fungal strains from soil and plant and endophytic
sources using standard microbiological isolation
techniques. Around 60 fungal strains were producing
biocolours of red, brown, yellow and black shades and
were considered for the study. These include endophytes of
medicinally important plants and natural dye yielding
plants. Endophytic isolates from medicinal plants and
natural dye yielding plants were of particular interest. Few
promising isolates were obtained from whitania,
nothophyditis, gymnema, harda, marigold and henna. They
were secreting dyes in to the medium. Anthraquinones are
reported to be interesting secondary metabolites produced
from fungi significant antibiotic, anti-protozoal and
cytotoxic activities.

Scouring and bleaching of Jute twine: Grey jute twine
fibers were washed for 30 min with non-ionic detergent in
hot water and then were washed thoroughly in hot water,
cold water in succession. They were then neutralized with
acetic acid followed by cold washing and air-dried at
ambient temperature. Bleaching of both original grey and
scoured jute twine was done in a closed vessel with 10%
sodium hypochlorite solution using sodium carbonate to
maintain alkaline pH at room temperature for 1 hour. This
was followed by bleaching by treating the jute materials
with a solution in hot water bath maintained at around 800
C containing 6% hydrogen peroxide, 1% trisodium
phosphate , sodium hydroxide (2% caustic soda) and 2%
sodium carbonate and 1% soap at followed by 24 hours
storing at room temperature.

Fungi and lichens are known to produce anthraquinones
and their derivative based dyes .They have been used for
textile dyeing from ancient times and are reported to be
stable to light and washing. Preliminary chemical and
spectral investigations reveal that few of fungal strains are
secreting polyketide and anthraquinone pigments. Static,
submerged, batch and fed batch modes of fermentations
were used for fermentative production of and fungal dyes
and metabolites. Submerged and fed-batch fermentation
gave more yields. Various isolation and fermentation
parameters such as production media, temperature, oxygen
supply conditions, addition of inducers such as salt,
sampling source were studied.

Dyeing of textile fibers: Standard protocols with minor
modifications mentioned in the book handbook of natural
dyes for industrial applications were followed.7 Ferrous
sulphate, stannous chloride and copper sulphate were used
at permissible levels as mentioned in natural dyeing
protocols. Fungal dye broth was used as both dyeing and
mordenting,

Results suggest that sampling source, media in general salt
in specific, environmental conditions play a role in
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production of microbial pigments suggesting microbial
biodiversity studies can give more hues. Representative
pictures of isolation and fermentation production of fungal
metabolites and screening of siderophores and ph indicators
are shown in figure1a.

extracts were shown to possess textile dyeing application.
Metal chelating effects of Tannic acid, Gallic acid and
other phenols has been well exploited well in textile
dyeing. Based on the universal Chrome Azurol S (CAS)
chemical assay, FeCl3 test and other metal chelating test,
many of our fungal strains were secreting some kind of
siderophores and organic acids. Representative pictures are
shown in figure 1b. Many of the dye yielding plants
reported for successful natural dyeing application were
shown to possess metal chelating properties. This indicates
that siderophore containing fungal broth can be used as
natural mordenting. Byproducts of fermentation industry of
safe strains with this property can be used for natural
mordenting for value addition.

Based on the observations of successful textile dyeing
applications of natural dyes from plant and microbial
sources to wool and silk, studies were extended to plant
fibers cotton and jute. It is said that natural dyes work best
with natural fibers such as jute. Any product must have
attractive look to have customers' attraction so is the case
of diversified and value added jute products, apparels and
furnishing textiles. A simple, cost effective eco- friendly
process of bleaching and subsequent coloration of bleached
jute fabric in different shades is needed for enhancing the
market value. It is said that processing of jute is difficult
due to its complex chemical structure and bleaching of jute
is to be done in such a way that it produces sufficient
whiteness without damaging fiber strength. As it is
dependent on the method, nature of bleaching agent, pH
and time, literature inputs were taken and different methods
of bleaching were attempted.

An attempt fermenting dye yielding leaves of a social
forestry plant with one metal chelating fungal strain gave a
clue that with biotechnological intervention and
fermentation of agro-residual material, simultaneous
natural dyeing can be done without the need for mordents.
Change in fungal broth color used and shade of textile
material obtained was observed. Different shades of
colored jute twine were obtained using biocolours of red,
brown, yellow and black shades. These studies utilized
native treated unprocessed fermented broth in an attempt to
develop cost effective natural dyeing and show the proof of
concept that fungal metabolites can effectively be used as
mordents and dyes.

Based on satisfactory results sequential double bleaching
with 10% sodium hypochlorite and 6% hydrogen peroxide
was used. Representative picture of jute twine to whiteness
is shown in figure1c. Strength of fibers although reduced
was found to be satisfactory. A comparative study of
mordenting and dyeing ability of native jute twine,
scorched and bleached jute was made. Mordenting and
dyeing application of cell free boiled fungal broth
containing siderophore and dye metabolite was carried out
using standard protocols as per the plan and order
mentioned above.

However we feel further cost effective purification of
fungal dyes can yield better and more visible distinct shade.
After the natural dyeing process the testing of the fabric is
done to test the fastness of color. Washing and rubbing
fastness test were carried out. Crude broth itself without the
need of additional mordent showed the dyeing ability.
Further the dyed cotton and silk fabrics did not change the
color in soap washing and sunlight drying. Dyeing
applications were carried out with cell-free broth. Dyes can
be further concentrated and purified by conventional
downstream processing which may improve the stability
and shade of dye. Representative picture of pre, post
natural dyeing of fungal dyes and other research relevant
pictures are shown in figure1. Similar results were obtained
with cotton and coir.

The following observations were made from mordenting
and dyeing experiments. Fungal dye uptake was observed
by both native and bleached and different shades were
obtained. Pre and post mordenting with metal ions
improved the intensity of shades and its fastness
characteristics. This was in correlation with the screening
results of metal chelating activity of fungal broth used. A
significant color change of fungal broth samples occurred
when treated with ferric chloride. Tannic acid is most
commonly used mordent in natural dyeing and is a catechol
type iron chelating siderophore. Iron-tannate complexes
have been used in inks and to color woven and non-woven
materials to obtain shades of black, grey, or brown on
textiles.

At present synthetic colors dominate textile dyeing
applications in the market as they are relatively cheap and
easily available. Percentage usage of natural dyes is very
nominal mostly confined to cottage sector by traditional
artisans, enthusiasts and small entrepreneurs. Availability
of different shades and economy of pigment production,
awareness of usage of natural dyes for various applications
are major constraints for success of natural dyes. Nature is
rich in vide variety of natural colors. Microbes are potential
sources of natural colorants. Worldwide microorganisms
from different environments are being investigated as
sources of natural colors or pigments.

Many fungal strains isolated demonstrated metal chelating
mostly hydroxamate type. Secretion of metal chelating
compounds was prominent with endophytic strains. Many
of the strains produced some kind of organic acid as
evident from pH at the end of fermentation. Metal chelating
effects of many of plant and microbial based extracts and
dyes were reported in the literature. Independently these
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There is a great interest in exploring microbial sources for
production of colours because of reported stability of the
pigments produced and the availability of large scale
cultivation technology. Successful commercialization of
many food grade pigments is already reported. As currently
used technology for the microbial pigment production on
an industrial scale is costly, there is need to develop cost
effective fermentation technology that produces natural
colours. Also there is need to highlight and demonstrate the
uses and applications of microbial biocolours as
commercially competent alternate of synthetic dyes.

Conclusion
Our results indicate microorganism’s general fungi and
endophytes preferably from dye yielding plants in specific
are potential sources of variety of natural colors and metal
chelating compounds. As promising results and relative
success were obtained with a small number of trials a large
scale screening of endophytes from wide range of dye
yielding plants and locations may lead to wide range of
hues. Nature is rich in wide variety of natural dyes together
with microbial dyes from GRAS (generally regarded as

safe organisms) which can successfully be explored as
textile colorants. Naturally occurring anthraquinone
pigments offer significant opportunity for dyeing textiles.
They can be manufactured from fungi by fermentation
which will evade inherent environmental disposal
problems.
Jute and Cotton which are considered difficult to be dyed
can be stained with fungal dyes although a strong affinity to
fibers of animal origin was observed and mordents help in
improving the fastness. The fungal dyes with different
metallic mordant like copper, iron and tin developed color
variation from yellow, grey, brown, blue, green and black
shades. Pre/post mordenting, concentration of mordents,
time, temperature and process had influence on dyeing.
Therefore fungal metabolites having metal chelating
properties (siderophore activity) or strains secreting
compounds like poly-phenols which react with ferrous and
other metal ions commonly used in textile dyeing could be
used as non metallic mordents in the line of iron-tannate
combination for successful textile dyeing application.

Figure 1: Representative pictures of jute textile dyeing application of fungal dyes and siderophores.
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ABSTRACT
Objective: Doxorubicin (DOX) is a chemotherapeutic agent commonly used to treat a variety of cancers despite having well documented adverse side
effects in organs like heart, liver, and kidney. The damage caused to brain, if any, and to what extent is, however, still not clear and the present study
was undertaken to estimate the possible role of DOX inducing cognitive impairment in Wistar rats.
Methods: The study carried out in two groups of Wistar rats (n=6) with one group receiving DOX, and the other only normal saline used as control.
During and after the experimentation period cognitive level of each rat was measured using Barnes maze (BM) till 8 weeks. At the end of the
observation period (after 8th week), a series of biochemical and histopathological studies were carried out after sacrificing the animals.
Results: Errors to reach target and time taken to reach the target was found in BM experiment, elevated levels of antioxidants and hemoglobin was
found reduced significantly in the DOX treated group when compared to the controls while histopathology of brain cells of DOX treated group also
showed reduction in hippocampal cellularity and cell death in hippocampal area suggesting evidence of oxidative damage caused by DOX treatment.
Conclusion: Parameters in this study which not only conclusively show the damage caused to brain by DOX, but also estimates the changes caused to
each indicator by this drug.
Keywords: Chemotherapy, Brain, Hippocampus, Oxidative stress.
INTRODUCTION
Chemotherapy-induced cognitive impairment is a serious challenge
faced by cancer survivors. During and shortly after chemotherapy
for cancer, many patients report attention deficits, memory loss, and
confused thought processes [1]. It has been long known that cognitive
impairment affect the quality of life and provoke feelings of depression
in patients [2,3]. The fractions of patients suffering from chemotherapyinduced cognitive deficits vary widely with estimates ranging from 1775%, based on study design and other factors [4,5]. These cognitive
problems, collectively called somnolence or cognitive dysfunction, are
also reported in cancer patients undergoing doxorubicin (DOX) - based
chemotherapy, particularly for the treatment of breast cancer [6-8].
DOX is an anthracycline class of drug and is used as a powerful
agent against a variety of cancers including breast and esophageal
carcinomas; osteosarcoma, Kaposi’s sarcoma, and soft tissue
sarcomas [9]. Use of DOX is limited by a number of very well established
side effects that include cardiotoxicity, hepatotoxicity, nephrotoxicity,
etc. [10]. However, DOX-induced toxicity on brain tissue is much less
understood [11]. Tangpong et al. 2006 showed that, DOX does not cross
the BBB. However, it is hypothesized that DOX-induced circulating
tumor necrosis factor (TNF) lead to mitochondrial dysfunction in the
brain which might be responsible for the cognitive disorder.
The present study was carried out to understand the extent of damage,
if any, caused to the brain by DOX treatment in Wistar rats.
METHODS

Animals
The study was carried out after obtaining approval from Institutional
Animal Ethical Committee of RMRC (CPCSEA No. 1388/c/10/
CPCSEA). Albino rats (Wistar strain) weighing between 150 and 250 g,

procured from M/s Venkateshwara Enterprises, Bengaluru, were used
in the experiment. Prior to initiation of the experiments, rats were
acclimatized for 1 week in laboratory conditions. Drinking water and
standard rat feed was provided during this time.
Materials
Commercial DOX injection (DOXUTEC 10; United Biotech (P) Ltd. India)
was used in the study.

Barnes assay
Barnes maze (BM), a sensitive standard tool for testing hippocampusdependent spatial memory in rats [12,13] was used in the study for
estimation of cognition levels of rats.

Experimentation
After acclimatization, rats were divided into two groups, each
consisting of six rats. Group I served as control, where only saline
solution was administered by intraperitoneal route (5 ml/kg body
weight) while Group II was DOX treated group where DOX was injected
intraperitonially after dissolving in saline (4 mg/kg body weight)
weekly once for 4 weeks. Rats were observed for 3 weeks for their
behavior and mortality.
Learning and memory test in rats were performed by using BM.

On day 1, rats were familiarized on BM to make them comfortable.
Day 2-8 was a training period for rats on the BM. Experiment was started
after acclimatization period of 8 days. Experimental observation was
recorded daily before dosing period, during dosage period, and after
dosing period.
Rat blood samples were collected from eye orbit under halothane
anesthesia on day 1 before treatment and 7th week after treatment with
DOX.
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After the dosing period and observation period of 3 weeks for
control and DOX groups respectively, rats were humanely sacrificed
under halothane anesthesia and their brain dissected out to perform
antioxidant study and estimate histopathological changes, if any.
Brain tissue was cleaned in ice-cold saline and weighed immediately.
Brain tissue from each group was taken and 30 homogenate was
prepared in saline solution buffered with KCl (pH 7.4). Each sample was
subjected to estimation of glutathione (GSH) [14], lipid peroxidation in
terms of thiobarbituric acid reactive species, using malondialdehyde
as standard by the method of Buege and Aust., superoxide dismutase
(SOD) [15] and catalase (CAT) [16]. Brain samples of at least two
animals from each group were fixed in 10% formalin solution for
histopathological study.
Statistics
Statistical data was expressed as mean ± standard deviation or mean
± standard error mean (n=6). Statistical comparisons were performed
using Student’s t-test by using GraphPad Software, instat3. p<0.05 was
considered statistically significant.
RESULTS

Behavior study
After exposing the Group II (DOX treated) rats to the BM task, they
showed initial freezing behavior followed by grooming and this
behavior extended for more than 5 minutes every time during the task.
Errors to reach target and time taken to reach the target
Before drug administration, the rats were trained and the errors were
noted.

During the dosing period
During dosage period, time taken to reach the hole and number of errors
in attempts to reach the target hole in BM in the DOX treated group were
counted and compared with that of control. Number of errors to reach
the target and time taken to reach the target was increased in DOX group
in comparison to rats treated with normal saline (Tables 1 and 2).
After dose administration: After dosing period rats were kept under
observation for 3 weeks.

Antioxidant activity
Brain tissue analysis indicated that there was an increase in free radical
generation and antioxidant defense was impaired in DOX induced
group. Antioxidant assay for GSH, lipid peroxidation, SOD, and CAT from
brain tissue is shown in Table 3. There was a significant decrease in
brain GSH, CAT, and SOD levels in DOX induced group. However, lipid
peroxidation level increased in DOX induced group.
Hemoglobin level
A significant reduction in hemoglobin level was noted in rats of the DOX
treated group when compared with the control group (Graph 1).

Histopathology
In sharp deviation to normal histopathology of brain as seen in
the control animals, the samples from the DOX treated group
showed neuronal eosinophilia, neuronal nuclear pyknosis, neuronal
karyorrhexis, astrocytic changes, macrophage influx, hippocampal
cellularity, and hippocampal cell death (Table 4).
DISCUSSION

Previous reports of preclinical studies have shown that several
commonly used chemotherapeutic agents can induce central oxidative
stress in healthy rodents [17,18]. The results of our study corroborate
this fact with the specific use of DOX as the drug. BM experiments
revealed that the number of errors and time taken to reach the target
hole is significantly more in DOX treated group, indicating detrimental
effect on spatial reference learning, and memory with depressed
irritating behavior in DOX treated rats when compared to normal.
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Table 1: Number of errors to reach the target hole

Experimental Days
Before dosing
Day 1
Day 2
Day 3
Day 4
During dosage period
Day 5
Day 6
Day 7
Day 8
After dosing
Day 9
Day 10
Day 11
Day 12

Control

DOX

14.500±3.271
13.000±2.280
9.500±1.049
2.333±2.066

16.667±6.022
13.333±3.933
7.333±3.077
1.667±1.366

2.333±1.211
1.000±0.8944
1.000±0.8944
1.333±0.5164

5.333±1.506ans
5.667±1.633a***
5.667±0.8165a***
7.000±1.673a***

2.667±1.366
2.167±0.7528
2.333±0.5164
2.500±1.378

1.667±1.033
2.333±1.633ns
3.000±1.414ans
4.500±1.378ans

Values are expressed in mean±SD for n=6, Significant difference as compared
to DOX followed by Student’s t‑test, control compared with DOX *p<0.05,
**p<0.01, ***p<0.001 considered significant. DOX: Doxorubicin, SD: Standard
deviation, ns: Non‑significant, a: Control

Table 2: Time taken to reach the hole

Experimental Days

Before drug administration
Day 1
Day 2
Day 3
Day 4
During dosage period
Day 5
Day 6
Day 7
Day 8
After dosing
Day 9
Day 10
Day 11
Day 12

Time taken to reach hole in
seconds (S)
Control

DOX

144.17±35.606
96.667±7.312
68.500±11.675
50.333±9.374

207.33±23.321a**
184.67±16.884a***
98.000±7.642
87.167±6.969

25.500±6.285
21.667±7.711
20.333±6.947
19.500±6.091

126.67±8.287
151.00±14.913a***
170.00±7.563a***
190.83±9.847a***

35.500±10.114
32.667±7.474
31.167±8.495
26.667±7.367

92.000±4.427a***
99.000±6.782
108.50±7.503***
109.33±7.891***

Values are expressed in mean±SD for n=6. Significant difference as compared
to DOX followed by Student’s t‑test, control compared with DOX. *p<0.05,
**p<0.01, ***p<0.001 considered significant. DOX: Doxorubicin, SD: Standard
deviation. a: Control

Behavioral models became particularly useful for the neurobiological
mechanisms of behavioral perseverations and stereotypes. According to
Seeger et al. 2004 [19], impairment in set-shifting in the Barnes circular
maze task, significantly more attempts and longer time in returning to
the starting hole, by the test animal, implicates increased perseverative
behavior, which is also referred to in the literature as behavioral
inflexibility. Recent findings suggested that this characteristic reduction
in behavioral flexibility may be associated with abnormal function of
the prefrontal cortex and basal ganglia [19,20], and possibly in the
hippocampus [19]. In the present study, we found that there is excessive
grooming, freezing, vocalization, and perseverative behavior while
performing BM task within the DOX treated group of rats. It has been
earlier stated that, freezing behavior is characterized by changes in
blood pressure and lengths of time in crouching position, but it also is
known to cause changes such as shortness of breath, increased heart
rate, sweating, or choking sensation [21].
It has been postulated that DOX does not cross the blood brain
barrier [22,23], however, it is understood that the circulating levels
of TNF can pass through blood brain barrier and induce neuronal
damage [24,25]. The cytotoxicity of TNF depends on induction of
mitochondrial permeability transition pore [26]. Thus, it is possible
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Table 3:Antioxidant activity of brain tissue
Experimental
groups

Glutathione
(nmol/g of wet tissue)

Lipid peroxidase
(nmol/g of wet tissue)

SOD
(units/mg of protein)†

CAT
(units/mg of protein)††

Control
DOX

12.815±1.563
9.602±0.6490a***

17.530±0.7243
22.117±0.8119a***

33.530±0.5794
24.957±6.504a*

81.798±0.3240
77.703±2.161a**

Values are expressed in mean±SD for n=6, significant difference as compared to DOX followed by Student’s t‑test, control compared with DOX. *p<0.05, **p<0.01,
***p<0.001 considered significant. †One unit of activity was taken as the enzyme reaction, which gave 50% inhibition of NTB reduction in 1 minutes, ††One unit of H2O2
consumed/minute. DOX: Doxorubicin, SD: Standard deviation. SOD: Superoxide dismutase, CAT: Catalase, a: Control

Table 4: Histopathological changes in brain
Microscopy

Control

DOX

Cerebral edema
Cerebral congestion
Meningeal congestion
Neuronal microvacuolization
Neuronal eosinophilia
Neuronal nuclear pyknosis
Neuronal karyorrhexis
Astrocytic changes
Neutrophilic infiltration
RBC extravasations
Macrophage influx
Vascular proliferation
Reactive gliosis
Demyelination
Hippocampal cellularity
Hippocampal cell death

‑
+
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
Normal
‑

++
++
+
‑
+
+
+
+
‑
‑
+
‑
‑
‑
Reduced
+

‑: Nil, +: Mild, ++: Moderate, RBC: Red blood cell, DOX: Doxorubicin
16

Haemoglobin %

14

% gm

12
10
8
6
4
2
0

BT AT

DOX treatment

% Hemoglobin

BT
AT

14.2±0.76
12.1±1.34*

Values are expressed in mean±SD for n=6, significant difference as
compared to DOX followed by Student’s t‑test, control compared with DOX.
*p<0.05 considered significant. BT: Before treatment, AT: After treatment,
DOX: Doxorubicin, SD: Standard deviation

Graph 1: Percentage of hemoglobin change in before and after
treatment of doxorubicin

that the increase in TNF levels may be related to DOX induced oxidative
stress and morphological injury. Free radicals play an important role in
the genesis of structural and functional changes of neuronal membrane
that could be responsible for the beginning or aggravation of the basic
disease [27-29]. Decrease in levels of GSH can cause oxidative stress
that lead to an increase in lipid peroxidation [30]. This increased lipid
peroxidation level in brain results in the process of cell damage [31].
GSH acts as protective agent against cellular free radical-mediated
oxidative damage by functioning as an oxyradical scavenger, thereby
reducing lipid peroxidation [32-35].
Joshi et al. in 2005 reported a significant increase in levels of protein
oxidation and lipid peroxidation in brain tissues after 72 hrs of a single

i.p. injection of DOX [36]. In the present study, it was observed that
there was a significant increase in lipid peroxidation and decrease
in GSH, SOD, and CAT enzymes which are most likely responsible for
further damage of brain tissue.
Relationship with hemoglobin and cognition is not clear. However, in the
present study, DOX treatment has been found to decrease hemoglobin
levels in rats. Vearncombe reported that reduced hemoglobin levels,
together with increased anxiety, predict a decline on measures of
cognitive function [37].

In the present study, pathophysiological investigations revealed
that DOX treated rats showed a decrease in hippocampal cellularity
and increase in hippocampal cell death. According to Seigers et al.
2008 [38], hippocampal cell death is directly proportional to the
cognitive impairment in rats. Furthermore, in the present study we also
observed cerebral edema, meningeal congestion, neuronal eosinophilia,
neuronal nuclear pyknosis, astrocytic changes, and macrophage influx
in DOX treated rats that were not observed in the control group, which
may indicate impact on memory of rats.
CONCLUSION

The present study estimates changes to possible indicators of
neurotoxicity in animals treated with DOX in comparison to normal
control. To the best of our knowledge, this is the first study using
maximum number of parameters which not only conclusively show
the damage caused to brain by DOX but also estimates the changes
caused to each indicator by this drug. The finding that DOX generated
imbalance in oxidative stress and antioxidant enzymes in brain may
have damaged the normal cellular structure in brain hippocampal area
that is responsible for cognition impairment should help investigators
in their quest for suitable antidote/protective agent for brain damage
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The present study aimed to evaluate the anti-asthmatic activity of the hydro-alcoholic extract of Citrullus
colocynths and Cucumis trigonus (Cucurbitaceae) fruits on Ovalbumin induced Asthma in rats. Extracts were
prepared with 70% v/v ethanol using cold maceration followed by Soxhlation. Hydro alcoholic extract (200 and
400 mg/kg) of both fruits were evaluated for anti asthmatic activity on ovalbumin induced Asthma in rats with
the help of parameters like, absolute eosinophil count in BALF, total leukocyte count in the BALF, absolute
eosinophil count in the Blood, IgE antibodies in serum and histopathological findings of lungs. Both plants were
showed significant anti asthmatic activity (p < 0.001) with dose of 200 & 400 mg/kg when compared with
disease group. Obtained results were almost similar to that of normal group. With the same dose, C. colocynths
was shown better anti asthmatic activity than C. trigonus. Hence, further detailed studies are required to evaluate
the efficacy of these plants on anti-asthmatic activity.

Key words:
ovalbumin, Total leukocyte
count, Absolute eosinophil
count.

INTRODUCTION
Asthma comes from a Greek word meaning 'panting' or
'breathless'. It is a chronic disorder of the airways that involves a
complex interaction of airflow obstruction, bronchial hyper
responsiveness. It is characterized by variable, recurring
symptoms (wheezing, breathlessness, chest tightness, cough,
sputum production) and an underlying inflammation (Busse et
al., 2001). Asthma is a chronic lung disorder that occurs
commonly in both children and adults in economically developed
as well as developing countries. It is increasing in prevalence and
severity especially in allergic patients. Asthma prevalence, an
estimated 25.9 million people in U.S, including almost 7.1
million children, have asthma (NHIS, 2011). Although the
prevalence of asthma in India is somewhat similar to that seen in
other Asian countries, the asthma incidences have increased
significantly over the years in the country. As per National
family health survey of India, 2468 persons per 100,000
population are reported to be suffering from asthma, which is
considerably higher in rural areas (2649 per 100,000 population)
* Corresponding Author
E-Mail: drhullatti@klepharm.edu
Phone: +919448800184

than in urban areas (1966 per 100,000 population) (Atmakuri and
Dathi, 2010). The Currently available drugs for the treatment of
asthma include quick relief agents (short acting inhaled β2
agonists, anticholinergics and short term systemic corticosteroids)
and long term control agents (inhaled and systemic corticosteroids,
long-acting β2 agonists, methylxanthenes, mast cell stabilizers and
leukotrienes modifiers).
All the contemporary medicine use for the management
of Asthma proves to be beneficial in acute condition and act as
lifesaving remedies.
But, long term use of all these medicine can cause serious
toxic side effects mainly that cause by using corticosteroid and
anti-IgE antibody like omalizumab (Tripathi, 2013) (like muscle
tremors, restlessness, hypotension, hyperglycemia, tachycardia,
flushing, delirium, convulsions, mood changes, osteoporosis,
growth retardation, adrenal crisis).
Now day’s herbal medicines are the major components in
Ayurvedic, homeopathic, naturopathic and other medicine systems.
The medicinal value of these plants lies in some chemical
substances that produce a definite physiological action on human
system. The graceful advantages of herbal medicines like ecofriendly nature, less cost, great strength, less toxic and ready
availability (Atmakuri and Dathi, 2010). Citrullus colocynthis
.
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and Cucumis trigonus L. (Cucurbitaceae) fruits are commonly
known as indravaruni, used in the treatment of asthma, bronchitis,
urinary discharges, jaundice, enlarged spleen, tuberculosis glands
of the neck, dyspepsia, constipation, anemia, throat diseases,
elephantiasis, and joint pains (Borhade et al., 2013) (Arunachalam
et al., 2012).
MATERIALS AND METHODS
Plant material
Citrullus
colocynthis
and
Cucumis
trigonus
(Cucurbitaceae) is collected from the sandy soil in the village
Papa Raju palli, Y.S.R Kadapa district, A.P. Authentication of the
plant was done by Dr. Harsha Hegde, Scientist C (RMRC,
Belgaum), and a voucher specimens (RMRC-978 and 979) were
deposited at RMRC (ICMR), Belgaum. The collected fruits were
washed under running tap water and dried under shade, coarsely
powdered and stored in neatly labeled airtight container.
Extraction
Dried powdered material was first subjected to cold
maceration to extract thermo labile constituents if any with 70%
v/v ethanol for 24 h, extract was filtered, and the marc was
subjected for soxhlation. Filtrates of both maceration and
soxhlation were combined and concentrated by using a rotary
evaporator (IKA RV 10) at 40°C under reduced pressure.
Phytochemical Screening
Preliminary phytochemical tests were performed on
hydro-alcoholic extract of C. colocynthis and C. trigonus for the
presence of various phytoconstituents as per standard method
(Trease & Evans, 2005).
Experimental Animals
Male Wistar rats (150-200 g) and housed in standard
conditions of temperature (22 ± 2°C), relative humidity (55 ± 5%)
and light (12 hr light/dark cycles) were used. They were fed with
standard pellet diet and water ad libitum. Institutional Animal
Ethical Committee (IAEC) as per the guidance of CPCSEA
approved the experimental protocol with Resolution No.
KLECOP/IAEC/Res.17-31/08/2013.
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administered through the aerosol form at 1% concentration in PBS
solution for the 14th day to 35th day. Then the booster dose is given
from the 36th day to 42nd day at 2% concentration of the
Ovalbumin aerosol solution (Jin et al., 2013) (figure 1). In this
method male Wistar albino, rats weighing between 150-200 gm
were divided in to six groups of 6 rats in each. Group 1 serving as
normal received PBS (1 ml p.o). Group 2 served as disease group
received I.P administration of OVA+ OVA Aerosol. Groups 3 and
4 received (200 mg/kg, p.o) of C. colocynthis (CCE 1) and C.
trigonus extract (CTE 1) + I.P administration of OVA+ OVA
Aerosol. Groups 5 and 6 received (400 mg/kg, p.o) of C.
colocynthis (CCE 2) and C. trigonus extract (CTE 2) + I.P
administration of OVA+ OVA Aerosol.
Analysis of Broncho alveolar lavage fluid (BALF) and serum
On the 43rd day, animals were anaesthetized with ether
and blood collection was done by retro orbital puncture using
heparin capillary tubes collected blood. Blood samples were
centrifuged (15 minutes, 4°C, 2000 × g), and plasma was stored at
– 70°C until use. Trachea were exposed and cannulated with
polyethylene cannula for BALF that was performed by instillation
of 0.5 mL of phosphate-buffered saline (PBS). The thorax was
gently massaged then the BALF was withdrawn and washed with
normal saline. The BALF was treated with ACK buffer, which
kills RBC and WBC cells, was collected by centrifugation (10
minutes, 4°C, 5000 × g). They were stored in 20% foetal bovine
serum in RPMI solution. WBC cells were counted by using WBC
diluting fluid. Total leukocyte count and differential leukocyte
count in BALF were counted using a hemocytometer and absolute
eosinophil count was done by using indirect method (Pal &
Pravati, 2011).
Measurement of IgE in serum
Enzyme immunoassays kits (ICL, immunology
consultant’s laboratory, Inc. USA.) according to the
manufacturer’s protocol determined levels of IgE in sera.

Acute oral toxicity
The acute oral toxicity of hydro-alcoholic extract of C.
colocynthis and C. trigonus fruits were determined as per OECD
guideline no. 425 (OECD, 2001). Based on cut off value of median
lethal dose (LD50), the therapeutically effective dose was derived.

Lung tissue histopathology
Lungs were harvested after performing BALF, the right
lung was fixed with 10% buffered formalin, cut into sections,
stained with hematoxylin and eosin and Inflammatory parameters
in lung tissue (peribroncheal, perivascular and parenchymal
infiltration of inflammatory cells) were examined under
microscope to evaluate the severity of inflammation. Inflammatory
infiltrates were further characterized according to cell type on a
morphologic basis.

Ovalbumin induced asthma in rats
Asthma is induced in rats by intra peritoneal (i.p)
administration of alum precipitated Ova and Ovalbumin aerosol
exposure in histamine chamber. First animals were sensitized with
the alum precipitated Ovalbumin allergen through the i.p route of
administration. To sensitized animals, the Ovalbumin allergen was

Statistical Analysis
Results were expressed as Mean ± S.D., where n= 6.
Differences among data were determined using one-way ANOVA
followed by Tukey’s multiple comparison test (Graph Pad Prism
software, version 5.01). p<0.05 was considered statistically
significant.
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Fig. 1: Ovalbumin treatment for induction of asthma.
AEC COUNT IN BALF

Fig. 4: Effect of hydro alcoholic extract of Citrullus colocynthis and Cucumis
trigonus fruit on IgE antibody concentration in blood serum in control and
experimental rats. a-when compared with Control; b-when compared with
Asthma group., P<0.001 ; P<0.05; ns-no significance.

RESULTS
Preliminary phytochemical screening of extract of C.
colocynthis and C.trigonus showed the presence of flavonoids,
phenols, steroids, tannins, Diterpenes, and glycosides. There is a
significant increase in eosinophil, total leucocytes count in BALF
and serum IgE, eosinophil count in asthma induced group with
respect to the normal group. The elevated levels are decreased to
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normal level in Asthma ± CCE1, Asthma ± CCE2, Asthma ±
CTE1, and Asthma ± CTE2 groups, which indicate the activity of
the test sample was good towards the asthma. C. colocynthis and
C. trigonus (200 and 400 mg/kg) significantly reduced the total
leucocytes, absolute eosinophils (p < 0.001) in BALF and serum
IgE, absolute eosinophils (p < 0.001) compared with the disease
group. Among all CCE2 was shown best results, which was all
most comparable with normal group.
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Fig. 6 : Effect of C. colocynthis and C.trigonus fruit extracts on rat lung tissue.
Figure A –normal group, Figure B- disease group, Figure C- CCE 1, Figure D – CTE 1, Figure E- CCE 2, and Figure F- CTE 2

Histopathology
Histological analysis of the lungs from normal group i.e.
group I showed normal lung histology (Figure A). Histological
sections of lung tissue from group II (disease group) exhibited
airway inflammation, infiltration of eosinophils, lymphocytes, and
sub mucosal edema of the lungs, bronchoconstriction shown as
lumen plugging by mucus and cells (Figure B). Treatment with C.
colocynthis and C. trigonus extracts i.e. group III, IV, V and VI
prevented the tissue edema, epithelial cell hypertrophy, infiltration
of inflammatory cell and airway lumen plugging thereby
decreasing inflammation and bronchoconstriction, which leads to
normal bronchiole size (Figure C, D, E& F). Among all group V
(CCE 2) Shown best results, which was all most comparable with
that of normal group.
DISCUSSION
Bronchial asthma commonly characterized by increased
airway reactivity to different spasmogens. An initial attack of
asthma is triggered by the release of inflammatory mediators like
histamine, acetylcholine, leukotrienes, prostaglandins, or specific
exposure of allergens, which reflect the signals of acute
bronchoconstriction (Nelson, 2003) (Bousquet et al., 2000). The
cross-linkage of IgE molecules by allergen causes mast cells to
degranulate, releasing histamine, leukotrienes, and other mediators
that continue the airway inflammation. The elevated number of the
inflammatory cells like eosinophils, lymphocytes in blood serum
and biopsies of lung tissue, bronchial alveolar lavage fluid reflects
the signs of asthma. These lymphocytes-induced airway
inflammatory cells infiltration, eosinophils activation, IgE
production, and mucus secretion, which resulted as bronchial
hyperactivity (Barnes, 1998). On the contrary, serum IgE binds to
allergens and triggers the release of substances from mast cells that

can cause inflammation (Srinivas et al., 2003). In the present
study, C. colocynthis and C. trigonus extracts (200 & 400 mg/kg)
treated ovalbumin-sensitized rats significantly decreased the levels
eosinophils and total leucocytes in the BALF and IgE levels and
eosinophils concentration in serum when compared with disease
group. These results shown that the protective effect of C.
colocynthis and C. trigonus extracts by preventing the infiltration
of inflammatory cells, by decreasing the release of preformed
inflammatory mediators, which can prevent the direct damage to
airway and its hyper responsiveness. Phytochemical screening of
C. colocynthis and C. trigonus showed the presence flavonoids,
phenols, steroids, tannins, Diterpenes, and glycosides. Several
flavonoids are known to possess various biological activities,
including smooth muscle relaxant, bronchodilator, antibacterial,
spasmolytic, and anti-inflammatory effects (Matsuda et al., 2003).
Steroids, and terpenoids were responsible for broncho spasmolytic
action by relaxing tracheobronchial tree of lungs (Hazekamp et al.,
2001).The antiasthmatic activity of C. colocynthis and C. trigonus
extracts may be due to presence of the above constituents (Taur &
Patil , 2011). Some of the physicians are using these two botanical
sources as Ayurvedic drug ‘indravaruni’ and claimed that these
two plants have similar therapeutic properties. The present
experimental study is the evidence that, these two sources exhibit
varying activity. Hence, based on this study results, the biological
source of ‘indravaruni’ may be the fruits of Citrullus colocynthis.
CONCLUSION
The results obtained in the present study proved that C.
colocynthis and C.trigonus (200 & 400 mg/kg) possess significant
antiasthmatic activity. C. colocynthis was shown better anti
asthmatic activity than C.trigonus. C. colocynthis may be used as
‘indravaruni’ due to its more bronchodilation, and anti-
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inflammatory property, suggestive of its potential in treatment and
prophylaxis of asthma. Further detailed study needs to be
proceeded to evaluate the principle compounds responsible for the
antiasthmatic activity.
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MANAGEMENT OF ACUTE MOUNTAIN SICKNESS: AN
EXPLORATORY REVIEW ON HERBAL D
RUGS
Kuldeep Sharma, Kamal Jeet, Ashish Baldi*
I.S.F. College of Pharmacy, Moga-142001, Punjab
ABSTRACT
Acute Mountain sickness is a high altitude disorder due to limited oxygen delivery
upon too rapid ascent or inability of acclimatization. This disease can be managed if
recognized early or proper medications are taken but severe advances leads to fatal
conditions like high altitude pulmonary/cerebral edema. The best possible approaches to
treat these diseases are early identification, rapid descent and oxygen supplementation.
Synthetic drugs like acetazolamide, dexamethasone, nifedipine etc. are also used for
prophylactic purposes but suffer from several side effects and limitations. Herbal drugs
offer suitable and safe alternative for effective treatment of acute mountain sickness. This
review explores the possibility of using natural drugs of holistic management of acute
mountain sickness and related high altitude disorders.
*Corresponding author
edema (HACE). Acute Mountain Sickness

INTRODUCTION
Atleast

38

million

people

live

permanently at altitudes ≥2400 m, and about
100 million people travel to high-altitude
locations each year for recreation and
adventure purpose. Several army soldiers
also have to remain on duty at these higher
altitudes for long durations. Gradual ascent
to high- altitude areas generally leads to
acclimatization.
respiratory,

These

events

haematological

include
adaptation

resulting in enhanced oxygen uptake and
delivery

to

the

tissues.

Inability

to

(AMS) is used to describe the brain and lung
problems that can develop in unacclimatized
persons shortly after ascent to high altitude.
It is a public health problem and has severe
and

potentially

consequences,

fatal

especially

physiological
HAPE

and

cerebral edema, though uncommon, are
potentially fatal. This also provides a useful
model for studying the pathophysiological
process of low oxygen in an otherwise
healthy population.
Several

synthetic

drugs

viz.

acclimatize leads to high-altitude pulmonary

acetazolmide, dexamethasone, nifedipine,

edema (HAPE) and high- altitude cerebral

nitric oxide, salbutamol, sildenafil etc have
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been

used

extensively

for

therapeutic

management of high altitude disorders.

of altitudes and associated physiological
effects are given in Table 1.

However associate adverse effects and
complicated

interlinked

pharmacological

responses during such conditions lead
towards finding alternative means to treat
these diseases. Several herbal drugs are used
by people and saints living in high altitude
areas

for

better

management

of

acclimatization
normal

and

physiological

functioning in

hypoxic conditions. At

present,

has

there

encompassing

the

been

no

problems

review

of

acute

mountain sickness, its reasons and ways to
overcome it through herbal approaches. This
review focuses on the herbal aspects, which
could serve as a boon in disguise for the
public and soldiers who face regular hazards
at steep terrain, extremes of heat and cold,
intense ultraviolet radiation, lack of water,
flash floods, lightning, and difficult supply
and evacuation leading to high altitude
disorders and related conditions1. Up to our
knowledge, this article may open avenues
towards holistic management of these

As

one

through

the

atmosphere, barometric pressure decreases
and thus every breath contains fewer and
fewer molecules of oxygen. Under such
circumstances breathing faster and deeper
required to fulfil oxygen requirement. This
is particularly observed with exertion in
daily life. Being out of breath with exertion
is normal, as long as the sensation of
shortness of breath resolves rapidly with
rest. It is therefore important to avoid
anything that will decrease breathing e.g.
alcohol and certain drugs. Despite the
increased breathing, attaining normal blood
levels of oxygen is not possible at high
altitude.

Persistent

increased

breathing

results in reduction of carbon dioxide in the
blood, a metabolic waste product that is
removed by the lungs. The build-up of
carbon dioxide in the blood is the key signal
to the brain that it is time to breathe. But the
exact mechanisms of AMS is yet not
completely

disorders in holistic manner.

ascends

understood,

however

the

symptoms are thought to be due to mild
Causes of Altitude Sickness
Studies

have suggested

swelling of brain tissue in response to the
that

at

elevations below about 2500 m (8000 ft)
altitude illness rarely occurs. Categorization

hypoxic stress. If this swelling progresses
far enough, significant brain dysfunction
occurs1,2.
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Table - 1
Categorization of altitudes and its physiological effects [47-50].
Attitude
High
altitude

Meters
15003500

Feet
500011,500

Very high
altitude

35005500

11,50018000

Extreme
altitude

Above
5500

Above
18000

Physiological Effects
The onset of physiologic effects on PIO2 includes decreased exercise
performance and increased ventilation decreased PaCO2. Minor
impairment exists in arterial oxygen transport (arterial SaO2 at least
90%, but arterial PO2 is significantly diminished).
Maximum SaO2 falls below 90% as the arterial PO2 falls below 60
mm Hg. Extreme hypoxemia may occur during exercise, during
sleep and in the presence of high-altitude pulmonary edema or other
acute lung conditions.
Marked hypoxemia, hypocapnia and alkalosis are characteristic of
extreme altitudes. Progressive impairment of physiologic function
eventually outstrips acclimatization. As a result, no human
habitation occurs above 5500 m.

PIO2= Partial pressure of inspired O2; PaCO2= partial pressure of carbon dioxide in the blood; SaO2= saturation level
of oxygen in haemoglobin; PO2= Partial pressure of O2

However, it should take as a warning sign of
Progression of Altitude Sickness

risk of the serious forms of altitude sickness:
HAPE and HACE.

Acute Mountain Sickness (AMS)
AMS is a syndrome of nonspecific

High Altitude Pulmonary Edema (HAPE)

symptoms and is therefore subjective. AMS
occurs at altitudes as low as 2000 m2. It is a
neurologic

syndrome

characterized

by

nonspecific symptoms (headache, nausea,
fatigue, loss of appetite, weakness, light

HAPE is excess fluid on the lungs,
and causes breathlessness. This should be
taken as a sign of HAPE. HAPE can also
cause a fever (a high temperature) and
coughing up frothy spit.

headedness, difficulty in sleeping and
HAPE and HACE often

dizziness) developing 6–12 h after ascent to

occur

a high altitude, but sometimes as early as 1

together. Alveolar hypoxia and resulting

hour. There are no diagnostic physical

tissue

findings except in the few cases that

pathophysiological sequence of high HAPE.

progress to cerebral edema. Mild altitude

Very rapid ascent to high altitude without

sickness is quite similar to a hangover - it

prior acclimatization results in HAPE, even

causes headache, nausea,

in subjects with excellent tolerance to high

and

fatigue.

hypoxia

initiates

the

altitude. Upon acute altitude exposure,

Indian J. Nat. Prod., 2015, 29(1) 8

HAPE-susceptible individuals react with
increased

secretion

of

High Altitude Cerebral Edema (HACE)

norepinephrine,

epinephrine, renin, angiotensin, aldosterone
and atrial natriuretic peptide. In response to
exercise at high altitude, subjects developing
AMS and HAPE secrete more aldosterone
and antidiuretic hormone than subjects who

HACE causes confusion, clumsiness,
and stumbling. The first signs may be
uncharacteristic behaviour such as laziness,
excessive emotion or violence. Drowsiness
and loss of consciousness occur shortly
before death. Both HAPE and HACE

remain well. This results in sodium and

though uncommon, are potentially fatal4.

water retention, reduction of urine output,

HACE (but not AMS) is an encephalopathy

increase in body weight and development of
peripheral edema. The hypoxic pulmonary
vascular response is enhanced in HAPEsusceptible subjects, thus favouring the
development

of

severe

pulmonary

hypertension on exposure to high altitude. It

whose hallmarks are ataxia and altered
consciousness

with

diffuse

cerebral

involvement but generally without focal
neurologic deficits. Progression to these
signal

manifestations

can

be

rapid.

Papilledema and, more commonly, retinal

has been postulated that uneven pulmonary

hemorrhages may also be seen. Retinal

vasoconstriction enhances filtration pressure

haemorrhage occurs frequently at ≥5000 m,

in non-vasoconstricted lung areas, leading to
interstitial and alveolar edema. The high
protein content of the edema fluid in HAPE
characterizes this edema as a permeability
edema. The prophylactic administration of
nifedipine
pulmonary

prevents

the

hypertension

exaggerated
of

HAPE-

even

in

individuals

without

clinical

symptoms of AMS or HACE. It is unclear
whether retinal haemorrhage and cerebral
haemorrhage at high altitude are caused by
the

same

mechanism;

however,

a

correlation between HACE and retinopathy
was established.

susceptible subjects upon rapid ascent to
4559 m and thus prevents HAPE in most

Pathophysiology

cases. This finding illustrates the crucial role

The pathophysiology of AMS and

of hypoxic pulmonary hypertension in the

HACE includes many common features,

development of HAPE. The causal treatment

some well-understood

of HAPE is descent, evacuation and

remain obscure despite intense scientific

and

others that

3

administration of oxygen .

scrutiny. It is proposed that the high-altitude
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syndromes are secondary to the body's

assumptions and experimental conditions7.

responses to hypobaric hypoxia, not due

For example, recent completed studies using

5

simply to hypoxemia . This conclusion was

normobaric hypoxia and brain imaging

based on two observations: (1) There is a

techniques

delay between the onset of hypoxia and the

establishing a comparability of results from

onset of symptoms after ascent (from hours

brain imaging in normobaric hypoxia to

to days), and (2) Not all symptoms are

those obtained in hypobaric hypoxia8.

immediately reversed with oxygen. On the

Current Approaches Used in Mitigation

other hand, scientists have long assumed

of High Altitude Disorders

that AMS and HACE are due solely to
hypoxia, based largely on two reports: the
pioneering experiments of Paul Bert and the
Glass House experiment of Bancroft6. When
these

assumptions

laboratory

setting

were
to

tested

study

in

a

symptom

responses to hypobaric hypoxia (simulated
high altitude), hypoxia alone, and hypobaric
normoxia, AMS occurred soonest and with
greater severity with simulated altitude,
compared with either normobaric hypoxia or
normoxic hypobaria.
However, AMS also occurred in
normobaric hypoxia, it just took longer and
was less severe. For the overall incidence
and severity of AMS, given sufficient time

have

carefully managed. One of the worst things
any climber may do is to ascend too rapidly
without

allowing their

to

examine

rigorously

to

follows three axioms: further ascent should
be avoided until the symptoms have
resolved, patients with no response to
medical treatment should descend to a lower
altitude and at the first sign of high-altitude
cerebral edema patients should descend to a
lower altitude. Various approaches are used
for mitigation of acute mountain sickness
are discussed below.

Approaches

important

body time

acclimatise. Management of AMS or HACE

hypobaric studies are likely to be largely

remained largely unsolved for decades, it is

first

cure in AMS and risk factors must be

Synthetic

pathophysiology of AMS, a quest that has

without

Prevention is always better than

for AMS to develop, normobaric and

comparable. But for answers about the

been

Drug

Based

Treatment

Early diagnosis is the key in the
treatment

of

acute

mountain

sickness

because treatment is easier and more
successful in the early stages. Mild AMS
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can be treated by halting the descent and

diuresis. It also inhibits H+ in distal tubular

waiting for acclimatization to improve,

and collecting ducts resulting in acidosis. It

9

which may take 3 to 4 days . Several

also effectively stimulates the medullary

synthetic drugs,

given below, are

respiratory center, increasing ventilation and

pharmacological

enhancing oxygen delivery to the cells. This

management of physiological changes at

drug is used for symptomatic relief as well

high altitude.

prophylaxis. Benefit occurs probably due to

currently

as

used

for

reduced CSF formation as well as lowering

Acetazolamide Prophylaxis

of CSF and brain pH, inhibits nocturnal

Acetazolamide is the drug of choice

antidiuretic hormone (ADH) secretion12.

for prophylaxis against AMS. It is more
suitable for people who have been known to
have

problems

in

the

past

or

who

Dexamethasone Prophylaxis
Steroids,

particularly

unavoidably have to ascend more quickly

dexamethasone, are effective in relieving

than recommended. The routine use of

symptoms. Dexamethasone was used by

acetazolamide

not

Hackett and colleagues13 in the dose of 4 mg

recommended. The better strategy for

orally or intramuscularly. Its mechanism of

prevention is to ascend slowly and to be

action is not known. It is preferred to be

aware of any developing symptoms10.

given in conjunction with acetazolamide or

Acetazolamide reduces the risk of mountain

tadalafil.

sickness by helping the body to adjust with

pulmonary artery pressure and incidence of

elevation changes11.

HAPE in adults with a history of HAPE3. .

before

Acetazolamide
(CAse)

anhydrase,

ascent

inhibits
an

enzyme,

is

carbonic
which

catalyses the reversible reactions as:

It is the prototype dihydropyridines

arteriolar dilatation lead to decreases total

Carbonic anhydrase thus functions in CO2
+

and HCO3 transport and in H ion secretion.
decreases

Nifedipine prophylaxis

of action. The action of nifedipine is

H2CO3 ↔ H+ + HCO3-

Acetazolamide

decrease the systolic

(DHP) with a rapid onset and short duration

H2O + CO2 ↔ H2CO3

-

to

HCO3

-

reabsorption in proximal tubule causing

peripheral resistance and B.P. fall12.
Moreover some studies suggested
that the prophylactic administration of
nifedipine

is

effective

in

lowering

Indian J. Nat. Prod., 2015, 29(1) 11

pulmonary-artery pressure and preventing
13

improvement in arterial oxygenation by

HAPE in susceptible subjects . . Similarly,

decreasing pulmonary artery pressure13.

treatment of AMS and HAPE patients with

Nitric oxide supplementation (15 ppm) with

nifedipine resulted

oxygen (50%) is generally recommended as

pulmonary

in

clinical

both gases have synergistic effect by acting

improvement, increased oxygenation, and

on two different ion channels regulating

decrease of the alveolar arterial oxygen

vasoconstriction and vasodilation.

gradient

artery

a reduction of

and

pressure,

progressive

clearing

of

Other drugs

pulmonary edema on chest x-ray. Thus
Apart from these, there are some

nifedipine offers a pharmacological tool for

existing vector for the treatment of AMS,

the treatment of AMS and HAPE14.

such as Anukool spacer-I is a large volume
Contrary

to

suggesting,

this,

there

nifedipine

were

reports

cannot

be

recommended for prevention of AMS, and
its use in high altitude medicine should be
limited to prevention and treatment of

spacer based on re-entry principle producing
sub-micron

sized

drug

aerosols

of

salbutamol. Nano-salbutamol sulphate dry
powder

inhaler,

sodium

nitroprusside

inhalation fluid (‘Respiside’), salbutamol

15

HAPE .

sulphate

Sildenafil

arginine

Sildenafil,
phosphodiesterase

commonly
inhibitor

for

used
erectile

dysfunction, has also been found effective in
hypoxia

induced

hypertension.

This

pulmonary
may

be

arterial
due

to

vasodilation caused by enhanced nitric oxide
generation upon administration of sildenafil.
Several trials are ongoing to explore use of

inhalation

fluid

hydrochloride

(‘Inmasal’),

inhalation

fluid

(‘Argitad’), sodium nitrite inhalation fluid
(‘Nanitad’), salbutamol sulphate ointment
(‘Prefros 1’),

nitroglycerine ointment

(‘Prefros-2’), high density oral nifedipine
capsule for sustained release etc. are the
other

approaches

to

mitigate

AMS18.

Symptomatic treatment can be given with
analgesics (aspirin, ibuprofen or other
NSAIDs) for headache and anti- emetics for

this drug in the treatment of HAPE16,17.

nausea and vomiting, Promethazine (25-50
Nitric oxide inhalation

mg) is also useful for the treatment of

This approach has shown promising
results

in

clinical

trials

because

of

nausea and vomiting19.
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Challenges

Associated

With

contraindicated in the rare case of allergy to
acetazolamide itself19.

Synthetic/Allopathic Drugs

Dexamethasone, a steroid, is also
Although many synthetic drugs like
acetazolamide, dexamethasone, nifedipine,
salbutamol etc are currently used in the
treatment/management of AMS and related
symptoms. However their use is mainly
restricted for prophylactic application only.
Furthermore

these

drugs

cannot

be

administered for long term due to their
involvement

in

other

physiological/

pharmacological responses and associated
side effects.

sickness; steroids suppress the immune
system, however, making it easier to get an
infection or worsening an infection you
already have. The other problem with this
drug is that if you run out while at a high
altitude,

your

symptoms

come

back

multiplied. Central effects are quite common
some patient experience euphoria, but others
may become depressed or develop psychotic
symptoms. In fact, the circadian secretion of

Side

effects

acetazolamide

associated

include

with

paresthesias,

polyuria; and less commonly, nausea,
drowsiness,

used to alleviate symptoms of mountain

impotence

and

myopia,

acidosis,

hyperkalaemia,

paresthesias,

fatigue,

abdominal

discomfort.

Hypersensitivity reactions- fever, rashes,
and bone marrow depression is rare but
serious. It is contraindicated in liver disease:
may precipitate hepatic coma by interfering
with urinary elimination of NH3 acidosis is
more likely to occur in patients of COPD12.
Because it impairs the hydration of
carbon dioxide on the tongue, it allows
carbon dioxide to be tasted and can ruin the
flavor of carbonated beverages, including
beer. It should be given with caution in
patients with allergies to sulfa drugs, and is

hydrocortisone may be disturbed in some
depressed

patients,

and

dexamethasone

suppression test can be used to identify these
individuals12.
Frequent side effects of nifedipine
are palpitation, flushing, ankle edema,
hypotension,
nausea.

headache,

Nifedipine

drowsiness and

has

paradoxically

increased the frequency of angina in some
patients. Higher mortality among post MI
patients has been confirmed. However, it has
been safely administered with β- blockers
and digoxin. By its relaxant effect on
bladder

nifedipine

can

increase

urine

voiding difficulty in elderly males. It has
also been reported to hamper diabetes
control by decreasing insulin release12.
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Side
sildenafil

effects
are

associated

with

headache,

nasal

mainly

congestion, dizziness, flushing and fall in
BP, loose motions. Sildenafil can also cause
impairment color vision, especially bluegreen discrimination. Some time a sudden
loss of vision may occur12.
Neither

acetazolamide

nor

dexamethasone should be used in children to
prevent mountain sickness because their safety
hasn’t been adequately tested20.

Therefore

traditional/herbal

approaches for treatment of AMS may be
offer a suitable alternative in a safe and
effective manner.
Herbal Approaches
There are many herbal approaches
for the treatment or 'cures' for altitude
sickness Table 2 shows some herbal drugs
used for the treatment of AMS and related
diseases.
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Table - 2
Herbal drugs for the treatment of acute mountain sickness and related disorders
Botanical
Name
Centella
asiatica

Common
name
Gotu kola

Family

Geographical region

Major phyto-constituents

Mackinlayaceae

India, Sri Lanka, northern
Australia, Indonesia, Iran,
Malaysia, Melanesia

Erythroxylum
coca
Ganoderma
lucidum

Coca

Erythroxylaceae

Western South America

Reish,
spirit plant

Ganodermatacea
e

East asia, specially China

Centellin, asiaticin
and centellicin,
terpene acids: asiatic acid, madecassic
acid and their respective glycosides,
asiaticoside and madecassoside.
Cocaine, wintergreen oil, methyl
salicylate cinnamoylcocaine
Ganoderma alcohols (1-6) and 13
ganoderma
acids
(7-19
and
polysaccharides (especially β-d-glucans),
vitamins, fiber, and amino acids.

Ginkgo biloba Ginkgo

Ginkgoaceae

China, Europe and North
America

Rhodiola
rosea

Golden
root, Rose
root

Crassulaceae

Mountains of Europe,
Iceland, Britain and Irelan
d

Saussurea
obvallata

Brahma
kamal

Asteraceae

Uttarakhand, India, Burma
and South-West China

Uses

In treatment of fatigue,
anxiety,
depression,
psychiatric disorders and
altitude sickness.
In management of hunger,
thirst, altitude sickness
In
treatment
of
cardiovascular
disorder,
rheumatoid
arthritis,
altitude sickness, diabetes
etc.
Ginkgolides and bilobalide, flavonoid, Reduces progression of
organic acids, proantho-cyanidines, memory loss and in
glucose, rhamnose.
altitude sickness.
Salidroside, rhodioloside,
In treatment of altitude
rhodosin
sickness, blood pressure
organic acids, flavonoids, tannins, and
and heart disease.
phenolic glycosides like rhodioloside, ptyrosol.
and the phenolic glycoside rhodioloside
sesquiterpenoids
Flavonoids, Anti-inflammatory, antiphytosterols,
triterpenoids,
lignans, ulcer,
anticancer,
phenolics and chlorophylls
hepatoprotective activities,
in treatment of rheumatoid
arthritis,
dysmenorrhea,
and altitude sickness
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effects. Cocaine is also an FDA-approved

Centella asiatica
Centella asiatica (Gotu kola) [Fig.1
(A)] improves blood flow to the brain,

Schedule C-II drug22. This means cocaine
can be prescribed by a healthcare provider,

benefits the microcirculation and capillary

but the process is strictly regulated. The

permeability, and relieves oedema21. In

worry about cocaine is that it is unsafe and

India, Gotu kola is regarded as perhaps the

highly addictive. Traditional medical uses of

most spiritual of all herbs. Growing in some
areas of the Himalayas, Gotu kola is used by
yogis to improve meditation. It is said to
develop the crown chakra, the energy centre
at the top of the head and to balance the
right and left hemispheres of the brain. It is
regarded as one of the most important
rejuvenative herbs in Ayurvedic Medicine.
Gotu kola has a positive effect on the
circulatory system. It improves the flow of
blood while strengthening the veins and
capillaries. It has been used successfully to

coca are foremost as a stimulant to
overcome fatigue, hunger, and thirst. It is
considered particularly effective against
altitude sickness. It also is used as an
anaesthetic and analgesic to alleviate the
pain of headache, rheumatism, wounds and
sores, etc23. Before stronger anaesthetics
were available, it also was used for broken
bones, childbirth, and during trephining
operations on the skull. Due to poising of
drug use and addiction, this drug may be
administered

only

treat phlebitis, leg cramps, and abnormal

supervision.

tingling of the extremities. It soothes and

Ganoderma lucidum

minimizes varicose veins and helps to
minimize

scarring.

therapeutic

actions

Because
and

of

these

physiological

improvements C. asiatica is considered as
most suitable herbal drug to e explored for
future research in treatment of AMS.

Coca, plant source of cocaine [Fig.1
(B)], is an illegal drug that is used nasally,
or

smoked

medical

Ganoderma lucidum [Fig.1 (C)] is
used in the high altitudes in Asia to prevent
altitude

sickness.

This

'mushroom

of

immortality', Reishi, has been used for
centuries as a longevity tonic to increase
energy and increase resilience to physical,
mental and environmental stressors. It has

Erythroxylum coca

injected,

under

for

mind-altering

antioxidant

properties,

reduces

blood

pressure and viscosity, increases oxygen
levels in the blood and aids oxygen
utilization24.
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rose)

Ginkgo biloba
Ginkgo biloba [Fig.1 (D)], has a
remarkable ability to increase blood flow
throughout the body, in particular to the
brain, enabling it to cope better with
decreased atmospheric oxygen levels. The
leaf extracts have antioxidant properties,
increase vasodilatation and peripheral blood
flow rate in capillary vessels, decrease blood
viscosity and helps regulate cerebral energy
metabolism. Ginkgo biloba and Rhodiola
have been shown in several studies to

[Fig.1

(E)],

belongs

to

the

Crassulaceae family that grows in cold
regions of the world. These include much of
the Arctic, the mountains of Central Asia,
the Rocky Mountains, and mountainous
parts of Europe, such as the Alps, Pyrenees,
and Carpathian Mountains, Scandinavia,
Iceland,

Great

Britain and Ireland.

The

perennial plant grows in areas up to 2280
meters elevation. Several shoots grow from
the same thick root. Shoots may reach 5 to
35 cm in height. R. Rosea is dioecious -

prevent and treat altitude sickness25. These

having separate female and male plants. R.

drugs are reported to improve blood flow,

rosea contains a variety of compounds that

especially through cerebral vessels, and the
uptake and utilization of oxygen in the brain
and nervous system, reducing toxic brain

may contribute to its effects33 including the
class

of rosavins that

includes rosavin, rosarin, androsin. Several

edema26. Ginkgo has also been shown to

studies have suggested that the most active

inhibit platelet clumping and stickiness,

components

keeping red blood cells evenly dispersed,

are

likely

be rhodioloside and tyrosol34
components

tissues27. Ginkgo

administered alone, but showing synergistic

could

prevent AMS by reducing the free radical
associated tissue damage caused by hypoxia
although such clinical trials resulted in
conflicting outcomes28-32,22.

inactive

other

which improves delivery of oxygen to
biloba extract

being

with

to

when

effects when a fixed combination of
rhodioloside, rosavin, rosarin and rosin was
use35. Authentications as well as potency,
of R. rosea crude material and standardized
extracts thereof were carried out with

Rhodiola rosea
Rhodiola

validated high-performance
rosea (commonly known

chromatography analyses

liquid
to

verify

the

as golden root, rose root, Aaron's rod, arctic

content of the marker constituents like

root, king's crown, lignum rhodium, orpin

salidroside, rosarin, rosavin, rosin and
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rosiridin36. The root, stem, leaves, flowers,

Devi for time immemorial belonging to the

and

family

seeds

all

have

adaptogenic

and

Asteraceae

(Sunflower

family).

antioxidant properties and have long been

Sesquiterpene lactones have been reported

considered a panacea. Rhodiola enhances

as the major phytoconstituents of this

physical

species.

and

performance,

mental

improving

energy
mental

and
acuity,

Different

pharmacological

experiments in a number of in vitro and in

memory and concentration and increases

vivo

blood supply to brain and muscles. It

demonstrated the ability of S. costus to

combats the effects of excess adrenaline

exhibit

causing raised blood pressure and blood

anticancer and hepatoprotective activities,

lipids. R. rosea extract exerts an antifatigue

lending support to the rationale behind

effect that increases mental performance,

several of its traditional uses. Apart from

particularly the ability to concentrate in

these, reports of its use in rheumatoid

healthy subjects37 and burnout patients with

arthritis, cough with cold, stomachache,

fatigue syndrome38. Rhodiola significantly

dysmenorrhea, and altitude sickness have

reduced symptoms of fatigue and improved

been studied40. S. involucrate exhibits high

attention after four weeks of repeated

anti-hypoxic activity that may be effective in

administration39. Because of its stimulating

preventing acute mountain sickness, mainly

properties and potential to interfere with

in the petroleum ether extract41.

sleep, R. rosea should be taken early in the

models

anti

have

inflammatory,

convincingly

anti-ulcer,

Other herbs

day. The herb R. rosea has also been
proposed as an altitude sickness treatment22.
Mainly due to its adaptogenic and blood
pressure stabilizing properties but scientific
validation of this health claim is yet to be
established.

Hawthorn

(Crataegus

monogyra)

flowers, leaves and berries are adaptogenic,
enhance

blood

circulation

and

have

antioxidant, vasodilator, cardiotonic and
nervine properties. They regulate blood
pressure and viscosity and help prevent

Saussurea species

blood clots. Eugenol, a component of the

Saussurea obvallata [Fig.1 (F)],

volatile oils in cloves, allspice, basil,

common name Brahma Kamal in India, is

cinnamon, bay, wild carrot seeds and

one of the most sacred species, and it has

marjoram decreases blood viscosity, and aid

been used for offerings to goddess Nanda

the retention of fluids in the blood.
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Horsebalm (Monarda spp) and various

chinensis,

related species including thyme, mints, wild

sieversiana,

Polygonatum

bergamot,

Carthamus

tinctorius

thinning

winter

savory, contain

compounds

including

blood
thymol,

Rubia

cladonioides,

cordifolia,

L,

Phyllathus

Artemisia

cirrhifolium,
Lethariella
emblica

L,

menthol or menthone. Foods such as garlic,

Artemisia sacrorum and Salvia przewalskii]

ginger, tomatoes, dill, parsley, chillis,

had shown antihypoxic activity, which can

celery, onions and fennel also possess blood

be proven effective in acute mountain

thinning compounds1. There are several

sickness41.

herbs, which could be very helpful to help

Nutraceuticals

prevent

Vitamins

or

treat

altitude

sickness,

particularly those which are classed as
adaptogens and cardiotonics. Adaptogens
such as Siberian ginseng (Eleuthrococcus
senticosus and Panax
Ashwagandha

ginseng),

(Withania

and Schizandra

chinensis.

somnifera)
These

drugs

support the adrenal glands and increase
resilience to both physical and psychological
stress42. Magnesium, glutamine,

and milk

thistle, alone or in combination, have been
suggested for altitude sickness, but there is
no meaningful evidence in favour of
therapeutic effectiveness43. A number of
herbal drugs [Sibiraea angustata, Arenaria
brevipetala,

Meconopsis

horridula,

Potentilla anserine, Hippophe rhamnoides
subsp.

sinensis

Rousi,

Rhododendron

anthopogonoides, Lithospermum officinale,
Dracocephalum tanguticum, Nardostachys

A double-blind trial of 18 mountaineers
climbing to the Mt. Everest base camp found
that

use

of

an

antioxidant

vitamin

supplement (providing 1,000 mg of vitamin
C, 400 IU of vitamin E, and 600 mg
of lipoic acid daily) significantly improved
symptoms of altitude sickness as compared
to placebo44. Treatment was begun 3 weeks
prior to ascent and continued during the 10
days of climbing. However, this was a very
small study, and its results cannot be taken
as reliable. Another small study using
similar antioxidants in a similar manner
found that use of antioxidants might offer
benefits in the first couple of days of high
altitude ascent, but that these benefits
decline with acclimatization45.

Indian J. Nat. Prod., 2015, 29(1) 19

Fig.1: Herbal drugs used for acute mountain sickness and related disorders - (A) Centella
asiatica; (B) Erythroxylum coca; (C): Ganoderma lucidum; (D): Ginkgo biloba; (E): Rhodiola
rosea; (F): Saussurea obvallata
whole grains and dry fruits etc. may also
help in prevention of AMS.
High Carbohydrate Meals
CONCLUSION AND FUTURE
High-carbohydrate meals are sometimes
recommended

for

preventing

altitude

PROSPECTS
High

altitude disorders can

be

sickness. The reasoning is that carbohydrate

managed effectively with early detection

ingestion

dioxide

and proper acclimatization. Despite of

production, which in turn stimulates an

several attempts by medical scientist to

increases

carbon
43

increased rate of breathing . However,

conquer

studies on this treatment have resulted in

management of these conditions, a common

the

challenges

in

therapeutic

46

contradictory results . Intake of some of the

treatment approach still remains elusive.

botanicals rich in carbohydrate content viz.

Administration of synthetic drugs along with

Molus domestica, Musa acuminate, Solanum

pharmacological

tuberosum, Citrus sinensis, honey, cereals,

interventions

and

Indian J. Nat. Prod., 2015, 29(1) 20

precautions may reduce the associated risk
but

severe

adverse

physiological

effects,

changes

unwanted

and

REFERENCES

certain

limitations remain challenges to overcome.

1. Chow T., Browne V., Heileson H.L., et

Many Herbal drugs are explored for this

al., Arch Intern Med, 2005, 165, 296-

purpose since ages by people residing in

301.

high altitude areas and scientific evidences
through recent studies has opened a new

2. Peter H., Hackett R., Robert C, Current
Concepts, 2008, 54(2), 45-59.

avenue for effective treatment of AMS and

3. Oelz O., Maggiorini M., Ritter M., et

related diseases in safe and holistic manner.

al., Schweiz Med Wochenschr, 1992,

Pre-adaptation, slow ascent and prior use of

122(31-32), 1151-1158.

these herbal drugs may result in better
acclimatization

and

thus

reducing

the

4. Hackett P.H., Roach R.C, High altitude
medicine.

In:

Auerbach

PS,

medicine, 5th

ed.

associated risk. Better safely profile of

editor. Wilderness

herbal drugs also offers an advantage over

Philadelphia: Mosby Elsevier, 2007.

synthetic drugs however issues like exact

5. Forster P.J., Aviat Space Environ Med,

simulation of AMS and related disorders,
organized clinical trials and concerns about
the potential variation in purity and content
of active components in herbal drugs need to
be addressed properly. Such relevant studies
may lead to finding a better solution for
climbers and soldiers stationed of higher

1985, 56,758-764.
6. Vogel S. H., Caceres E., Koubi H., et al.,
J Appl Physiol, 1996, 80, 643-649.
7. Favier R., Caceres E., Koubi H., et al., J
Appl Physiol, 1996, 80, 650-655.
8. Pesce C., Leal C., Pinto H., et al., High
Alt Med Biol, 2005, 6, 158-166.
9. Coote J.H., Sports Med., 1995, 20,148-

altitudes.
ACKNOWLEDGEMENT

159.
10. Imray C.H., Myers S.D., Pattinson K.T,

The authors are thankful to Mr. Parveen
Garg, Chairman, ISFCP, Moga for providing
necessary

facilities.

Conceptual

development by Mr. Animesh is also dully
acknowledged.

et al., J Appl Physiol, 2005, 99, 699-706.
11. Hackett P.H., Roach R.C., Ann Emerg
Med, 1987, 16,980-986.
12. Tripathi K.D., Essential of Medical
Pharmacology, Jaypee Publisher, New
Delhi, 2009, 6th ed. reprint.

Indian J. Nat. Prod., 2015, 29(1) 21

13. Bartsch P., Maggiorini M., Ritter M., et

26. Jeffrey H. G., Todd B. S., Joanne M., et

al., N Engl J Med, 1991, 325, 1284-

al., High Alt Med & Biol, 2004, 3(1), 29-

1289.

37.

14. Hohenhaus E., Niroomand F., Am J

27. Zhang Z. J.,Tong Y, Zou J, et al.,

Respir Crit Care Med, 1994, 150 (3),

Chinese J Integr Med, 2009, 15(3), 177-

857-860.

183.

15. Maggiorini M., Cardiovasc Res., 2006,
72(1), 41-50.
16. Zhao L., Mason N.A., Morrell N.W., et
al., Circulation, 200, 104, 424-428.
17. Hackett P.H., Rennie D., JAMA. 2002,
287, 2275-2278.
18. Maggiorini M., Ther Umsch., 2001,
58(6), 387-393.
19. Maggiorini M., Brunner-La Rocca H.P.,
Ann Intern Med, 2006, 145, 497-506.
20. Bartsch P, Merki B., Hofstetter D., et al.,
BMJ. 1993, 306, 1098-1101

28. Luks A.M., Swenson E.R., Chest, 2008,
133(3), 744-55.
29. Van T., Patot M.C., Keyes L.E., et al.,
High Alt Med Biol, 2009,10(1), 33-43.
30. Ginkgo Monograph. Natural Medicines
Comprehensive Database. Last updated
8.10.2012.

[Accessed

via

www.naturaldatabase.com on 9 Jan
2013].
31. Leadbetter G., Keyes L.E., Maakestad
K.M., et al., Wilderness Environ Med,
2009, 20, 66-71.

21. Roncin J.P., Schwartz F., Arbigny

32. Maakestad, K., Leadbetter, G., Olson, et

P., Aviat Space Environ Med., 1996,

al., Wilderness Environ Med, 2001, 12,

67,445-452.

51-53.

22. Moraga F.A., Flores A, Serra J, et al.,
Wilderness Environ Med., 2007, 18,
251-257.
23. Gertsch J.H., Basnyat B., Johnson E.W.,
et al., BMJ, 2004, 328, 797-804.
24. Gertsch J.H., Seto T.B., Mor J., et al.,
High Alt Med Biol., 2002, 3, 29-37.
25. Gertsch J.H., Basnyat B., Johnson E.W.,
et al., Br Med J, 2004, 328, 797-801.

33. Ganzera M., Yayla Y., Chem Pharm
Bull, 2001, 49, 465-467.
34. Shevtsov V., Zholus B., Phytomedicine,
2003, 10, 95-105.
35. Darbinyan V., Kteyan

A.,

Panossian

A., Phytomedicine, 2000, 7, 365-371
36. Pasov A.A., Mandrikov V.B, Mitonova
I.A., Exp Clin Pharmacol, 2000, 63(1),
76-78.

Indian J. Nat. Prod., 2015, 29(1) 22

37. Wing S.L., Askew E.W., Wilderness

46. Bernhard W.N., Schalick L.M., Delaney
P.A., et al. Aviat Space Environ Med,

Environ Med, 2003, 14, 9-16.
38. Maakestad K., Leadbetter G., Olson S.,
et al., Proceedings Wilderness Medical
Society Summer Conference, Park City,
Utah, 2000.

1998, 69, 883-886.
47. Hackett PH, Roach RC. High-altitude

medicine.

In:

Wilderness

39. Clostre, Neurologic Psychiatrie, 19891,
33-41.

Auerbach
Medicine.

PS,

ed.

th

ed.

5

Philadelphia, Elsevier, 2007.
48. Schoene R.B., Swenson E.R., In: Mason

40. Pandey M.M., Rastogi S., Rawat A.K., J
Ethnopharmacol, 2007,110 (3), 379-90.
41. Maa H.P., Fana P.C., Yaob L.L.J.J., et
al.,

Journal

Ethnopharmacol,

RJ. Saunders Elsevier, 2005, 31(6), 4365.
49. Wright A., Brearey S., Imray C., Expert
Opin Pharmacother,2008, 9(1),119-127.
50. Yaron, M, Honigman, B. High- Altitude

2011,137,1510-1515.
42. Mansoor J.K., Morrissey B.M., Walby

Medicine. In: Marx JA, Hockberger RS,

W.F., et al., High Alt Med Biol, 2005, 6,

Walls

289-300.

Emergency Medicine: Concepts and

43. Gray D.,

Milne D., Percept Mot

Skills. 1986, 63, 873-874.

T.A. et al., Med Sci Sports Exerc, 2006,
38, 1425-1431.
45. Lawless N.P., Dillard T.A., Torrington
et

al. Aviat

Space

Med, 1999, 70, 874-878.

Environ

et

al.,

eds.

Rosen's

Clinical Practice. 7th ed. Philadelphia,
Elsevier; 2009.

44. Subudhi A.W., Jacobs K.A., Hagobian

K.G.,

RM,

Indian J. Nat. Prod., 2015, 29(1) 23

GASTROPROTECTIVE ACTIVITY OF THE STANDARDIZED
ETHANOLIC EXTRACT OF ENICOSTEMMA VERTICILLATUM (L.).
Rashmi Sharma, Damiki Laloo, Apurva Joshi, Deepali Pandey, S. Hemalatha*
Department of Pharmaceutics, Indian Institute of Technology (Banaras Hindu University),
Varanasi-221005, India

ABSTRACT
The leaves of Enicostemma verticillatum are traditionally used in treatment of fever, pain,
ulcer, dysentery, diabetes, rheumatism, malaria and inflammation. The present
investigation was undertaken in order to scientifically validate the traditional use in ulcer.
Ethanolic extract of leaves of Enicostemma verticillatum (EEV) was quantified for various
phytoconstituents along with HPTLC characterization using rutin as standard. The
gastroprotective activity of EEV was evaluated on gastric-ulcer models such as ethanol
(EtOH) and cold restrain stress (CRS) induced gastric ulcers. The effect on ulcer index and
mucous content were determined in the above two stated models. The levels of antioxidant
enzymes (superoxide dismutase, catalase, and glutathione) and malondialdehyde in the
stomach tissue (mucosal scrapings) were also estimated. A histopathological study of the
stomach was evaluated using eosin–haematoxylin stain. EEV showed presence of various
classes of phytoconstituents such as phenols, tannins, flavonoids, carbohydrates, steroids
and saponins, while rutin quantified by HPTLC in ethanol extract was 2.019% w/w. EEV
(200–400 mg/kg, p.o.) showed significant protection against acute gastric-ulcer induced by
EtOH and CRS. Moreover, it was also observed to have antioxidant effects by producing a
significant increase in the levels of SOD, CAT, and GSH and decreased the LPO activity.
Histopathological studies showed that EEV significantly prevented gastric lesions caused
by ethanol. The present study showed that EEV has potent gastroprotective activity thus
justifying the traditional usage of this herb to treat gastric ulcers.
*Corresponding author
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are used in treatment of fever, pain, ulcer,
INTRODUCTION

dysentery, diabetes, rheumatism, malaria

Ulcer is defined as a breach in the mucosa of

and inflammation4. E. verticillatum is a

alimentary canal which extends up to

bitter tonic and is used as a substitute for

erosion of deeper layers of gastrointestinal

‘Chirayata’ (Swertia chirata) as blood

tract. Peptic ulcer occurs in any portion of

purifier5.

gastrointestinal tract which is exposed to

Martinique reported that decoction of leaves

aggressive factors. Gastric ulcer results from

are

to

treat

imbalance between the aggressive factors

phytoconstituents,

such

(acid, pepsin etc) and defensive factors

(Verticilliside),

(mucous, prostaglandins, bicarbonates etc.)1.

iridoids (secoiridoids such as Enicostemins

In modern medicine, drugs which are used

A and B) components have been reported in

to cure peptic ulcer disease include proton

the plant5,7. Besides being used in traditional

pump inhibitors, antacids, H2 receptor

medicine, its pharmacological property as

antagonist,

anti-

antiulcer has not yet been studied. Hence the

Helicobacter pylori agents etc.2. However,

present study is carried out to scientifically

the regimen for treatment for gastric ulcer is

validate the efficacy of the ethanolic extract

prolong use of these medicines, as a result

of E. verticillatum (EEV) in gastric ulcer

produces

experimental models.

cytoprotective

several

side

agents,

effects,

which

Ethnobotanical

used

flavonoids

survey
fever6.

as

in

The

glycosides
(rutin)

and

therefore lead to the search of an alternative
medicine from plant source3. Enicostemma
verticillatum (L.) is a medicinal herb
belonging to the family Gentianaceae which
is commonly known in ‘Hindi’ (India) as
‘Nahi’ (Figure 1). It is found mainly in
India, Pakistan and in moist places of South
America, Africa and Asia. It is a perennial
glabrous herb growing 1-4 cm in height,
stem

is

erect

or

procumbent,

sub-

quandrangular with 4 indistinct ridges.
Traditionally the leaves of E. verticillatum

Figure 1: Whole plant of E. verticillatum

Indian J. Nat. Prod., 2015, 29(1) 25

methods8.

The leaves of E. verticillatum were
collected in the month of June to September
(2013) from Begumganj area located in
Raisen Bhopal, Madhya Pradesh, India. The
botanical authentication of the plant was
done by Prof. Madhuri Modak, Department
of Botany, Motilal Vigyan Mahavidhyalaya,
Bhopal, Madhya Pradesh, India. For future
voucher

specimen

(Phcoglab/EV-457) of the plant has been
deposited in Department of Pharmaceutics,
Indian Institute of Technology (Banaras
Hindu University), Varanasi, India.
Leaves of the plant were washed and
shade dried for 2 weeks at room temperature
to prevent thermal degradation of the heat
sensitive phytoconstituents. Dried leaves (1
Kg) were coarsely ground into powder and
were exhaustively extracted for 3 days
(12h/day)

in

Soxhlet

apparatus

using

absolute ethanol (3L) as solvent. The extract
was

collected

of

total phenolic and tannins9, total flavonoids

Plant Material

a

estimation

different classes of phytoconstituents viz.

MATERIAL AND METHODS

reference,

Quantitative

and

the

solvent

was

evaporated using rotary evaporator to obtain
the dried ethanolic extract (EEV; 25.84%
w/w) and kept in a desiccator until use.
Phytochemical Evaluation
Preliminary phytochemical screening of
the EEV was done as per the standard

and flavonol10, total saponin11 and total
carbohydrates12 were spectophotometrically
determined. In the present investigation,
EEV extract was also standardized with
rutin using HPTLC

techniques.

Stock

solution of EEV and rutin in methanol were
prepared in concentration of 25 mg/mL and
1 mg/mL respectively. Mobile phase for
developing

the

chromatogram

was

composed of ethyl acetate: formic acid:
acetic acid: water mixture in the ratio 20.0:
2.2 : 2.2 : 1.1 (v/v/v/v). The study was
carried

out

using

Camag-HPTLC

instrumentation equipped with Linomat-V
sample applicator, Camag TLC scanner-3
and Camag TLC visualize. Wincats 4
software was used for data interpretation.
The Rf value was recorded and the plate was
screened and photo documented at UV range
with wavelength (λmax) of 254 nm.
Gastric Ulcer Studies
Animals
Charles foster albino rats of either
sex weighing between 150-180 gm were
used for the study. They were housed under
standard laboratory conditions maintaining
the necessary standard laboratory parameters
like temperature (26±2°C), relative humidity
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(44-56%) and maintaining 12h day/12 h

served as ulcer control group received 0.5%

night during the experimental time. Animals

(w/v) carboxymethyl cellulose in distilled

were provided with standard rodent pellet

water. Group III rats served as positive

diet (Amrut Laboratory animal feed Pvt.

control

Ltd, Pune, India) and water ad libitum. The

sucralfate (250 mg/kg, p.o.); whereas, group

experiment was conducted after the approval

IV, V and VI received EEV orally at three

from

Ethical

doses levels (100 mg/kg, 200 mg/kg, and

Committee, Institute of Medical Sciences,

400 mg/kg). Ulcer was induced to overnight

Banaras Hindu University (Approval No.:

fasted rats by administering absolute ethanol

Dean/2014/CAEC/472).

the

(1 mL/200 g, 1h). Animals were sacrificed

animals (with free access to water ad

by decapitation and all the stomachs were

libitum) for 18 h prior to the experiment was

incised along the greater curvature and ulcer

done in all the tested gastric ulcer models.

score was calculated14. The ulcers were

Acute toxicity test

counted, scored and the ulcer indexes were

the

Institutional

Animal

Fasting

of

The acute oral toxicity study of EEV
was performed on 24 h fasted rats (150-

which

received

standard

drug

expressed as mm2/rat.
Cold restrain stress (CRS)-induced ulcer

180g) by single dose administration each of

In cold restrain stress model the

2000 and 5000 mg/kg (p.o.). The toxicity

animals were also divided in to six groups

signs and symptoms or any abnormalities

with six animals in each groups (n = 6).

associated with EEV administration was

Groupings was done in the same way as per

observed at 0, 30, 60, 120, 180 and 240 min

the ethanol-induced ulcer model, except in

and then once a day for the next 14 days.

group II rats where the ulceration was

The number of rats that survived was

induced by subjecting the rats to physical

recorded at the end of the study period13.

cold restraint stress by strapping the fore and
hind limbs on a wooden plank and kept for 2

Ethanol (EtOH)-induced ulcer

hours at temperature 4-6° C. Later the

In ethanol-induced ulcer model, all

animals were sacrificed by decapitation and

the animals were divided into six groups

stomach was cut and opened along greater

with six animals in each groups (n = 6).

curvature to examine the ulcer development.

Group I served as normal control received

Ulcers were scored in glandular portions of

distilled water as the vehicle. Group II
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the stomach which were described as

Estimation of mucous content

follows:

Gastric wall mucus obtained from EtOH and

[0]: no ulcer.

CRS induced ulcer rats were used for the

[+]: pin point ulcer and histological changes

estimation of mucus content16. Briefly 0.5 g

limited to superficial layers of mucosa and

of the glandular segment of the stomach was

no congestion.

placed in 10 mL Alcian blue solution (0.1%,

[++]: ulcer size less than 1 mm and half of

w/v in 0.16 M sucrose solution) buffered

the mucosal thickness showed necrotic

with 0.05 M sodium acetate adjusted to pH

changes.

5.5 with HCl and left to stain for 2 h.

[+++]: ulcer size 1–2 mm with more than

Uncomplexed dye was removed by two

two-thirds

of

washes of 15 and 45 min in sucrose 0.25M.

destroyed

with

the

mucosal

marked

thickness

necrosis

and

Dye complexed with mucus was extracted

congestion, muscle is remaining unaffected.

with proper shaking in 5 mL of 0.5 M

[++++]: ulcer either more than 2 mm in size

MgCl2 solution for 2 h. The resulting blue

or perforated with complete destruction of

dye extract was then shaken vigorously with

the mucosa with necrosis and haemorrhage,

equal volumes of diethyl ether and finally

muscle is still remaining unaffected.

centrifuged at 3600 rpm for 20 min. The

The pooled group ulcer score was then

concentration of the dye in aqueous layer

calculated according to the method of

was then determined spectrophotometrically

Sanyal et al.15 and the % protection was

at 580 nm using standard curve of alcian

calculated by using the following formulae.

blue. The mucus content was then calculated
as expressed in terms of the alcian blue
content extracted (µg/g wet tissue).
Antioxidant and free radical determination

Biochemical estimations

Antioxidant

Glandular weight of stomach:
The

stomach

glandular

weight

was

measured in 1 h ethanol induced gastric
ulcer rats. The glandular weight of the
stomach was separated from the non
glandular part and was expressed as
mg/100g, body weight1.

dismutase

enzymes
(SOD),

like

superoxide

catalase

(CAT),

glutathione (GSH) and lipid peroxidase
(LPO) were determined in EtOH and CRS
induced gastric ulcer models using the
mucosal

scrap

stomach

tissues.

The

homogenate was prepared in 0.9% ice cold
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saline by using tissue homogenizer and the

determined. The amount of enzyme required

homogenate obtained was centrifuged at 800

to decompose 1µmol of H2O2 / minute at

rpm for 10 min followed by 12000 rpm for

250C was termed as 1 unit of CAT. Results

15 min. The clear supernatant bearing the

were expressed in terms of units of CAT

mitochondrial fraction was used for the

activity/g of tissue.

17

following enzyme estimation .

Glutathione (GSH)- estimation

Lipid peroxidase (LPO)-estimation

The GSH level was estimated as per the

The LPO level was determined as per the

method

methods of Ohkawa et al.18 in which LPO

Absorbance of the solution was recorded

was

spectrophotometrically

determined

malondialdehyde

in

terms

Sedlak

Lindsay21.

and

at

412

nm.

A

1,1,3,3-tetra-

standard calculation curve was prepared

methoxypropane was used as an external

using reduced GSH. The results were

standard and the level of LPO was measured

expressed in terms of µg of GSH/g of tissue.

spectrophotometrically at 532 nm and

Histopathological studies

expressed as nmol MDA/g of tissue.

Stomach sample of all group obtained from

Superoxide (SOD)-estimation

1h absolute ethanol induced ulcerated rats

The SOD level was determined as per the

were kept in 10% formalin. These samples

methods of Kakkar et al.19. The results were

were then embedded in paraffin block for

expressed in terms of units of SOD

sectioning. The sections obtained were 1-

activity/g tissue. A system devoid of enzyme

3µm in thickness which were stained with

served as control. 1 unit of enzyme activity

haematoxylin

and

eosin

is defined as enzyme concentration required

photographed

using

a

to inhibit the optical density at 560 nm of

microscope

chromagen protection by 50% in one min

magnification.

under the assay conditions, and the results

Statistical Analysis:

have been expressed as units (U) of SOD

All the values of the experimental results

activity/g wet tissue.

were expressed as mean ± standard error of

Catalase (CAT)-estimation

mean (SEM). Analysis of variance was done

The CAT was estimated as per the methods

by one‒way ANOVA followed by Tukey’s

20

of Beers and Sizer . Decomposition of

multiple comparison post hoc test. GraphPad

H2O2

Prism 5.0 software (GraphPad software,

in

(MDA).

of

of

presence

of

catalase

was

(eclipse

dye

Nikon
200)

and
digital

at

10x
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Inc., La Jolla, CA) was used for all

symptoms

of

toxicity

or

behavioral

statistical analysis. A difference in the mean

abnormalities up to 14 days. Hence, the drug

values of p < 0.05 was considered to be

was found to be safe up to 5000 mg/kg, p.o.

statistically significant.

Moreover, as per the data obtained from the
preliminary study on pilot test, it was found

RESULTS

that EEV showed a minimum effective dose

Phytochemical evaluation of the crude
extract

p.o., showed the optimum effective dose and

The results demonstrated that EEV showed
the

presence

of

various

classes

of

phytoconstituents such as phenols, tannins,
flavonoids,

carbohydrates,

steroids

and

saponins. From quantitative estimation total
phenolic content in EEV was reported to be
54.395 mg/g (gallic acid equivalent) while
tannin content was estimated to be 53.267
mg/g (tannic acid equivalent). The values of
total flavonoids and flavonols were found to
be 64.967 mg/g and 7.308 mg/g (rutin
equivalent) respectively. Saponins present in
the plant material were found to be 145.83
mg/g (diosgenin equivalent); whereas, total
carbohydrate in EEV was found to be
24.153

of 100 mg/kg, p.o., whereas, 400 mg/kg,

mg/g

(D-fructose

equivalent).

Results for the HPTLC quantification of
rutin in EEV was analyzed by scanning at
wavelength 254 nm and the quantity of rutin
in ethanolic extract was found to be 2.019%
w/w (Figure 2).
Acute toxicity study
Single dose administration of EEV up to
5000 mg/kg, p.o. did not produce any

a ceiling activity was observed above 400
mg/kg,

p.o.

Hence,

the

triple

dose

optimization of 100, 200 and 400mg/kg, p.o.
was selected for study.
Gastric ulcer studies
Oral administration of EEV (200 and 400
mg/kg, p.o.) for 7 days when compared to
ulcer control group showed significant
protective effect against both the tested
gastric-ulcer models viz. CRS and EtOH
induced ulceration. Standard drug suralfate
(250 mg/kg, p.o.) also showed significant
protection in both the tested ulcer models.
The ulcer index and percentage inhibition
was shown in Table 1.
Effect of EEV on mucous content
EEV at dose level 200 and 400 mg/kg, p.o.,
and sucralfate (250 mg/kg, p.o.) when
compared to ulcer control group showed
significant activity in increasing the mucous
content in both the tested physical and
chemical induced gastric ulcer models. The
results were represented in table 2.
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Effect of EEV on glandular weight of

tested models. EEV at all dose levels also

stomach

showed significant effect in increasing the

The results for the glandular weight of the

CAT level as compare to ulcer control in

stomach after treatment with EEV were

both the models. Nevertheless, there is also

represented in Table 3. It was observed that

a significant difference in level of SOD

untreated rats (ulcer control group) when

when the ulcer control group is compared

administered with absolute ethanol showed a

with that of the treated groups in all dose

significant decrease in glandular weight of

levels in CRS model (Table 4 and 5).

the stomach. However, rats pre-treated with

Histopathological studies

EEV (400 mg/kg, p.o.) when compared to

The

ulcer control group showed significant

examined in 1 h EtOH induced ulcer model.

increase in the weight of the stomach.

It was observed that oral administration of

Sucralfate also showed significant activity,

absolute ethanol produces lesions, erosion,

but the effect was found to be lesser as

necrosis and haemorhage, thus changed the

compared to EEV.

normal structure of stomach mucosa. Pre-

Effect of EEV on antioxidant enzyme and

treatment with EEV graded dose (200 and

free radical generation

400mg/kg, p.o) and sucralfate (250 mg/kg,

Ulcer control group when compared to

p.o.) provided significant protection to the

normal control group showed a significant

stomach

alteration in the levels of oxidant (LPO) and

histopathological

antioxidant markers (CAT, SOD, GSH) in

absolute ethanol. However, the lower doses

both EtOH and CRS induced ulcer models.

showed

Generation of ulcer by absolute ethanol and
physical stress produce a decreasing levels
of CAT, SOD and GSH, and increasing
level of LPO. Pre-treatment with EEV (200
and 400 mg/kg, p.o) and standard drug
sucralfate (250 mg/kg, p.o.) significantly
restored the oxidant and antioxidant enzyme
activity resulting in a decreased level of
LPO and increased level of GSH in both the

histopathological

evaluation

mucosa

lesser

against

damages

activity

caused

(Figure

was

all
by

3).
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Table 1: Effect of graded dose ethanolic extract of leaves of Enicostemma verticillatum on cold restrain stress (CRS, 2 h) and absolute
ethanol (EtOH, 1h) induced gastric ulcers in rats
Group
treatment

Dose

Ulcer index and percentage protection

(mg/kg, p.o.)
EtOH (mm2/rat) %protection

Ulcer control

CRS

%protection

0.5% CMC

31.83±1.4

-

16.7±3.10

-

Sucralfate

50

8.16±1.4a

74.36

5.5±0.70a

67.06

EEV

100

25.83±2.3b

18.85

15.5±1.43b

7.18

EEV

200

12.16±1.7ac

61.79

8.33±0.9a

50.11

EEV

400

4.16±1acd

86.93

7±1.90ac

58.08

a P<0.05, statistically significant as compare to ulcer control.
b p<0.05, statistically significant as compare to sucralfate.
c p<0.05, statistically significant as compare to EEV 100.
d p<0.05, statistically significant as compare to EEV 200.
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Table 2: Effect of EEV on mucous content of ethanol induced and cold restrain stress induced ulcer model
Mucous Content

Group treatment
(mg/kg, p.o.)

µg alcian blue/g of tissue
EtOH induced ulcer model

CRS model

77.64±8.50

85±10.6

205.10±12.80a

133±14.3

EEV100

95.10±9.30b

99±19.2

EEV200

123.30±7.80ab

110±12.2

EEV400

187.76±5.08acd

150±18.7a

Ulcer control
Sucralfate

a P<0.05, statistically significant as compare to normal control.
b p<0.05, statistically significant as compare to ulcer control.
c p<0.05, statistically significant as compare to sucralfate.
d p<0.05, statistically significant as compare to EEV 100.
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Table 3: Effect of oral administration of EEV graded doses on glandular weight of stomach in 1h ethanol induced gastric ulcer in
experimental rats
Groups/treatment

Weight of the glandular portion of stomach
(mg/ 100g, BW)

Normal control

718.96 ± 10.6

Ulcer control

610.21 ± 13.55a

Sucralfate

672.04 ± 12.54b

EEV100

621.20 ± 9.86a

EEV200

640.02 ± 15.02a

EEV400

710.72 ± 21.33bde

a P<0.05, statistically significant as compare to normal control.
b p<0.05, statistically significant as compare to ulcer control.
d p<0.05, statistically significant as compare to EEV 100.
e p<0.05, statistically significant as compare to EEV 200.
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Table 4: Effect of EEV on the levels of CAT, SOD, GSH and LPO in rats with gastric ulcers induced by absolute ethanol
Group/treatment

CAT

SOD

GSH

LPO

(mg/kg,p.o)

(units/g tissue)

(units/g tissue)

(µgGSH/g tissue)

(MDA,nmol/g
tissue)

Normal control

22.40±0.8

39.04±0.52

231.93±22.79

34.93±3.64

Ulcer control

7.60±1.6a

23.86±2.7a

98.51±24.68a

70.98±9.2a

Sucralfate 50

21.18±0.5b

25.78±1.96a

221.82±13.89b

40.24±5.08b

EEV100

13.60±0.3abc

33.54±1.47bc

153.73±23.50

58.46±6.97

EEV200

18.80±0.4abd

28.78±1.12a

249.93±31.81b

40.23±5.65b

EEV400

19.80±0.5bd

27.64±0.82a

223.85±27.16b

36.31±5.71b

All the results are expressed as Mean±Sem (n=6 in each group). Statistical comparison was determined by one way ANOVA followed by the Tukey’s multiple comparison tests.
a P<0.05, statistically significant as compare to normal control.
b p<0.05, statistically significant as compare to ulcer control.
c p<0.05, statistically significant as compare to sucralfate.
d p<0.05, statistically significant as compare to EEV 100.
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Table 5: Effect of EEV on the levels of CAT, SOD, GSH and LPO in rats with gastric ulcers induced by cold restrain stress
Group/treatment

CAT

SOD

GSH

LPO

(mg/kg,p.o)

(units/g tissue)

(units/g tissue)

(µgGSH/gtissue)

(MDA,nmol/g
tissue)

Normal Control

28±0.81

6.9±0.3

237.3±19.3

11.09±1.7

Ulcer Control

15.90±0.9a

22.4±1.6a

94.8±30.8a

49±1.6a

Sucralfate 50

29±0.8b

8.4±1.1b

226.4±18.4b

18.20±2.2b

EEV100

19.60 1abc

16.9±0.1abc

153.2±19.1

37±7.80ac

EEV200

22.15±0.8abc

11.5±0.4abd

233.3±38.0b

25.20±2.4b

EEV400

28.10±0.8bde

10.6±1.1bd

254.6±42.2b

20.50±3.5b

All the results are expressed as Mean±Sem (n=6 in each group). Statistical comparison was determined by one way ANOVA followed by the Tukey’s multiple comparison tests.
a P<0.05, statistically significant as compare to normal control.
b p<0.05, statistically significant as compare to ulcer control.
c p<0.05, statistically significant as compare to sucralfate.
d p<0.05, statistically significant as compare to EEV 100.
e p<0.05, statistically significant as compare to EEV 200.
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Figure 2: HPTLC chromatogram of E. verticillatum
A) Graph of standard rutin and B) Graph of ethanolic extract of E. verticillatum (EEV) showing presence of rutin.
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Figure 3. Morpological and histological representation of the rat stomach.
[Black cube: Normal stomach tissue; Red cube: Ulcerated stomach with gastric pits; Red asterisk: Surface epithelium detachment;
Black asterisk: Stomach showing normal architecture with less or no ulcer formation]
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DISCUSSION

related factors26. During stress condition,

In the present study, we have demonstrated

LPO and SOD levels were increased and

that oral administration of EEV effectively

CAT level was significantly decreased. The

protected the animals against acute gastric

increase in SOD was due to increased ROS

ulcer caused by various physical and

generation during mucosal damage. This

chemical ulcerogens. The oral acute toxicity

leads to generation of H2O2- and its

study depicted that EEV was found to be

accumulation due to decreased CAT level27.

safe up to 5000 mg/ kg, p.o. with no sign of

Our results showed that EEV protected the

toxicity or abnormalities in the animals.

mucosa against the erosive action of ethanol

Biochemical studies were performed on

and the percentage inhibition of ulcer score

various gastric ulcer parameters using two

was found to be 86.93% with 400mg/kg,

gastric ulcer models (ethanol and cold

p.o. this was comparable to the standard

restrain

drug sucralfate. EEV also showed mark

stress)

for

understanding

the

mechanistic activity.

decrease in LPO level suggesting decrease

Pretreatment with EEV (200 and 400mg/kg)

in oxidative stress. This suggests that the

for seven days showed significant gastric

antiulcerogenic

ulcer protective activity against absolute

contribute to the antioxidant activity.

effect

of

EEV

may

EtOH and CRS induced gastric ulcers in

Ethanol is a potent necrotizing agent

rats. Ulcers caused by ethanol mainly affect

that destroys mucosa of stomach, which is a

the superficial cell layer, thus causing severe

defensive factor leading to depletion of

damage and disturbances to the mucosa. It is

gastric wall mucous28. Our results showed

a commonly used gastric ulcer model and is

that EEV at all dose levels show significant

the

the

effect on the gastric mucus content, which

development of ulceration22. Stress induced

further signifies that the drug might act

ulcer is caused by number of factors like

through the defensive mechanism. Several

increase in gastric motility, vagal over

studies have suggested that the damage of

main

23

activity ,

contributing

mast

factor

for

24

cell

degranulation ,
25

decreased gastric mucosal blood flow

and

26

the gastric mucosa caused by ethanol starts
with

microvascular

injury,

namely

decreased PG synthesis . Stress induced

disruption of the vascular endothelium

ulceration involves damage by reactive

resulting in increased vascular permeability,

oxygen species apart from acid and pepsin

epithelial lifting and edema formation29.
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Histopathological

that

extract produces a significant increase in

administration of absolute ethanol leads to

antioxidant enzymes which confirms its

detachment of mucosal epithelium, resulting

antioxidant property. Polyphenolics are well

in

and

known to have antiulcerogenic effect33.

haemorrhagic condition3. Pretreatment with

Tannins may prevent ulcer development due

standard drug sucralfate showed appearance

to

similar to that of normal control with intact

vasoconstriction and antioxidant activities.

epithelium

and

Protein precipitation leads to formation of

haemorrhage. Rats pretreated with EEV

impermeable layer over the lining that

(200-400 mg/kg; p.o.) were also observed to

hinders gut secretions and protects mucosal

protected and preserved the functional cell

lining

structure of the entire gastric mucosa,

verticillatum leaves extract is rich in

whereas the lower dose of EEV (100 mg/kg,

polyphenolic components, as seen in our

p.o.) was found to be less effective than

quantitative results, with the maximum

higher doses (200 and 400 mg/kg, p.o.).

quantity of phenolics and tannins. Apart

These results showed the mucoprotective

from these phytochemicals, flavonoids are

action of EEV against gastric ulcers

also present in a considerable amount. The

produced by absolute ethanol.

presence of a flavonoidal component (rutin)

Many reactive oxygen species play a key

in EEV as observed in the HPTLC

role in generation of gastric ulcers30,

chromatogram

formation

studies

of

showed

gastric

without

gastric

pits

pits

31

.

their

from

protein

irritants34.

may

precipitating,

Enicostemma

contribute

to

the

These radicals in particular seem to play an

gastroprotective activity, since rutin was

important role in ulcerative and erosive

reported to have antiulcer as well as

lesions of the gastrointestinal tract32. Free

antioxidant activity. Quantitative estimation

radicals cause tissue injury through LPO,

showed that the extract is rich in saponin

whereas

have

content. Recently, the saponins isolated

antioxidant enzymes like (SOD, CAT and

from Red Ginseng exhibited wound healing

GSH) that have capacity to protect cells

of burns in mice and promoted angiogenesis

against harmful effect of oxygen derived

via. stimulation of VEGF production35.

free radicals. Pretreatment with EEV (100,

Angiogenesis

200

acceleration of healing of ulcer via. vascular

and

oxygen

carrying

400mg/kg,

p.o)

cells

resulted

in

significant decrease in LPO level. The

play

a

vital

role

in
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endothelial growth factor which play a
36

important role in healing of ulcer .

finding scientifically confirms the traditional
use of E. verticillatum the treatment of
gastric ulcer.

CONCLUSION
In conclusion, the data of the present study
suggested that the ethanolic leave extract of
E.

verticillatum

showed
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EVALUATION OF ANTIBACTERIAL AND ANTIFUNGAL POTENTIAL
OF BAUHINIA VARIEGATA (LINN.) STEM BARK
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P.S.G.V.P. M’s College of Pharmacy, Shahada, Maharashtra
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ABSTRACT
In the present study petroleum ether, chloroform, acetone-water, water extract and
isolated tannin from stem bark of Bauhinia variegata Linn. were investigated at the
concentration of 50 µg/ml, 100 µg/ml and 200 µg/ml for their antibacterial as well as antifungal activities using cup - plate method. The organisms used were Staphylococcus aureus
(Gram positive) and Escherichia coli (Gram negative) for antibacterial activity; and
Candida albicans and Aspergillus niger for anti-fungal activity. The acetone-water extract
and isolated tannin has shown better antibacterial and antifungal activity. The results were
comparable with the standards.
*Corresponding author
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[b,f]

INTRODUCTION
Bauhinia variegata Linn. (Family-

oxepin8,5-hydroxy

7,3',4',5'-tetra-

methoxyflavone 5-O-beta-D-xylopyranosyl-

as

(1-2)-alpha-L-rhamnopyranoside9. A new

Mountain Ebony, Kanchnar, Hong Kong

phenanthraquinone, named bauhinione, has

Orchid Tree, is a medium-sized, deciduous

been isolated from Bauhinia variegata Linn.

tree, available throughout India, ascending

Based on the spectroscopic analysis its

Cisalpiniaceae)

commonly

known

1

to an altitude up to 1800 m in Himalayas .
In Ayurveda, Bauhinia variegata
Linn bark has been widely used in the

structure has been elucidated as 2,7dimethoxy-3-methyl-9,10dihydrophenanthrene-1,4-dione10.

treatment of ulcers, leprosy, tuberculosis,

Tannins are the chief chemical

dysentery, malaria, skin ailments, and as an

constituents present in Bauhinia variegata

antidote to snake poison1, 2, 3. It is also used

stem bark11and tannins exerts antimicrobial

as tonic, tissue-builder and stimulant. In

properties and elicit potent antioxidant

addition to it, this plant has scientifically

activity12, 13.

provenanti-tumor activity in Dalton's ascitic

There is no evidence regarding anti-

lymphoma4, N-nitrosodiethylamine induced

microbial

liver tumors and on human cancer cell

Bauhinia variegata, so there is need to

lines5. The anti-inflammatory activity is

evaluate

attributed

activity of bark of Bauhinia variegata.

due

topresenceofflavonol

and

anti-fungal

anti-microbial

and

activity

of

anti-fungal

glycoside 5, 7, 3’, 4’-tetrahydroxy-3-methoxy7-O-alpha-l-rhamnopyranosyl(1-->3)-O-betagalactopyranoside6.

extract

of

The

stem

immunomodulatory

acetone:

bark

had

shown

activity on

in-vitro

Plant Material
The stem bark of Bauhinia variegata

human neutrophils7.
Phytochemical analysis of the root
bark of Bauhinia variegata Linn showed the
presence of a flavanone (2S)-5,7-dimethoxy3',4'-methylenedioxyflavanone and a new
dihydro-dibenzoxepin,

MATERIALS AND METHODS

water

5,6-dihydro-1,7-

dihydroxy-3,4-dimethoxy-2-methyldibenz

was collected from local areas of Belgaum,
Karnataka, India and authenticated by
Botanical

Survey

of

India,

Pune-1,

Maharashtra, India. Herbaria was prepared
with a specimen voucher number and
deposited in Departmental museum.
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Precipitation of tannins was brought about
by addition of lead acetate to this digested

Preparation of Extracts

solution. The residual portion containing
The stem bark of Bauhinia variegata
was dried in shade at room temperature and
powdered. It was then passed through 40
mesh size. The powder (250 gm) of crude
drug was defatted using petroleum-ether,
further it was subjected to continuous hot
extraction with solvent acetone: water
(70:30), using Soxhlet apparatus, also

tannins was separated by filtration and the
filtrate was discarded. Residue was collected
in water followed by passage of Hydrogen
sulphide (H2S) gas to remove excess of lead
acetate as lead sulphide. The solution was
filtered; residue, which contains excess of
lead acetate, was discarded. The filtrate was
concentrated to get tannins7.

chloroform and water extracts preparation
were carried out using maceration method at

Experimental Procedure

room temperature. The extracts were filtered
and concentrated using Rota evaporator at

In

the

present

study,

the

antimicrobial screening was done by cup-

40°C and the residue was freeze-dried.

plate method. This is one of the methods
official in I.P., where the plant extract is
Phytochemical Tests

diffuses through the nutrient agar media in a

Stem bark extracts of Bauhinia
variegata were separately tested for the
presence
Phenolics,
Phytosterol,

of

Carbohydrates,

Amino

acids,

Flavonoids,

Tannins,

Vitamin

C,

Triterpenoids,

Saponins, Fats and oils14.

Petri-dish or plate. This diffusion was
marked with restricted growth of the
inoculated microorganismsin circular area or
zone around the well (cup) containing the
extract to be tested for its antimicrobial
efficacy. The zones of inhibitions were
measured and the antimicrobial activity is
expressed as zone diameter in millimeters17.

Isolation of Tannins
About 5gm of dried acetone : water
extract of stem bark of Bauhinia variegata
was digested with boiling water for 30 min.

All the extracts of stem bark of
Bauhinia variegata and isolated tannin was
screened for antimicrobial activity against
Staphylococcus aureus (Gram positive) and
Escherichia coli (Gram negative), whereas
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antifungal activity was screened against

equivalent to 100 µg/ml of Benzyl

Candida albicans and Aspergillus niger and

penicillin for antibacterial activity.

the activity was compared with appropriate

2. The concentration of standard equivalent

reference standards.

to 100 µg/ml of Griseofulvin was

Standards

prepared as for anti-fungal activity.

1. Benzyl penicillin for Gram +ve, Gram –ve

Preparation of Inoculum

bacteria
2. Griseofulvin for Fungi

About 28 gm of Nutrient agar
medium (Himedia Labs.) was taken in 1000

Test Organisms

ml of distilled water and boiled to dissolve

1. Bacteria: Staphylococcus aureus(Gram

completely. After being streaked with
microorganisms under aseptic conditions,

+ve) and Escherichia coli (Gram –ve).
2. Fungi: Candida albicans and Aspergillus

the slants were incubated at 37°C ± 1°C for
24 hrs. These 24 hrs cultures were used for

niger.

preparation of inoculum. The suspension of
the microorganisms was prepared in 10 ml
Preparation of Sample Solution

of sterile water and 0.5 ml of this suspension

Different concentrations of prepared
extracts equivalent to 50 µg/ml, 100 µg/ml
and 200 µg/ml were prepared by using

was added to 100 ml of the agar medium.

Culture Medium
Different types of media have been

DMSO.

used according to the types of organisms. In
the present study About 28 gm of Antibiotic

Preparation of Standard Solutions

medium No.5 (Nutrient Agar-Himedia) was
1.

Standard Benzyl penicillin injection

dissolved in freshly prepared distilled water

I.P 10,00,000 units as per I.P, 1 mg of

(1000 ml) by gentle heating.

Benzyl penicillin ≅ 1500-1750 I.U.

Sterilization

Benzyl

penicillin

injection

(I.P)

10,00,000 Units manufactured by IDPL
was used to prepare the standard solution

Sterilization of the medium, tubes for
slants, borer etc. was done by autoclaving at
121˚ C, 15 lbs/square inch pressure for 20
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min. The glassware like syringes, petri-

diameter of the zone of inhibition was

dishes, pipettes, empty test tubes, were

measured and recorded17.

sterilized by dry heat in an oven at a
15,16

temperature of 160°C for 1 hr

.

The zones of inhibition for the
antibacterial and anti-fungal activities of
extracts were calculated by measuring the

Preparation of Agar Plates

inhibitory effect towards the growth of
bacteria and fungus around nutrient agar

The sterilized medium was cooled at
40°C and 0.5 ml of inoculum per 100 ml of
medium was added to the conical flask. This

cup. The results for antibacterial activity
were shown in table1 and anti-fungal was
shown in table 2.

was shaken gently to avoid the formation of
air bubbles and then transferred into petri-

RESULTS

dishes so as to obtain 6 mm thickness of
medium. The medium in the plate was

Phytochemical Investigation

allowed to solidify at room temperature.

The

preliminary

phytochemical

investigation revealed the presence of
EXPERIMENTAL PROCEDURE
The sterile borer was used to prepare
four wells (cups) of 8 mm diameter in each
prepared agar plate. To these wells 0.1 ml of
extracts of each concentration as well as
standard were added with help of a
micropipette. All the plates were kept at
room temperature for effecting diffusion of
drug extracts and standards. Later, they were
incubated at 37±1°C for 24 hrs. The
appearance of definite zones around the
wells indicated antibacterial activity. The

various phytoconstituents in each extracts of
stem bark. They showed the presence of
phytosterol, triterpenoids, fats and oils in
petroleum ether extract , carbohydrates,
tannins,phenolics, amino acids, vitamin C,
flavonoids and, saponins in chloroform
extract,
phenolics,

and

carbohydrates,

vitamin

C,

tannins,

flavonoids

and

alkaloids were present in acetone-water and
water extract.
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Table –1
Antibacterial Screening of Bauhinia variegata Linn Stem Bark
Average Zone of Inhibition in mm
Concentration

Sl.
No.

Sample Name
in µg/ml

Name of Organism
Staphylococcus aureus

Escherichia coli

(Gram +ve)

(Gram –ve)

50
100

10
14

09
13

200

16

17

50
100

10
13

08
12

200
50
100

17
17
20

18
16
19

200

23

21

50
100

16
19

15
17

200

20

19

50

21

20

50
6.
Standard
All values reported as Mean (n=3)

24

25

1.

Petroleum
ether
Extract

2.

3.

Chloroform
Extract

AcetoneWater
Extract

4.

Water
Extract

5.

Isolated
Tannin

Standard = Benzyl penicillin

Indian J. Nat. Prod., 2015, 29(1) 50

Table – 2
Antifungal Screening of Bauhinia variegata Linn Stem Bark

Average Zone of Inhibition in mm
Concentration
Sl. No.

Sample Name

Name of Organism
in µg/ml

1.

Petroleum
ether
Extract

2.

Chloroform
Extract

3.

Acetone-Water
Extract

Candida albicans

Aspergillus niger

50
100

08
12

11
13

200

16

18

50
100

11
15

09
13

200
50
100

19
18
20

17
17
19

200

22

21

50
100

14
16

15
17

200

19

20

4.

Water Extract

5.

Isolated
Tannin

50

21

19

Standard

50

26

24

6.

All values reported as Mean (n=3)
Standard = Griseofulvin
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Fig.1: Antibacterial Activity of Bauhinia variegata Stem Bark Against Staphylococcus aureus
PE= Petroleum ether Extract, CL= Chloroform Extract, AW= Acetone-Water Extract, WE=
Water Extract, IT= Isolated Tannin, STD= Benzyl

penicillin
Fig. 2: Antibacterial Activity of Bauhinia variegata Linn Stem Bark Against Escherichia coli
PE = Petroleum ether Extract, CL = Chloroform Extract, AW = Acetone-Water Extract, WE =
Water Extract, IT = Isolated Tannin, STD = Benzyl penicillin
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Fig. 3: Antifungal Activity of Bauhinia variegata Linn Stem Bark Against Candida albicans
PE= Petroleum ether Extract, CL= Chloroform Extract, AW= Acetone-Water Extract, WE=
Water Extract, IT= Isolated Tannin, STD=Griseofulvin

Fig. 4: Antifungal Activity of Bauhinia variegata Linn Stem Bark Against Aspergillus niger
PE= Petroleum ether Extract, CL= Chloroform Extract, AW= Acetone-Water Extract, WE=
Water Extract, IT= Isolated Tannin, STD=Griseofulvin
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15 and 19 mm for Chloroform extract; 18,

Antibacterial Activity
The zone

of

inhibition

against

Staphylococcus aureus (Gram +ve) was
found to be 10, 14 & 16 mm for Petroleum
ether extract; 10, 13 and 17 mm for
Chloroform extract; 17, 20 and 23 mm for
Acetone-water extract; 16, 19 and 20mm for

20 and 22 mm for Acetone-water extract;
14, 16 and 19 mm for water extract, at conc.
of 50, 100 and 200 µg/ml respectively and
21 mm for isolated tannin at conc. of 50
µg/ml, when compared to standard i.e.
Benzyl penicillin (26 mm) at the conc. of 50

water extract, at conc. of 50, 100 and 200

µg/ml (Table 2 and Fig.3).

µg/ml respectively and 21 mm for isolated

The zone

of

inhibition

against

tannin at conc. of 50 µg/ml, when compared

Aspergillus niger was found to be 11, 13 and

to standard i.e. Benzyl penicillin (24 mm) at

18 mm for Petroleum ether extract; 09, 13

the conc. of 50 µg/ml (Table 1and Fig.1).

and 17 mm for Chloroform extract; 17, 19

The zone

of

inhibition

against

Escherichia coli (Gram –ve) was found to
be 09, 13 and 17 mm for Petroleum ether
extract; 08, 12 and 18 mm for Chloroform
extract; 16, 19 and 21 mm for Acetonewater extract; 15, 17 and 19 mm for water
extract, at conc. of 50, 100 and 200 µg/ml

and 21 mm for Acetone-water extract; 15,
17 and 20 mm for water extract, at conc. of
50, 100 and 200 µg/ml respectively and 19
mm for isolated tannin at conc. of 50 µg/ml,
when compared to standard i.e. Benzyl
penicillin (24 mm) at the conc. of 50 µg/ml
(Table 2 and Fig.4).

respectively and 20 mm for isolated tannin
DISCUSSION

at conc. of 50 µg/ml, when compared to
standard i.e. Benzyl penicillin (25 mm) at
the conc. of 50 µg/ml (Table 1 and Fig.2).

The results indicate that the plant
Bauhinia variegata stem bark possesses
wide

chemical

constituents

wherein tannin was identified as major

Antifungal Activity
The zone

variety of

of

inhibition

against

Candida albicans was found to be 08, 12
and 16 mm for Petroleum ether extract; 11,

constituent. All the extract of stem bark
when subjected to antibacterial activity the
acetone-water

extract

was

clearly

established as potent extract with maximum
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zone of inhibition at 200µg/ml in both

Industrial Products. 4th ed. CSIR, New

Staphylococcus aureus and Escherichia coli

Delhi; 1959. p. 56-57.

compared to standard Benzyl penicillin.

2. Varier PS. Indian Medicinal Plants – A

Similarly, acetone-water extract was clearly

Compendium

recognized

Hyderabad: Orient Longman Ltd; 1994.

as

promising

extract

with

maximum zone against both fungi Candida

of

500

Species.

Vol. 1 p.256-60.

albicans and Aspergillus niger compared to

3. Kurian JC. Plants That Heal. 4th ed.

standard Griseofulvin. Tannins obtained

Pune: Oriental Watchman Publishing

from the stem bark of Bauhinia variegata

House; 1995. p. 82.

Linn also demonstrated comparatively better
antibacterial and antifungal activities. Thus

4. Rajkapoor B, Jayakar B, Murugesh N. J.
Ethnopharmacol. 2003; 89(1):107.

the observed results support the hypothesis

5. Rajkapoor B, Jayakar B, Murugesh N,

that the, strong antimicrobial activity of

Sakthisekaran D. J. Ethnopharmacol.

acetone-water extract of Bauhinia variegata

2006; 104(3):407.

stem bark is due to the presence of tannins.

6. Yadava RN, Reddy VM. Nat. Prod Re.,
2003; 17(3):165.
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HEPATOPROTECTIVE ACTIVITY OF ISOALANTOLACTONE
ISOLATED FROM THE ROOTS OF INULA RACEMOSA (HOOK. F)
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Arumbakkam, Chennai
ABSTRACT

The aim of this investigation was to examine the hepatoprotective activity of
Isoalantolactone (IALT), one of the major lactones isolated from the roots of Inula
racemosa. Its petroleum ether extract earlier being reported with hepatoprotective activity,
IALT has been isolated following cold precipitation of its hexane extract and characterized
by IR, 1H NMR and 13C NMR spectroscopy. In CCl4 induced liver injury in male wistar
rats, at a dose of 100 mg/kg body weight, IALT has brought about significant reduction of
SGOT, SGPT and bilirubin levels relative to positive control. The reduction was
comparable to that of silymarin (10 mg/kg bw). Histopathological changes corroborated
with the altered biochemical marker levels. Reversal of the CCl4 induced pro oxidant status
of liver tissue by quenching the generated free radicals could be the possible action
mechanism of IALT. This is an interesting observation in view of the HDL-C elevating
effect of the parent hexane extract in our earlier study on guinea pigs. Our study has
demonstrated the hepatoprotective activity of the isolated IALT, a sequiterpene lactone
reported with a rich spectrum of biological activity, thus also identifying it as an active
principle of the hexane extract of roots of Inula racemosa.
*Corresponding author
country and local factors. An estimated 1

INTRODUCTION
Liver,

the

of

million people die each year from hepatitis

metabolism and excretion is subject to a

B and its complications 1. In India there is 7-

number of diseases. There are several

8% prevalence of hepatitis B and 2-3% of

causative

disorders,

hepatitis C in the general population 2. 25-

predominance of which varies according to

30% of Indians have fatty liver disease with

factors

principal

of

liver

organ
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chances of 8-10% of them developing liver
3

fraction of the root, of which alantolactone

damage and liver failure . Except for the

(ALT)

use of appropriate vaccine for the treatment

occurring in a ratio of 4: 6, are the major

of hepatitis caused by viral infection, there

alantolides. ALT and IALT are known to

are no effective cures for liver diseases.

exhibit

Herbal medicines have been used to treat

anthelmintic,

liver disorders for thousands of years in

and

isoalantolactone

antioxidant

10

,

(IALT),

antibacterial,

anti-inflammatory

and

11

anticancer activities .

India and today, internationally they have

In view of the broad spectrum of

become a promising therapy for pathologic

activities attributed to sesquiterpene lactones

liver conditions 4.

in general, ALT and IALT are actively

Inula

racemosa

Hook.

f.

investigated both in relation to chemical

(Asteraceae),

commonly

known

as

properties and biological activity. Reports

‘pushkarmool’,

administered

orally

for

on the hepatoprotective effect of the

inflammatory

petroleum ether extract of the dried roots

rheumatic

pains

and

12

conditions of the liver. Also applied

and of ALT

externally as a paste or liniment to relieve

liver microsomal inhibitory activity in vitro

pain5,

13

the

root

powder

enhances

in vivo is in contrast to its

. Considering the ethnomedical usage of

prostaglandin-like activity in isoproterenol-

the root in inflammatory conditions of the

induced myocardial ischaemia in rabbits 6.

liver, this study thus aimed at investigating

The aqueous extract is reported for its anti-

the influence of the other major lactone,

anginal, hypoglycaemic and anti-asthmatic

IALT in CCL4 induced liver injury in vivo.

activity.

Hepatoprotective

7

, negative

ionotropic and chronotropic activity of the
petroleum ether extract

8

have also been

reported. Our group had earlier reported the
anti atherosclerotic activity of the alcohol
and hexane extract in male Hartley guinea
pigs

9

.

The latter extract also showed

significant elevation of HDL-C in this study.
Several sesquiterpene lactones have
been isolated from the hexane soluble

MATERIALS AND METHODS
Authenticated

roots

of

Inula

racemosa were obtained from Sowa-Rigpa
(Amchi) Research Centre (Leh, J&K).
Voucher specimens were deposited in the
herbarium of Faculty of Pharmacy, Sri
Ramachandra

University

(No:

IR/17/23.05.05). Silica gel 60F254 precoated
TLC plates and CCL4 were from E Merck
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(Mumbai) and Silymarin was purchased

overnight. A colorless crystalline solid that

from M/s Ranbaxy laboratories (New

precipitated, was recrystallised from hexane.

Delhi). SGOT, SGPT and Serum Bilirubin

It tested positive in Noller’s test for

levels

Autozyme

terpenes, gave on TLC, a single spot of Rf

Kit

from

0.53 in toluene: ethylacetate (19:1) and had

Accurex Bio Med Pvt Ltd., (Mumbai). All

a melting point of 107° C matching the

other chemicals of analytical grade were

literature value reported for isoalantolactone

purchased

14

were

Commercial

estimated
Enzyme

from

by

Assay

reputed

commercial

suppliers.

The

compound

isolated

(yield

–

7.8%w/w) was subjected to spectroscopic

The study was approved by our
Institutional

.

Animal

Ethics

Committee

characterization on ALPHA FT-IR (Bruker
optic,

GmbH

–Ettlinger,

Germany)

(CPCSEA registration No: 189/CPCSEA

Spectrophotometer equipped with a versatile

dated, 22/5/2000. Approval no: IAEC

high throughput ZnSe ATR crystal, using

XIV/SRU/98/2008). Adult male Wistar rats

OPUS software version 6.5. 1HNMR and

were obtained from Centre for Toxicology

13

and

Sri

AV- 300 supercon NMR system at 300 and

Ramachandra University, Chennai. They

75 MHz respectively with CDCl3 as solvent

were housed in polypropylene cages at

and TMS as internal solvent.

Developmental

Research,

CNMR spectra were recorded on a Bruker

The spectral assignments are as

ambient temperature and were fed water and
pellet diet (Hindustan Lever Ltd., Mumbai)

follows.

ad libitum.

IR νmax cm-1: 2929, 2836 (C-H stretching),
1761 (α, β- unsaturated γ- lactone), 1647 (-

Isolation of Isoalantolactone
The procured dried roots were further
shade dried for 4 days, powdered and
successively cold macerated to exhaustion
with hexane. The combined filtrate was
concentrated in a rotary vacuum evaporator
to yield a yellowish fragrant crystalline
extract – IrH (3.88% w/w). 50 g was
dissolved in hexane and allowed to stand

C=CH2), 1414 (-C=CH2, δ C-H in plane),
1374, 1334, 1264 (C-O of lactone), 1139,
1103, 1036, 1013, 965, 891 (-C=CH2, δ CH). 1H NMR (δ, CDCl3, 300 MHz)

0.81

(3H, s, C-10), 2.95 (1H, m, H-7), 4.41 and
4.74 (1H each, brs, C-4 – methylene), 4.48
(1H, m, H-8), 5.59 and 6.09 (1H each, brs,
H-13)

13

C NMR (δ, CDCl3, 75 MHz)

32.7

(C-1), 22.6 (C-2), 39.4 (C-3), 148.8 (C-4),
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46.1 (C-5), 27.4 (C-6), 40.5 (C-7), 76.7 (C-

commercial enzyme assay kit on a semi auto

8), 41.3 (C-9), 34.2 (C-10), 170.5 (C-11),

analyzer

142.2 (C-12), 119.9 (C-13), 106.5 (C-4

instructions.

methylene), 28.5 (C-10, Me).

sacrificed under light ether anaesthesia,

The

animals

were

then

livers dissected out, washed in saline and

similar to values reported in literature for

stored in 9% formalin for histopathological

IALT

assignments

The

manufacturer’s

being

[5]

spectral

following

, the identity of the compound is

confirmed as Isoalantolactone.

studies. They were embedded in paraffin,
sectioned (5µM), stained with haematoxylin
and eosin before observation under Nikon
eclipse

Effect on CCl4 Induced Hepatotoxicity
The minimal lethal dose of IALT is
2g/kg body weight15. For the evaluation of
hepatoprotective activity of IALT in CCl4
induced hepatic injury model

16

, 24 adult

male wistar rats (140-200 g) were divided
into 4 groups of 6 animals each. IALT and
standard drug silymarin were suspended in
1.5%w/w sodium carboxymethyl cellulose
in distilled water. Group I which received
1ml/kg bw vehicle, on all 5 days of
experimentation served as normal control.
Group II, the CCl4 control received, 2 ml/kg
CCl4 in olive oil (1:1) i.p on day 4, when

TE

2000S

imaging

system.

Photomicrographs of representative sections
were

taken.

Results

obtained

for

Biochemical parameters were expressed as
mean ± SEM. The data was quantified and
analyzed

using

Medcalc

software.

Comparisons between treatments were made
by

one-way

ANOVA

with

post-hoc

comparisons of the means with that of
control made by Dunnetts test. A statistical
probability

of

p<0.05

was

considered

significant.

RESULTS AND DISCUSSION

group I animals got 2ml/kg olive oil. Groups

Plasma levels of marker enzymes are

III and IV received respectively 100 mg/kg

presented in Table 1. CCl4 administration in

of IALT and 10 mg/kg of silymarin on all

Group II has brought about an increase in

the 5 days in addition to 2 ml/kg CCl4 in

SGOT, SGPT and Bilirubin levels relative to

olive oil i.p on day 4. On day 6 blood was

normal control. This is indicative of

collected from the retro orbital plexus and

metabolic leakage of the marker enzymes as

serum separated. SGOT, SGPT and Serum

a consequence of loss of functional integrity

Bilirubin

of cell membrane due to hepatocelluar

levels

were

measured

by
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necrosis

17

. IALT administration decreased

A

widely

used

experimental

levels of these enzymes in a significant

hepatotoxicant CCl4 is biotransformed by

manner (P<0.001), similar to silymarin

cytochrome P-450 enzyme system of liver

treated Group IV, indicating recovery from

cells to form trichloro methyl free radical

hepatocellular damage. IALT pretreatment

which binds covalently to neighbouring

has prevented the metabolic leakage due

proteins and lipids. This causes peroxidative

CCl4 generated free radical damage to

degradation

membrane lipids. Dunnett’s post testing of

endoplasmic

means indicated silymarin to be a more

polyunsaturated

effective hepatoprotective relative to IALT

products like malondialdehyde that cause

at P<0.001.

damage to the membrane. Transaminase

The biochemical changes are well

of

membrane

lipids

of

reticulum

rich

in

fatty acids

leading to

enzymes like Serum Glutamate Oxaloacetate

corroborated by the histomorphological

Transaminase

studies (Fig 1). While liver section from the

Glutamate Puruvate Transaminase (SGPT)

vehicle treated Group I showed normal

which are originally present in higher

hepatocyte morphology (A), hepatotoxicity

concentration in cytoplasm leak out through

induced by CCl4 is manifested in marked

the damaged membranes, elevating serum

centrilobular fatty degeneration indicated by

level in conformity with the extent of liver

steatosis in sections from group II (B).

damage.

Visible necrotic areas, vesicular changes

degradation of biomembranes is one of the

with

of

principle causes of hepatotoxicity of CCl4. It

sinusoids are indicative of hepatocellular

produces an experimental liver damage that

damage. Silymarin treated group V showed

histologically resembles viral hepatitis

normal hepatocyte morphology (C) pointing

SGOT, SGPT and serum bilirubin are the

at complete recovery from free radical

most sensitive indicators of liver damage.

associated hepatocyte degeneration. Sections

Measurement of serum or plasma levels of

from IALT treated groups show minimal

these enzymes has thus provided a powerful

damage (D) and appear normal despite focal

tool for studies of hepatotoxicity. When

fatty degeneration. Signs of regeneration are

there is alleviation of hepatic injury to a

evidenced by the presence of mitotic nuclei

considerable extent, it is reflected by the

indicating recovery from oxidative assault.

ability of the test extract to lower the

congestion

and

exacerbation

(SGOT)

and

Serum

Enhanced lipid peroxidative

18

.
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Table – 1
Plasma levels of marker enzymes in various treatment groups
[values expressed as mean± SEM (n= 6)]
Group/treatment

SGOT (IU)a

SGPT (IU)b

Bilirubin (mg/dl)c

I-Normal control

109.4±6.48

56.6±3.78

0.34±0.017

II- Positive control

253.8±7.1

115.8±8.06

1.64±0.06

III- IALT treated

117.1±1.56

74.9±9.48

0.61±0.02

IV- Silymarin treated

110.7±0.96

62.1±0.76

0.45±0.01

Data were analyzed using one way ANOVA followed by posthoc test
a

P <0.001, b P <0.001, c P <0.001 significant with respect to positive control
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A

B

C

D
Fig. 1: Representative sections of liver from treatment groups, (H&E)

A.Vehicle treated control (x10) Normal hepatocyte morphology, B. CCl4 control (x 10), Fatty
changes, insert showing ballooning degeneration, C - Silymarin treated (x 10) - signs of
regeneration and recovery from CCl4 induced necrosis, some cells with ballooning degeneration
still seen, D-IALT treated (x10) normal hepatocytes despite focal fatty changes, insert showing
mitotic double nuclei (black arrow) indicating recovering hepatocytes

Indian J. Nat. Prod., 2015, 29(1) 63

elevated serum enzymes levels resulting

This is an interesting observation in view of

from the administration of CCl4 alone i.e

the HDL elevating effects of the parent

antihepatotoxic activity. Preventive effect of

extract IrH in guinea pigs. In conclusion, our

IALT against CCl4 induced liver damage is

study demonstrates the significant hepato

thus an indicator of its liver protective

protective effect of IALT, its anti oxidant

ability.

influence being suggested as the possible
Histomorphological studies showed

action mechanism. These findings suggest

that IALT has initiated recovery and

that IALT is an active principle mediating

alleviation of the hepatic injury resulting

the

from

administration

of

i.e.,

CCl4

demonstrating hepatoprotective activity.

hepatoprotective

effects

of

Inula

racemosa. The isolated sequiterpene lactone
needs to be further explored in relation to

The mitigation of CCl4 induced

this activity.

peroxidative damage to membrane lipids by
IALT also establishes its anti oxidant effect.
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ABSTRACT

Centella asiatica is widely used plant as a traditional medicine for treatment of urolithiasis.
To establish the scientific validity of the antiurolithiatic property of Centella asiatica (CA)
ethanolic extracts using ethylene glycol induced hyperoxaluria model in rats. The ethanolic
extracts of Centella asiatica (CA) were administered to nephrolithiasic treated rats at the
dose of 200 mg/kg b.w. in curative regimen (from 15th till 28th day) and prophylactic
regimen (from 1st day till 28th day). Body weight, kidney weight, serum level of creatinine
and uric acid, and calcium, phosphate and oxalate content in urine and kidney homogenate
were determined. Both the regimens of Centella asiatica (CA) showed significant results.
The prophylactic regimen exhibited highly significant anti-lithiatic activity and this activity
may be due to terpenoids and saponins present in the extract. This research supports the
ethno-medicinal use of Centella asiatica for the treatment of urinary stones.
*Corresponding author
calculi but scientific evidence for their

INTRODUCTION
Urolithiasis, one of the most painful

efficacy is less convincing [2]. Currently,

ailments of the urinary tract disorder, has

the medical management of urolithiasis

beset humans from centuries. Calcium

mainly

oxalate (CaOx) is the primary constituent of

extracorporeal

the majority of stones formed in the urinary

(ESWL) and percutaneous nephrolithotomy,

system of patients with urolithiasis [1].

however the possibility of acute renal injury,

Various

decreased renal function and increase in

therapies

including

thiazide

diuretics and alkali-citrate are being used in

involves

techniques

shockwave

like

lithotripsy

stone recurrence always remains [3,4].

of

Medicinal plants have played a

hypercalciuria- and hyperoxaluria-induced

significant role in various ancient traditional

attempt

to

prevent

recurrence

systems of medication. Even today, plants
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provide a cheap source of drugs form a

been published which supports their claimed

majority of world’s population [3]. Centella

ethnomedicinal use. Therefore, this study

asiatica

(Apiaceae)

was aimed to establish the scientific validity

(commonly known as Manukaparni) is a

for the antiurolithiatic property of Centella

prostrate, faintly aromatic and profusely

asiatica ethanolic extracts using ethylene

branched perennial herb. Moreover, it is

glycol induced hyperoxaluria model in rats

considered to be a panacea drug which is

[33].

(Linn)

Urban

capable of rejunevating the system thus
enabling to live for ages. A number of
biological actions have been claimed for
Centella asiatica which includes anti-ulcer

MATERIALS AND METHODS
Plant Material

[18], ageing protective [19], anti –tumour

The plant of Centella asiatica (CA)

[20], adaptogenic [21], cytoprotective [22],

was collected from Bangalore Agricultural

anti-inflammatory [23], anti malarial [24],

University, Bangalore, Karnataka, India and

anti –mycobacterial [25], anti oxidant [26],

authenticated at Department of AYUSH,

anti psoriatic [27], anxiolytic [28], cognitive

Ministry of Health and Family Welfare,

[29], UV protective [30] and wound healing

Government of India, Tamilnadu by Dr S.

activity [31]. Major bioactive constituents of

Rajan.

the

plant

are

triterpenoid

saponin

madecassoside and asiaticoside and their

Preparation of Extract

aglycones asiatic acid and madecassic acid,

The plant was dried in shade and

asaticoside B, brahminoside, brahmoside,

then

centelloside, indcentelloside, thankuside and

powdered form of plant was weighed and

isothankuside, triterpenoid acids brahmic

kept in airtight plastic bag at room

acid, isobrahmic acid, betulic acid, flavonoid

temperature. Then, it was extracted directly

glycosides,

by soxhletion using 95 % w/w ethanol [35].

3-glycosylquercetiin

and

3-

glycosylkaempferol [32].
The

effectiveness

grounded

to

powder

form. The

The yield of alcoholic extract of Centella
of

Centella

asiatica (AlcE.CA) was found to be 9 %.

asiatica in the treatment of urinary stones

The extract was dissolved in distilled water

has been reported in indigenous system of

(10

medicine, however, no scientific data has

pharmacological studies.

mg/ml)

and

used

for

further
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dose (LD50) was taken as an effective dose

Phytochemical Screening
The extract was screened for various
phytoconstituents

and

quantified

for

asiaticoside using respective solvent systems
and detection wavelengths. Asaiticoside was

[37].

Ethylene

Glycol Induced Urolithiasis

Model [38]
Ethylene

estimated using n-butanol: ethyl acetate:

glycol

induced

water (4:1:5) upper layer and detected under

hyperoxaluria model was used to assess the

366 nm after derivitising with anisaldehyde

antilithiatic activity in albino rats. Animals

sulphuric acid reagent.

were divided into seven groups containing
six animals per group. Group I served as

Pharmacological

Screening

for

Anti-

drinking water ad libitum. Ethylene glycol

Urolithitic Activity

(0.75%) in drinking water was fed to Groups

Experimental Animals
All

procedures

control and received regular rat food and

II–V for induction of renal calculi till 28th
were

done

in

day.

Group

III

received

standard

accordance with Ethical guidelines for care

antiurolithiatic drug, cystone (750 mg/kg

and use of Laboratory Animals and were

body weight) from 15th day till 28th day

approved by Institutional Animal Use Ethics

[39]. Group IV received Alc.E (200 mg/kg

Committee at JSS College of Pharmacy,

b. w) of CA from 15th day till 28 th day and

Ooty.

served as curative regimen. Group V
received AlcE (200 mg/kg) of CA from 1 st

Acute Toxicity Studies

day till 28th day and served as preventive

The acute oral toxicity study [36]
was carried out as per the guidelines set by
Organization for Economic Cooperation and
Development

(OECD)

received

from

Committee for the Purpose of Control and

regimen. All extracts were given once daily
by oral route. Each animal was weighed
initially and finally during the experimental
period and observed daily for clinical signs
and mortality.

Supervision of Experiments on Animals
(CPCSEA). One-tenth of the median lethal

Assessment of Antiurolithiatic Activity
Body Weight of Rats
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The body weight of each rat was

was preserved in 10% neutral formalin. The

estimated initially and finally during the

kidneys were dried at 80 0C in a hot air oven

experimental period. The percentage change

and weighed. A sample of 100 mg of the

in the body weight was calculated.

dried kidney was boiled in 10 ml of 1N
hydrochloric

Collection and Analysis of Urine [38]

homogenized.

All animals were kept in individual
metabolic cages and urine samples of 24 h
were collected on 28th day. Animals had
free access to drinking water during the
urine

collection

period.

A

drop

acid

of

concentrated hydrochloric acid was added to
the urine before being stored at 4 0C. Urine
was analyzed for calcium [40], phosphate
[41] and oxalate [42] content.
Serum Analysis [38]

for

The

30

min

homogenate

and
was

centrifuged at 2000×g for 10 min and the
supernatant was separated. The calcium
[40], phosphate [41] and oxalate [42]
content

in

kidney

homogenate

were

determined.
Statistical Analysis
Results are expressed as mean
±S.E.M. Statistical analysis of the data was
performed

with

one-way

analysis

of

variance (ANOVA) (Graph Pad Prism
version 3.00, USA), followed by Tukey’s

After the experimental period, blood
was collected from the retro-orbital under
anesthetic conditions and animals were
sacrificed by cervical decapitation. Serum

multiple

comparison

test.

Significant

differences were indicated by P values lower
than 0.05.
RESULTS

was separated by centrifugation at 10,000×g
for 10 min and analyzed for uric acid

From the acute toxicity study, the

(Muller and Seifert method) and creatinine

LD50 cut-off dose was found to be 2000

(Jaffe alkaline picrate method).

mg/kg body weight and therefore, the
therapeutic dose was taken as 200 mg/kg

Kidney Homogenate Analysis [38]

body weight. In the present study, chronic

The abdomen was cut open to

administration of 0.75% (v/v) ethylene

remove both kidneys from each animal.

glycol aqueous solution to male wistar rats

Isolated kidneys were cleaned with ice cold

resulted in hyperoxaluria. A tremendous

saline solution and weighed. After that, it

increase in calcium, oxalate and phosphate
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Table - 1
Table showing effect of various groups on urinary parameters in anti-urolithitic activity
Groups

Control (Group I)
Untreated (Group II)
Cystone (Group III)
CRCA (Group IV)
PRCA (Group V)

Dose
Oxalate
Con (mg/ml)
0.48±0.003
3.9±0.015
750mg/kg 0.61±0.008*a
200mg/kg 2.59±0.045*a*b
200mg/kg 1.57±0.03*a*b

Urine parameters
Calcium
Inorganic phosphorous
conc (mg/ml)
conc (mg/ml)
1.47±0.006
3.84±0.007
4.86±0.018
7.6±0.004
*a
1.69±0.006
3.87±0.05*a
2.73±.015*a*b 4.7±.005*a*b
2.34±0.02*a*b 4.21±0.013*a*b

Superscript a, b comparisons with untreated and cystone groups. Superscripts *statistical
significance at p <0.001. (One way ANOVA and post hoc comparison by Tukey’s multiple
comparison test, IRRISTAT version 3.0).
CR: Curative regimen; PR: Preventive regimen

Table - 2
Table showing effect of various groups on kidney parameters in anti-urolithitic activity
Groups

Dose

Oxalate
conc(mg/g)
Control (Group I)
2.05±0.011
Untreated (Group II)
5.9±0.012
Cystone (Group III) 750mg/kg
2.2±0.01*a
CRCA (Group IV)
200mg/kg 2.78±0.03*a*b
PRCA (Group V)
200mg/kg 2.51±0.006*a*b

Kidney parameters
Calcium
Inorganic phosphorous
conc(mg/g)
conc(mg/g)
3.39±0.014
2.54±0.009
5.08±0.06
3.95±0.003
*a
3.6±0.004
2.75±0.004*a
*a*b
4.43±0.021
3.3±0.015*a*b
4±0.05*a*b
3.14±0.02*a*b

Superscript a, b comparisons with untreated and cystone groups. Superscripts *statistical
significance at p <0.001. (One way ANOVA and post hoc comparison by Tukey’s multiple
comparison test, IRRISTAT version 3.0).
CR: Curative regimen; PR: Preventive regimen
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Table - 3
Table showing effect of various groups on serum parameters in anti-urolithitic activity
Groups

Dose

Control (Group I)
Untreated (Group II)
Cystone (Group III)
CRCA (Group IV)
PRCA (Group V)

750mg/kg
200mg/kg
200mg/kg

Serum parameters
Uric acid(mg/dl) Creatinine(mg/dl)
1.61±0.015
0.8±0.008
3.72±0.02
0.96±0.006
1.78±0.03*a
0.81±0.006*a
2.3±0.01*a*b
0.91±0.006*a*b
*a*b
2.0±0.03
0.91±0.004*a*b

Superscript a, b comparisons with untreated and cystone groups. Superscripts *statistical
significance at p <0.001. (One way ANOVA and post hoc comparison by Tukey’s multiple
comparison test, IRRISTAT version 3.0). CR: Curative regimen; PR: Preventive regimen

Table - 4
Table showing effect of various groups on body weight and kidney weight in anti-urolithitic
activity
Groups
Control (Group I)
Untreated (Group II)
Cystone (Group III)
CRCA (Group IV)
PRCA (Group V)

Change in body
weight (%)
13.2±0.8
-6.5±0.6
9.5±0.4*a
8.5±0.8*ab
7.2±0.6*a*b

Kidney weight Kidney/body weight ratio
(%)
0.525±0.025
0.14±0.001
1.05±0.035
0.3±0.001
*a
0.545±0.015
0.17±0.003
*ab
0.55±0.02
0.18±0.0015
0.56±0.04*ab
0.19±0.0013

Superscript a, b comparisons with untreated and cystone groups. Superscripts *statistical
significance at p <0.001. (One way ANOVA and post hoc comparison by Tukey’s multiple
comparison test, IRRISTAT version 3.0).
CR: Curative regimen; PR: Preventive regimen.
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excretion was observed in calculi induced

observed with CRCA, which was not able to

animals (Table 1, Group II). However,

bring about much change in the serum uric

administration

of

acid level. But for creatinine, only BM (both

Centella asiatica significantly (P<0.001)

PR and CR) showed significant reduction in

lowered the elevated levels of oxalate,

serum creatinine levels (Table 3).

of

ethanolic

extract

calcium and phosphate in urine

in both

The stone inducing regimen caused a

curative as well as prophylactic regimens as

significant loss in the body weight of the

compared to the cystone treated animals

untreated group (P>0.001), whereas, there

(Table 1, Group III).

was a net gain in the body weight of the

The

deposition

of

crystalline

components namely oxalate, calcium and

animals receiving Centella asiatica.
Kidneys

excised

from untreated

phosphate in the renal tissue, was increased

group were larger and heavier than the

in the stone forming rats (Table 2, Group II).

control animals (p<0.001), whereas the

The alcoholic extract of Centella asiatica

administration of both preventive as well as

treatment significantly (P<0.001) reduced

curative regimen significantly decreased the

the renal content of the stone forming

weight of kidney to normal values (Table 4).

constituents in both regimens (Table 2).
Lithogenic

treatment

caused

impairment of renal functions of untreated
rats as evident from the markers of
glomerular and tubular damage such as
raised serum uric acid and serum creatinine.
The data indicates that the serum uric acid
and creatinine were remarkably increased in
the untreated group (Table No 3, P<0.001,
P<0.001). The administration of preventive
regimen of BM restored uric acid value to
normal value when compared with the
control. The serum uric acid levels with
PRCA and CRBM were comparable and
were found to be more significant than

DISCUSSION
Urinary stone disease is primarily the
result of supersaturation of urine with
certain urinary salts such as CaOx which is
the most common constituent of kidney
stones [43]. Many in vivo models have been
developed to understand the mechanisms
involved in the formation of urinary stones
and to evaluate the effects of various
therapeutic agents on development and
progression of the disease [22, 24]. Rat is
the most frequently used animal to induce
calcium oxalate deposition in kidneys and in
the present study also, male rats were
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selected to induce urolithisais due to the

Preventive

resemblance of urinary system of male rats

significantly lowered the levels of oxalate as

with that of humans [44]. Accordingly, we

well as calcium excretion. This observation

evaluated the effectiveness of medicinal

can be attributed to the presence of

plant Centella asiatica both in preventive as

triterpenes in Centella asiatica (CA) which

well as curative regimen, on rats rendered

have a role in increasing urinary volume and

nephrolithisasis

of

thus result in reduction in calcium oxalate

ethylene glycol. Infact, this plant has been

supersaturation in the urine. CA contains

widely used by tribals in the treatment of

triterpenoids

kidney stone formation as an antilithiasic

Asiaticoside [32]. These triterpenes also act

and as a diuretic agent.

by inhibiting some steps of oxalate synthesis

by

administration

In the present study, oxalate and
calcium

excretion

are

progressively

increased in calculi-induced animals (Group

and

Curative

Regimen

Madecassoside

and

from glycolic acid and thus, may have a
significant role in reducing risk of calcium
oxalate nephrolithiasis [34].

II). Since it is accepted that hyperoxaluria is

An increase in urinary phosphate is

a far more significant risk factor in the

observed in calculi induced rats (Group II).

pathogenesis

than

Increased urinary phosphate excretion along

hypercalciuria, the changes in urinary

with oxalate stress seems to provide an

oxalate levels are relatively much more

environment appropriate for stone formation

important than those of calcium [34].

by forming calcium phosphate crystals,

Increased urinary calcium is a factor

which epitaxially induces calcium oxalate

favouring the nucleation and precipitation of

deposition [25]. Treatment of CA ethanolic

calcium

extract

of

oxalate

renal

or

stones

apatite

(calcium

phosphate) from urine and subsequent
crystal

growth

[19].

restores

phosphate

level,

thus

reducing the risk of stone formation.

Moreover,

The

drugs

which

induce

hyperoxaluria is probably related to the

nephrotoxicities are often associated with

shunting of glycolic acid to oxalate synthesis

marked elevations in serum uric acid and

[22] and this fact, combined with increased

acute tubular necrosis [45]. In urolithiasis,

urinary

the

calcium,

leads

to

their

glomerular

filtration

rate

(GFR)

supersaturation in urine and finally causing

decreases due to the obstruction to the

stone formation. However, treatment with

outflow of urine by stones in urinary system.
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Due to this, the waste products, particularly

effect of triterpenes and saponins present in

nitrogenous

CA.

substances

such

as

urea,

creatinine and uric acid get accumulated in

CONCLUSION

blood. Also, increased lipid peroxidation
and decreased levels of antioxidant potential
have been reported in the kidneys of rats
supplemented with a calculi-producing diet
[21,22]. In this context, oxalate has been
reported to induce lipid peroxidation and to
cause renal tissue damage by reacting with
polyunsaturated

fatty

acids

in

cell

membrane. In this study also ethylene glycol
induced nephrotoxicity was characterized by
marked elevation of serum creatinine and
serum uric acid. However, the treatment
with ethanolic extract of CA significantly
lowered the serum levels of accumulated
waste products and thus, prevented the

The presented data indicate that
administration of ethanolic extracts to rats
with

ethylene

glycol

induced

lithiasis

reduced and prevented the growth of urinary
stones, thus supporting folk information
regarding antiurolithiatic ability of the plant.
The mechanism underlying this effect and
the active constituents which differentiate
among these drugs is still unknown but is
apparently related to the increased diuresis
and lowering of urinary concentrations of
stone forming constituent. These effects
could conclude the anti-urolithitic activity of
CA.
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Short report
ANTIOXIDANT AND ANTIMICROBIAL ACTIVITY OF ALCOHOLIC
EXTRACTS OF LEAVES AND ROOTS OF CASSIA OCCIDENTALIS LINN.
Sushma Rani*, Satish Sardana1
*Department of Pharmacy, JJT University, Jhunjhnu, Rajasthan. India
1

Hindu College of Pharmacy, Sonepat, Haryana. (INDIA)

ABSTRACT
The aim of present study was to evaluate and compare the antioxidant and
antimicrobial activities of alcoholic extracts of leaves and roots of Cassia occidentalis Linn.
Antimicrobial activity was performed by disc diffusion method and quantitatively assessed
on the basis of diameter of zone of inhibition. The antioxidant activity was performed using
DPPH radical scavenging and reducing power assay methods. The total Phenolic and
flavanoid contents were also determined. From the results obtained, it is concluded that
alcoholic extract of roots of C. occidentalis exhibits better antioxidant and antimicrobial
activities compared to that of leaf extract; which is due to presence of more flavanoid and
phenolic contents.
*Corresponding author
INTRODUCTION

and Bari Kasaundi. In Haryana, it grows

Cassia Linn. (Family - Caesalpiniaceae) is a

widely immediately after the rains and starts

large tropical genus with about 600 species

disappearing in the beginning of cold

of herbs, shrubs, under shrubs and trees.

weather. This plant possesses purgative,

Most of the plants of this genus are well

antifungal, anti-inflammatory, anticancer,

known in Indian System of Medicine and

antidiabetic, hepatoprotective activity and is

many compounds of medicinal importance

also useful in skin diseases. A number of

1

have been reported .
Cassia occidentalis L. is an annual

chemical compounds have been isolated
from this plant such as

herb or under-shrub which is used for

emodin,

variety of purposes in indigenous and

apigenin, campesterol, cassiollin, chryso-

folklore medicines2. In India it is known by

obtusin, chrysophanic acid, chrysarobin,

its various vernacular names, the most

chrysophanol, flavanoids etc.

commonly used are - Kasamarda, Kasaundi

anthraquinones,

aloe-emodin,
anthrones,
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In living organisms, free radicals are

reduced the mortality rate in infectious

the by-products of basic metabolic process

diseases. Wide and indiscriminate use of

called oxidation and play an important role

antibiotics, in the treatment of infectious

in our body defence mechanism such as

diseases, has led to emergence of resistant

killing invading microorganisms. These are

strains that has become a serious threat to

kept

enzymatic

control infections, worldwide. Thus, there is

produces

a continuous need to develop newer

endogenously which includes superoxide

antimicrobial compounds from alternate

dismutase,

sources.

under

control

antioxidants

that

the

catalyse

by
body

and

glutathione

peroxidase. Normally in our body there is a

In the present study alcoholic extract

balance between the production and removal

of leaves and roots of Cassia occidentalis

of these free radicals, but some external

Linn. was investigated and compared for its

factors such as air pollution, smoke, fat-rich

antioxidant and antimicrobial activities.

diet increase production of these free
radicals. This imbalance leads to oxidative
stress. This oxidative stress causes tissue
damage and is involved in pathogenesis of
many diseases like diabetes, cancer, aging,

MATERIAL AND METHODS
Plant Material and Extraction
Fresh

roots

and

leaves

of

C.

neurodegenerative

occidentalis were collected from healthy

disorders. Antioxidants play an important

plants alongside GT road in Sonepat district,

role in preventing oxidative stress mediated

Haryana, India, and authenticated by Dr.

disorders either by scavenging or preventing

H.B. Singh, Scientist and Head, Raw

generation of ROS3.

Materials

Herbarium

occurring

NISCAIR,

DELHI

flavanols,

specimen

cardiovascular

and

Some
compounds

naturally
like

flavanoid,

with

number,

and
the

Museum,
Voucher
NISCAIR/

flavones and phenolics present in plants act

RHMD/Consult/2012-13/2044/53The

as antioxidant and have potential for

leaves and roots after collection were shade

antibacterial and antifungal effects. In pre-

dried and powdered to get a coarse powder

antibiotic era, microbial infections were one

of 40 mesh size and stored in air tight

of the common causes of death but

containers for further use.

discovery of antibiotics have significantly
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Alcoholic extracts were prepared

Total phenolic content of COL and COR

using soxhlation. The extracts were filtered

was determined using Folin ciocalteau

0

and concentrated under vacuum at 40 C

colorimetric method as described by Barku

using rotary evaporator. The resultant crude

et al., previously described by McDonald.

extracts were dried in desiccator and stored

Catechin

in refrigerator till further use. These were

preparation

abbreviated as COL (Alcoholic extract of

determinations were carried out in triplicate

leaves of Cassia occidentalis) and COR

and the results are expressed as mean values

(Alcoholic extract of roots of Cassia

± SEM. The total phenolic content was

occidentalis) respectively.

calculated from the regression equation y=

was
of

used

as

calibration

standard

for

curve.

All

0.002x+0.052(R2=0.997) and expressed as
Catechin equivalent in mg/g of dry extract.

Chemicals
1,1-Diphenyl-2-picryl

hydrazyl

(DPPH) and ascorbic acid were purchased

Estimation of Total Flavanoid6

from Sigma Aldrich Co., Rutin and catechin

Total flavonoid content of COL and

from Yucca enterprises, Nutrient broth /

COR

agar and Saboraud dextrose broth/agar from

Aluminium chloride colorimetric method

Hi- Media. All other chemicals and solvents

described by Kim et al. The Rutin was used

used were of analytical grade.

as standard for preparation of standard

was

determined

according

to

curve. All estimations were carried out in
Preliminary Photochemical Screening

4

COL and COR were subjected to
chemical tests for the presence of different
phytoconstituents

such

as

alkaloids,

glycosides, flavanoids, tannins, amino-acids,
proteins, saponins, carbohydrates, fixed oil

triplicate and the results are expressed as
mean values ± SEM. The total flavanoid
content was calculated from the regression
equation y= 0.001x+0.0000 (R2=0.996) and
expressed as Rutin equivalents (REQ) in mg
/ g of dry extract.

and fats.
Antioxidant Activity
Estimation of Total Phenolic Content5

The antioxidant activity of COL and
COR was determined using DPPH free
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radical scavenging and reducing power
assay methods.

The reducing power of extract was

α, α - Diphenyl-β-Picryl-Hydrazyl Radical
7

Scavenging (DPPH) Assay Method

activity was measured by the method of
McCune et al. The reaction mixture (3.0 ml)
consists of 1.0ml of DPPH in methanol (0.3
mM), 1.0 ml of the extract (concentration
100 to 1000 mcg/ml in alcohol) and 1.0 ml
of methanol. Absorbance of reaction mixture
was measured at 517nm after incubation in
dark

for

30

minutes

against

corresponding blank samples without DPPH
using

UV‐Visible

determined according to the method of
Oyaizu. Different concentrations of extracts

The DPPH free radical scavenging

the

Reducing Power Assay Method8

Spectrophotometer

(Shimatzu UV-1700). Ascorbic acid was
used as standard. All determinations were
carried out in triplicate and the results are
expressed as mean values ± SEM. The
percentage inhibition of DPPH free radical
scavenging activity was calculated using

(100 to 1000 µg/ml) were mixed with 2.5 ml
each of phosphate buffer (0.2 M, pH 6.6)
and potassium ferricyanide [K3Fe(CN)6]
(1%). The reaction mixture was incubated
at 50ºC for 20 min and 2.5 ml of
Trichloroacetic acid (10%) was added to the
mixture, which was then centrifuged for 10
min at 3000 rpm. 2.5 ml of supernatant was
mixed with 2.5 ml of distilled water and 0.5
ml of FeCl3 ( 0.1%) solution . The
absorbance

of

resultant

mixture

was

measured at 700 nm using UV‐Visible
Spectrophotometer

(ShimatzuUV-1700)

against blank. Ascorbic acid was used as the
standard.

Increased

absorbance

was

interpreted as increased reducing activity.
All determinations were carried out in
triplicate and results are expressed as mean

following expression:

values ± SEM.
% Inhibition

= (Absorbance

–

control

Absorbance sample/ Absorbance control) x100
The antioxidant activity of the extract was

Antimicrobial Activity
Antimicrobial activity of alcoholic

the

extracts was performed by disc diffusion

concentration (in µg /ml) of extract that

method. The microbial cultures of different

inhibits the formation of DPPH radicals by

strains of Gram positive and Gram negative

50%.

bacteria

expressed

as

IC50,

which

means

and

fungus

were

used

for
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antimicrobial activity The diameter of Zone

Discs (6mm diameter) were prepared from

of inhibition was measured and compared.

Whatman No. 1 filter paper and sterilized in
hot air oven at 160o C for 2 hour. After
cooling these were loaded with 10µl of

Microorganisms and Culture Media
The test microorganisms used in
antimicrobial

activity

positive bacteria

included

Gram

: (Bacillus subtilis,

Pseudomonas aeruginosa), Gram negative
bacteria

(Staphylococcus

aureus,

Escherichia coli) and Fungus (Candida
albicans).

These

were

obtained

from

Microbial Type Culture Collection Centre,
Institute

of

Microbial

Technology,

Chandigarh.
The

culture

medium

used

for

antibacterial activity was nutrient agar and
for antifungal activity was Sabouraud
dextrose agar. The bacterial strains were
cultured in nutrient broth at 370C and
0

maintained on nutrient agar slant at 4 C
whereas fungal strain was cultured in
Sabouraud dextrose broth at 280C and
maintained on Sabouraud dextrose agar slant
at 40C.
The antimicrobial activity of the
extract was evaluated by disc diffusion
method as described by Bauer et al. 9. The
extracts

were

diluted

with

Dimethylsulfoxide (DMSO) to get the
concentration of 50, 25, 12.5, 6.25 mg/ml.

extract from each dilution and then allowed
to dry. Standard discs were prepared from
standard antibiotic Ciprofloxacin (10mcg/ml
for bacteria) and Fluconazole (10mcg/ml for
fungal strain) in the same way.
For Antimicrobial activity 20 ml of
culture medium, inoculated with 0.1 ml of
microbial suspension, was dispensed into
sterilized Petri dishes. Petri dishes were
allowed to cool and solidify. Sterilized paper
disc loaded with extract and standard
antibiotics were placed on the surface of
prepared Petri dishes. For negative control
disc loaded with 10µl of DMSO was used.
The Petri dishes were incubated for 24 h at
37oC for bacteria and 28oC for 48h for
fungus. After the incubation period the Petri
dishes were observed for zone of inhibition
in mm including diameter of disc. All
determinations were carried out in triplicate
and the results are expressed as average
values.
RESULTS AND DISCUSSION
The

preliminary

phyto-chemical

screening shows the presence of various
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Table – 1
Percentage Inhibition of DPPH At Different

Fig. 1: DPPH Radical Scavenging Activity

Concentration of COL and COR

S. N.

Concentration

% Inhibition #

(µg /ml)

COL

COR

1

50

15.26±0.2503

26.86±0.2482

2

100

39.98±0.166

43.13±0.2883

3

250

65.31±0.0853

68.26±0.234

4

500

82.4±0.324

85.45±0.223

5

1000

88.61±0.1776

90.64±.1697

# Values are Mean ± SEM (n=3)

Table - 2
Reducing Power Activity Of Ascorbic Acid, COL And COR

Method

Absorbance At 700nm #
S.
N.
1

Concentration
µg/Ml
250

0.5733±0.012

0.01±.001

0.111±0.002

2

500

1.005±.0017

0.036±0.006

0.147±0.002

3

750

1.345±.0020

0 .045±0.001

0.164±0.001

4

1000

1.747±.0015

0.059±0.001

0.277±0.001

Ascorbic Acid

# Values are Mean ± SEM (n=3)

COL

Fig.2: Reducing Power Assay

COR
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Table - 3
Total phenolic content, Total flavanoid content and IC50 Values in COL, COR and
Ascorbic acid

S. No.

Extract

Total Flavanoid

Total phenolic
content

a

content

IC50 in DPPH

b

method

1

COL

14.64

19.21

159.34µg/ml

2

COR

32.38

29.646

140.99µg/ml

3

Ascorbic acid

-

-

43.775 µg/ml

a. Data expressed in mg equivalent of Catechin to 1g of dry extract
b. Data expressed in mg equivalent of Rutin to 1g of dry extract

Table - 4
Antimicrobial Activity of COL against Test Microorganisms

Diameter of Zone of Inhibition (mm)#
S.No.

Concentration
( mg/ml)

1
2

6.25

Bacillus
subtilis
9.39

Puedomonas
aeruginosa
8.25

Staphylococcus
aureus
9.07

Escherichia
coli
9.45

Candida
albicans
10.48

12.5

9.83

10.39

9.4

9.08

10.85

3

25

10.28

11.31

9.9

9.85

1134

4

50

10.35

12.22

10.4

10.35

11.80

5

Control

-

-

-

-

-

6

Standard (Ciprofloxacin)
(10 mcg/ml)

23.44

18.15

22.40

21.23

20.01

# Values are Mean (n=3)
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Table - 5
Antimicrobial activity of COR against test microorganism

S. No.
1
2
3
4
5
6

Diameter of Zone of Inhibition (mm)#
Concentration
Bacillus Puedomonas Staphylococcus Escherichia Candida
( mg/ml)
subtilis
aeruginosa
aureus
coli
albicans
6.25
10.22
11.49
11.10
10.20
8.97
12.5
10.38
11.69
11.33
11.08
9.25
25
10.6
12.0
12.23
12.75
11.51
50
11.0
12.37
12.91
13.24
11.97
Control
Standard(Fluconazole)
22.98
18.15
17.83
21.23
20.34
(10 mcg/ml)

# Values are Mean (n=3)

Fig. 3:
Antimicrobial activity of (a) COL and (b) COR extract
Where, dilution are denoted as: 1= 50mg/ml , 2= 25mg/ml, 3=12.5mg/ml, 4= 6.25mg/ml
& Standard, S= 10 mcg/m

(a)

(b)
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phyto-constituents like alkaloids, flavanoids,

of Catechin equivalent /g of dry extract in

tannins, phenolic compounds, saponoins,

COL and COR respectively and total

glycosides, carbohydrates, proteins, amino

flavanoid content were 19.21 and 29.646 mg

acids, fixed oil and fats. Proteins and

of Rutin equivalent /g of dry extract in COL

anthraquinone glycosides were absent in

and COR (Table 3).

root extract whereas saponins were absent in

The result of antimicrobial activity in

leaf extract. Fixed oil and fats were absent in

terms of diameter of zone of inhibition

both the extracts.

shows that COL and COR both have

The results of antioxidant activity

antimicrobial activity (Table 4, 5; fig. 3).

show that root extract has higher antioxidant

The highest zone of inhibition was found

activity as compared to leaf extract. In

with COR against S. aureus and with COL

DPPH assay method a dose dependent

the maximum zone of inhibition was against

increase in scavenging activity was observed

Puedomonas aeruginosa at concentration of

with varying concentration of extracts (50-

50mg/ml. Alcoholic extract of leaves shows

1000 µg/ml) (Table 1, Fig 1).

The IC50

less than 10mm of zone of inhibition against

value was found to be 140.99µg/ml and

Staphylococcus aureus and Escherichia coli

159.34µg/ml for COR and COL respectively

at and below 25mg/ml.

and that of standard (Ascorbic acid) was
43.775µg/ml (Table 3).In reducing assay
method the COR has more reducing power
as compared to COL (Table 2 and fig 2).
The reducing power of a compound is
related to its electron transfer ability and
serves

as

antioxidant

indicator
activity.

of

its

Larger

potential
absorbance

indicates greater reducing power and greater
antioxidant activity. Phenolic compounds
and flavanoids in the plants are reported to
be the major phytoconstituents responsible
for antioxidant activity. The total phenolic
content was found to be 14.64and 32.38 mg

CONCLUSION
From results obtained in the present
study, it is concluded that alcoholic extract
of roots of C. occidentalis Linn exhibits
better antioxidant and antimicrobial activity
as compared to that of leaf extract due to
presence of more flavanoid and phenolic
contents. These in-vitro studies indicate that
alcoholic

extract

of

root

of

Cassia

occidentalis Linn. is a good source of
natural antioxidants.
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Short report
PHARMACOGNOSTIC AND PRELIMINARY PHYTOCHEMICAL
EVALUATION ON BARK OF SAPINDUS EMARGINATUS VAHL.
JEDAGE H.D.* and MANJUNATH K.P.
Department of Pharmacognosy, KLE University, College of Pharmacy,
Vidyanagar, Hubli, (Karnataka) India.
ABSTRACT
The bark of Sapindus emarginatus Vahl are reported to have a many
medicinal therapeutic value. Pharmacognostic evaluation including study of
macroscopic, microscopic, proximate values was carried out. Phytochemical screening
including qualitative chemical tests of successive extracts was also carried out.
*Corresponding author
The bark of Sapindus emarginatus

INTRODUCTION
The plant Sapindus emarginatus
Vahl belonging to family Sapindaceae,
commonly

known

(Ritha)1. It

is

as

Soap

used to

nut

treat

tree

various

diseases such as Antihyperglycemic and
antidiabetic2,
Activity4,

Antihyperlipidemic3,
Antioxidant5,

CNS

Antibacterial6,

Antimicrobial7, Antimosquito activity8 etc.
Pharmacognostic

preliminary

phytochemical evaluations have not been
reported for bark of this plant. Therefore,
present

investigation

study

the

was

planned

Pharmacognostic

to
and

preliminary phytochemical evaluation on
bark of Sapindus emarginatus Vahl.
MATERIAL AND METHODS

Vahl were collected from Western ghat
regions of (Satara - District) Maharashtra
and (Belgaum - District) Karnataka state.
The identified and authenticated by the
Botanist Dr. Harsha Hegde, Scientist ‘C’
Regional
Indian

Medical
Council

of

Research
Medical

Centre,
Research,

Belgaum. The voucher specimen have
been deposited at the same herbaria with
accession no.: RMRC - 989.
Pharmacognostic Study
Macroscopic evaluations were done
using simple microscope. The color, odor,
size, shape, taste and special feature of
bark were determined9.
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Microscopic evaluations were done
by preparing a thin hand section of bark

channeled,

the dried bark used for the observation
of powder characteristics10.
Proximate
parameters;

values

first

In

the

study

the

that the presence of periderm contains

evaluations
of

unicellular thick walled trichomes (Figure
- 2); cortex: Lignified stone cells, starch
grain,

alcohol

Parenchyma

soluble

microscopic

cork cells, phellogen, phelloderm and

determination

water

slightly

transfer section bark (Figure - 1) showed

extractive values such as petroleum ether,
and

bitters,

saccharine, special feature: short fracture.

region of Sapindus emarginatus Vahl.
The powder microscopic characters of

taste:

extractives

calcium
cell;

oxalate

crystals,

secondary

phloem:

components, second determined ash value

medullary

determination such as total ash, water

oxalate crystals, Vessels and pith. Then

soluble, acid insoluble and sulphated ash,

microscopic

finally

characteristic (Figure - 3) bark showed

moisture

determined.

contents

also

were

10,11,

.

that

reddish

The dried powdered bark material
Sapindus

emarginatus

the

starch

study

grain,

calcium

the

presence

of

powder

unicellular

trichomes, cork cells are thin walled

Preliminary Phytochemical Study

of

rays,

in

color,

starch

grain

shows blue color staining with dilute

was

iodine solution, calcium oxalate crystals

subjected to phytochemical tests for the

insoluble after addition of dilute acetic

identification

acid, stone cells & cork cells showing

phytoconstituents

Vahl

brown

of
10,11

various

.

pink

-

red

colour

after

addition

of

phloroglucinol + conc. HCL (1 : 1) and

RESULT AND DISCUSSION

vessel fibers.
The macroscopical studies were
evaluated bark of Sapindus emarginatus
Vahl, color: outer grey and inner yellow
– brown, odorless, size: length 2 cm. to
15

cm.,

width

1.5

cm.

to

7

cm.,

thickness up to 1 cm., shape: curved –

Proximate

values

evaluated

by

various parameters such as petroleum
ether soluble extractive value (5.12 %
w/w), alcohol soluble extractive value
(14.72 % w/w), water soluble extractives
value (17.6 % w/w), total ash (9.5 %
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w/w), water soluble ash (4.05 % w/w),

conducted with various qualitative tests

acid

to

insoluble

ash

(1.45

%

w/w),

identify

the
To

various
perform

chemical

sulphated ash (8 % w/w) and moisture

constituents.

test

the

contents (5.8 % w/w) were calculated.

following chemicals and reagents were
used (Table 1):

The qualitative phytochemical tests
performed successive extracts such as
petroleum

ether

(CHLF),

methanol

(PE),

chloroform

(MTOH),

ethanol

(ETOH), and water (H2O) extract were
Table-1: Qualitative phytochemical tests on bark of Sapindus emarginatus Vahl.
Phytoconstituents

Chemical tests

PE

CHLF

MTOH

ETOH

H2O

Extract Extract Extract Extract Extract
Molisch’s test
Fehling test
Millon’s tests
Protein &
Ninhydrin tests
Amino acids
Salkaowski test
+
Sterol &
Liebermann+
triterpenoids
Burchardt tests
Water solution
Glycoside
NaOH soln.
Haemolysis test
Saponin
Foam tests
Dragendroff’s test
Alkaloids
Wagner’s test
Shinoda test
Flavonoids
Ferric chloride test
Phenazone test
Tannins
Gelatin test
Zinc-Hydrochloride
Phenolic
reduction test
+
Fixed oil & Fat Spot test
Where, (+ ve) = Present & (- ve) = Absent
Carbohydrate

ve
ve
ve
ve
ve
ve

-

ve
ve
ve
ve
ve
ve

+
+
+
+
-

ve
ve
ve
ve
ve
ve

+
+
+
+
+

ve
ve
ve
ve
ve
ve

+
+
+
+
+

ve
ve
ve
ve
ve
ve

ve
ve
ve
ve
ve
ve
ve
ve
ve
ve
ve

+
+
-

ve
ve
ve
ve
ve
ve
ve
ve
ve
ve
ve

+
+
+
+
+
+
+
+
+
+
+

ve
ve
ve
ve
ve
ve
ve
ve
ve
ve
ve

+
+
+
+
+
+
+
+
+

ve
ve
ve
ve
ve
ve
ve
ve
ve
ve
ve

+
+
+
+
+
+
+
+
+

ve
ve
ve
ve
ve
ve
ve
ve
ve
ve
ve

ve

- ve

+ ve

+ ve

- ve
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PERIDERM
Cork
Phellogen
Phelloderm
CORTEX
Stone cells
Parenchyma cell
SECONDARY
PHLOEM
Medullary Rays
Vessels
Pith

Fig. 1: The transfer section bark of Sapindus emarginatus Vahl.

PERIDERM
Trichome
Cork

Fig. 2 : The transverse section of bark of Sapindus emarginatus Vahl
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a. Vessel fiber
grain

b. Cork cells

d. Trichome
crystal

c. Starch

e. Stone cell

f. Calcium oxalate

Fig. 3 : The microscopic study powder characteristic bark of Sapindus emarginatus Vahl
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FORMULATION AND COMPARATIVE STUDIES OF LOVASTATIN LOADED POLYMERIC
NANOPARTICLES PREPARED BY IONIC GELATION AND SOLVENT EVAPORATION
TECHNIQUE
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Keywords:

Nanotechnology mediated drug delivery has been reported to enhance
the drug efficacy, bioavailability, reduced toxicity and improve patient compliance
by targeting the cells and tissues to elicit the desired pharmacological action. Low
oral bioavailability of poorly water-soluble drugs poses a great challenge during
development of drug delivery systems. The purpose of the present work was to
compare the characteristics of Lovastatin (LV) nanoparticles prepared by Ionic
gelation (IG) and Solvent evaporation (SE) techniques using Sodium
Tripolyphosphate and Pleuronic F68 as surfactants. In this study, an attempt was
made to improve the solubility and dissolution characteristics of a poorly watersoluble drug LV using nanotechnology concept. The prepared nanoparticles were
evaluated in terms of size, drug polymer compatibility by differential scanning
calorimetry (DSC), polydispersity index (PDI), zeta potential, morphological
characteristics by scanning electron microscopy (SEM), drug entrapment efficiency
in-vitro release and stability studies. Nanoparticles prepared by IG and SE were in
the range of (108nm to 486 nm) and (389nm to 521nm) with PDI of 0.447 and 0.557
having entrapment efficiency 68.2% and 62.8% with 15.3mV and 13.5mV zeta
potential. In-vitro release studies showed that the nanoparticle formulations IG2B
and SE4B were capable of releasing the drug in a sustained manner (68.58% and
84.81%) for about 10hours. Together, these results indicated that nanoparticulate
formulations are ideal carriers for oral administration of LV having a great potential
to improve the oral bioavailability and sustain the drug release, thereby minimizing
the dose dependent adverse effects and maximizing the patient compliance.
ABSTRACT:

Lovastatin, Ionic gelation,
Solvent evaporation, Sodium
Tripolyphosphate, Pleuronic F68
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Dr. Vinodh S. Mannur
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INTRODUCTION: Cardiovascular diseases, like
atherosclerosis, are the most common reasons of
mortality and morbidity worldwide 1, 2.
Atherosclerosis is a chronic, progressive disease
that is characterized by continuous accumulation of
plaque within the arterial wall, which is accelerated
by risk factors such as hypercholesterolemia 3. It is
initiated by lipid retention, oxidation, and
modification, which provoke chronic inflammation,
ultimately causing thrombosis or stenosis 4.
QUICK RESPONSE CODE
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10.13040/IJPSR.0975-8232.6(11).4796-03

Article can be accessed online on:
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DOI link: http://dx.doi.org/10.13040/IJPSR.0975-8232.6(11).4796-03

Lovastatin belongs to the class of statins, and a
class II drug according to Biopharmaceutical
Classification Scheme (BCS), used for lowering
cholesterol (hypolipidemic agent). It is a prodrug
and after oral administration, the inactive parent
lactone is hydrolyzed to the corresponding
hydroxyacid form. Lovastatin is a fungal
polyketide, which has a napthelin ring and a
lactone ring, where the lactone ring binds to the 3hydroxy-3-methylglutaryl-coenzym A (HMG-CoA)
reductase enzyme and inhibits the formation of
cholesterol. It’s a poorly soluble drug, with a halflife of 1.1-1.7 h and less than 5% bioavailability.
Lovastatin
undergoes
extensive
first-pass
metabolism. It is the drug of choice in primary
hyperlipidemias with raised LDL and total
cholesterol levels as well as for secondary i.e.
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diabetes, nephritic syndrome, hypercholestoremia 5,
6, 7, 8
.

Delhi. All other chemicals used were of analytical
grade.

An increased dose of molecularly targeted agents
inside the diseased tissue will result in a
satisfactory therapeutic response, creating a narrow
efficiency/toxicity therapeutic window. An
improvement of oral bioavailability of poor watersoluble drugs remains one of the most challenging
aspects of drug development. Most data suggest
that nanotechnologies could play a major role in the
development of new therapies for pharmaceutical
applications 9, 10. Polymeric nanoparticles constitute
a versatile drug delivery system, which can
overcome physiological barriers and guide the
drugs to specific cells/intracellular compartments.
Methods
used
for
preparing
polymeric
nanoparticles include ionic gelation, Co-acervation,
solvent evaporation, spontaneous emulsification or
solvent diffusion, salting out/emulsificationdiffusion, supercritical fluid technology and
polymerization using natural and synthetic
polymers 11.

Preparation of Lovastatin Nanoparticles by
Ionic Gelation Technique: 12, 13
Chitosan nanoparticles were prepared using ionic
gelation of chitosan with TPP anions. Ionic gelation
takes place when the positively charged amino
groups in chitosan interact with the negatively
charged TPP. Typically, different ratios of drug and
polymer were dissolved in Methanol and 1.2%
acetic acid solution respectively to get clear
solution. pH was adjusted to 6.0 by adding 0.1N
NaOH solution. Different concentrations of
surfactants were designed to select the best
concentration, which could provide high
entrapment efficiency, percentage yield and desired
particle size. STPP was dissolved in deionized
water to obtain 0.1%, 0.2% and 0.3% solution.
Drug solution and STPP solution was added drop
wise to polymeric solution with continuous stirring
using magnetic stirrer at 500rpm. Formulation was
stirred for 30min and sonicated for 30min.The
resultant nanoparticle suspensions were centrifuged
at 10,000 rpm for 30min using centrifuge.
Supernatants were discarded followed by freeze
drying and nanoparticles were collected. Further
evaluation studies were carried out for the freeze
dried nanoparticles.

The objective of this work was to prepare the best
formulation of Lovastatin nanoparticles with less
particle size, uniform size distribution, higher
entrapment efficiency, good percentage yield with
good stability and to perform the comparative study
of two formulation techniques. Two polymers
(Chitosan and PVP K30) and two stabilizers
(Sodium tripolyphosphate and Pleuronic F68) are
used to formulate Lovastatin nanoparticles by two
different techniques. Effects of stabilizers
concentration on the formulation are studied.
Formulated nanoparticles are evaluated for the
parameters such as particle size, shape, zeta
potential, drug loading capacity, in vitro release
characteristics and stability studies.
MATERIALS AND METHODS:
Lovastatin was provided as a gift sample by
Themis Pvt Ltd., Vapi, India. Chitosan and Sodium
Tripolyphosphate were procured from Ozone
International, Mumbai. PVP K30 and Pleuronic
F68 were obtained from HiMedia Lab Pvt. Ltd,
Mumbai. Acetone was obtained from RFCL Ltd.,
New Delhi, Methanol, Potassium dihydrogen
phosphate and Sodium dihydrogen phosphate were
obtained from Ranbaxy Fine Chem Ltd., New

Preparation of Lovastatin Nanoparticles by
Solvent Evaporation Technique: 10, 14
Second method, Solvent evaporation method was
adopted for the preparation of Lovastatin
nanoparticles. Accurately weighed quantity of
Lovastatin was dissolved in acetone. This was
poured into solution containing different volume of
water, PVPK-30 and PleuronicF68 maintained at
room temperature and subsequently stirred at
1000rpm on magnetic stirrer for two hours to
remove the volatile solvent. Organic solution was
added to the aqueous solution containing surfactant
by means of a syringe positioned with the needle
directly into stabilizer/surfactant solution. The
Nanoparticles were separated by centrifugation at
10,000rpm for 30min followed by separation of
supernatant from precipitants. This precipitant
containing nanoparticles was subjected for freeze
drying and evaluation studies were carried out.
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Effect of surfactants in nanoparticulate
formulations:
Various concentrations of surface active agents
were used as stabilizers and relationship between
concentration of surfactant and particle size, PDI
and entrapment efficiency are discussed. The

E-ISSN: 0975-8232; P-ISSN: 2320-5148

optimal concentration of surfactant is important for
optimal particles wetting. If the concentration is too
low, particles float on the surface. If the
concentration is too high bubbles appear. Effect of
concentration was studied by keeping the Drug:
Polymer proportion constant.

TABLE 1: FORMULATION OF LV-LOADED CHITOSAN NANOPARTICLES
Ingredients
IG1
IG2
IG3
IG4
IG2A
Lovastatin (mg)
10
10
10
10
10
Chitosan (mg)
10
20
30
40
20
STPP (%)
0.2
0.2
0.2
0.2
0.1
Drug: Polymer
1:1
1:2
1:3
1:4
1:2

IG2B
10
20
0.2
1:2

IG2C
10
20
0.3
1:2

TABLE 2: FORMULATION OF LV-LOADED PVP K30 NANOPARTICLES
Ingredients
SE1
SE2
SE3
SE4
SE4A
Lovastatin (mg)
10
10
10
10
10
PVP K30 (mg)
10
20
30
40
40
PleuronicF68(%)
0.03
0.03
0.03
0.03
0.01
Drug: Polymer
1:1
1:2
1:3
1:4
1:2

SE4B
10
40
0.02
1:2

SE4C
10
40
0.03
1:2

Characterization of prepared nanoparticles 15,
16
:
1. Particle Size and PDI:
The size of drug nanoparticles was
measured by dynamic laser scattering
(NPA150, Microtrac, USA). The analysis
was performed at a measuring angle of 180o
and at a temperature of 25oC using samples
appropriately diluted with Millipore filtered
water (0.22 µm filter).
2. Percentage yield:
The percentage yield of prepared
nanoparticles was determined from equation
(1).

3. Determination of drug content and
entrapment efficiency:
Drug was extracted from the freeze-dried
nanoparticles using buffer solution (pH
6.8) and the amount of drug was
measured after suitable dilutions by UV
spectroscopy at 238nm(Shimadzu UV
1800).
Drug content and entrapment efficiency was
calculated using following equation (2) and
equation (3) respectively.
International Journal of Pharmaceutical Sciences and Research

4. Zeta potential:
It is a physical property of a suspension. It
is defined as the potential difference
between the bulk solution (dispersing
medium) and the surface of the
hydrodynamic shear (slipping plane). It can
be used as an optimizing tool to determine
stability of the nanoparticle formulation. It
was measured by surface potential using
dynamic light scattering technology
(NPA152-31A Zetatrac, Microtrac, USA)
joined with the interaction of random
Brownian motion with driven electric field
motion of particle suspensions.
5. Shape and surface morphology:
Shape and surface morphology of LV
loaded nanoparticles was done by Scanning
Electron Microscopy (JSM-T330A, JEOL).
SEM is the most commonly used method
for characterizing the shape and surface
structure of drug delivery systems because
of its simplicity in sample handling and
ease of operation.
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6. Differential scanning calorimetry:
Differential scanning calorimetry (DSC)
analyses of samples were carried out on
DSC-60 (Shimadzu, Japan). Temperature
and enthalpy were calibrated with the
standard materials indium (melting point =
156.6oC) and zinc (melting point = 419.5oC)
at a heating rate of 5oC/min. DSC studies
were performed to understand the behavior
of the polymers on application of thermal
energy.
7. In vitro drug release study:
The in vitro drug release studies were
performed by using dialysis bag diffusion
technique on optimized formulations of
nanoparticles. Nanoparticles were dispersed
in 5 ml of phosphate buffer (pH 6.8) and
then put in the dialysis bags (Himedia
Laboratories, Mumbai, India) with a cut-off
molecular weight of 12,000–14,000 Da. The
bags were hermetically sealed and
immersed in a beaker containing 100 ml of
phosphate buffer of pH 6.8. The contents
were stirred continuously with a magnetic
stirrer at 50 rpm. At predetermined time
intervals, 1 ml of dispersion medium was
withdrawn and analyzed for drug content by
UV-spectrophotometry at 238nm after
suitable dilution. The removed volume of
dispersion medium was replaced with
equivalent volume of fresh dispersion
medium to maintain the sink conditions.
The percentage cumulative drug release
data was fitted into various release models
(Zero order, First order, Higuchi model and
Korsemeyer-Peppas model) to understand
the mechanism of drug release. The release
model having r2 value (Regression
Coefficient) close to one was considered as
best fit model using the software PCPDisso-V3.
8. Stability Studies:
Stability study was carried out for the
optimized formulations obtained by both
the methods respectively. Formulations
were divided into three sets of samples and
stored at -2˚C in refrigerator, room
temperature (29˚C), 45 ± 2˚C/75% RH in

E-ISSN: 0975-8232; P-ISSN: 2320-5148

humidity control chamber. Stability of the
formulations were predicted from the
results
obtained
for
particle
size
distribution, PDI and entrapment efficiency
after storing at room temperature, 45 ±
2˚C/75% RH and -2o± 1oC for 30days and
60days.
RESULTS AND DISCUSSION:
Physicochemical
characterization
of
nanoparticles:
The average particle sizes of the prepared drug
loaded nanoparticles by two methods were
recorded. The minimum particle sizes of the
nanoparticles prepared by the IG technique and SE
technique were found to be approximately 108nm
and 389nm. The PDI of optimized nanoparticles
was found to be 0.447 and 0.557 for formulations
IG2B and SE4B. PDI indicates the width of the
particle size distribution, which ranges from 0 to 1.
Theoretically, a monodisperse population indicates
PDI equal to zero.
Nanoparticles prepared by IG technique using
chitosan as polymer exhibited higher entrapment
efficiency than nanoparticles prepared by SE
technique using PVP K30 as polymer. This may be
due to the larger size of nanoparticles prepared by
IG technique than SE technique which could
support a larger space for lovastatin encapsulation.
The results obtained for particle size, percentage
yield and entrapment efficiency by Ionic gelation
and Solvent evaporation method is displayed in
Table 3 and Table 4 respectively.
The zeta potential of the optimized nanoparticle
formulations was determined and it was found that
formulation IG2B showed better stability bearing
value of 15.3mV in comparison with formulation
SE4B having the value of 13.5mV (Figure 1).
These values indicated that the optimized
formulations are moderately stable.
The SEM of LV nanoparticles prepared by both the
techniques indicated that the nanoparticles have a
nearly spherical structure with smooth surface.
DSC is a useful tool to monitor the effect of
additives on the thermal behavior of materials, and
used to derive qualitative information about the
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physicochemical status of drug in nanoparticles.
The DSC thermograms of LV-loaded Chitosan
nanoparticles
and
LV-loaded
PVP
K30
nanoparticles are shown in (Fig. 2). LV showed a
sharp characteristic endothermic peak at 175.2oC
which corresponded to its intrinsic melting point
indicating its crystalline nature. DCS thermogram

E-ISSN: 0975-8232; P-ISSN: 2320-5148

of LV-Chitosan and LV-PVP K30 nanoparticles
showed endothermic peaks at 170.4oC and 165.4oC
respectively. However, no distinctive melting peak
of LV was identified in the DSC curve obtained
from LV-loaded nanoparticles suggesting that LV
in nanoparticles was molecularly dispersed as an
amorphous form.

TABLE 3: CHARACTERISTICS OF LV LOADED CHITOSAN NANOPARTICLES
Formulation
Drug : polymer
LV entrapment
Percentage Yield
Particle size
Code
ratio
(%)
(%)
(nm)
IG1
1:1
51.5
61.5
108
IG2
1:2
68.2
70.8
202
IG3
1:3
69.2
72.3
315
IG4
1:4
71.1
73.6
486
TABLE 4: CHARACTERISTICS OF LV LOADED PVP K30 NANOPARTICLES
Formulation
Drug : polymer
LV entrapment
Percentage Yield
Code
ratio
(%)
(%)
SE1
1:1
46.7
48.9
SE2
1:2
52.4
52.7
SE3
1:3
55.9
54.3
SE4
1:4
63.8
61.7

Study of the surfactant concentration:
Three different concentrations of surfactant for
each optimized method were tried keeping drug
polymer ratio constant and the results are listed in
Table 5. When less concentration of surfactant was
used, the size of nanoparticles was higher with
greater entrapment efficiency and as the

Particle size
(nm)
389
460
523
521

PDI
0.825
0.447
0.779
0.350

PDI
0.826
0.708
0.427
0.557

concentration of surfactant was increased the
particle size was reduced with lesser entrapment
efficiency. Based on this, 0.2% turned out to be the
best concentration for LV-loaded chitosan
nanoparticles and 0.02% turned out to be the best
concentration
for
LV-loaded
PVP
K30
nanoparticles.

TABLE 5: EFFECT OF SURFACTANTS CONCENTRATION
Polymer
Formulation
Surfactant
Entrapment
Code
Conc (%)
Efficiency (%)
IG2A
0.1
52.7
IG2B
0.2
68.2
Chitosan
IG2C
0.3
67.3
SE4A
0.01
58.4
SE4B
0.02
63.8
PVP K30
SE4C
0.03
64.3

Percentage
Yield (%)
56.7
70.8
70.7
49.2
61.7
57.7

Particle
Size (nm)
516
202
160.2
776
521
523

PDI
0.299
0.447
0.441
0.786
0.557
0.426

(a)
(b)
FIG.1: ZETA POTENTIAL OF OPTIMIZED NANOPARTICLE FORMULATIONS:(a) IG2B and (b) SE4B
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(a)
(b)
FIG.2: DSC THERMOGRAM OF OPTIMIZED NANOPARTICLE FORMULATIONS: (a) IG2B and (b) SE4B

In-vitro release study of the optimized
nanoparticle formulations:
Cumulative percentage drug released from the
optimized formulations IG2B and SE4B after 10hrs
were found to be 68.58% and 84.81% respectively
(Table 6, Fig. 3). It was apparent that in vitro
release of Lovastatin showed a very rapid initial
burst, followed by a very slow drug release. An
initial, fast release suggested that more amount of
the drug was entrapped near the surface of the

naonparticles due to larger surface area, rather than
inside the particles. In vitro kinetics analysis
showed that drug release was best explained by
Korsmeyer-Peppas model than other model with
highest value of Regression Coefficient (r2=0.9974)
and (r2=0.9914) for IG and SE techniques
respectively. The release was found to follow zero
order release kinetics with Fickian diffusion
mechanism for both the optimized formulation.

TABLE 6: IN-VITRO RELEASE PROFILE OF OPTIMIZED FORMULATIONS IG2B AND SE4B
Time
FORMULATION CODE
(Hrs)
IG2B (%CDR)
SE4B (%CDR)
0
0
0
1
17.371
19.269
2
26.687
27.068
3
36.095
42.550
4
43.309
53.113
5
46.020
58.706
6
51.039
63.590
7
56.104
67.502
8
61.215
73.222
9
64.086
78.993
10
68.580
84.814

FIG.3: CUMULATIVE RELEASE OF NANOPARTICLES
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Stability Studies:
The results of particle size and PDI of the
optimized formulations IG2B and SE4B after 30
days and 60 days of stability testing at different
storage conditions are shown in Table 6 & 7.
On comparing this data of formulations IG2B and
SE4B Fig.4 (a), (b), it was observed that there was
slight increase in particle size when the formulation
was stored at Room temperature, but there was a
TABLE 6: PHYSICAL STABILITY RESULT OF IG2B
Sr. no.
Time
Room temp.
storage
Size
PDI
%EE
1.
0 day
202.0
0.44
68.2
2.
30 days
216.6
0.48
65.9
3.
60 days
233
0.56
63.3
TABLE 7: PHYSICAL STABILITY RESULT OF SE4B
Sr. no.
Time
Room temp.
storage
Size
PDI
%EE
0 day
521
0.55
63.8
1.
30 days
545
0.57
58.6
2.
60 days
572
0.65
56.4
3.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

significant increase in particle size when stored at
45 ± 2˚C/75% RH, which indicated that high
temperature can lead to aggregation and
sedimentation of the particles after a period of time.
Also it was observed that there was decrease in
drug content when the formulations were stored at
45 ± 2˚C/75% RH, which suggested that drug gets
degraded at that temperature hence decrease in the
drug release was observed.

Size
202.0
228
299

45 ± 2˚C
PDI
0.44
0.53
0.62

Size
521
574
603

45 ± 2˚C
PDI
0.55
0.61
0.72

%EE
68.2
59.3
51.7

%EE
63.8
55.6
49.0

Size
202.0
210.4
220

-20c
PDI
0.44
0.49
0.54

%EE
68.2
67.1
65.0

Size
521
526
537

-20c
PDI
0.55
0.59
0.61

%EE
63.8
60.3
59.6

(a)
(b)
FIG.4: COMPARITIVE STABILITY STUDY OF PARTICLE SIZE OF FORMULATION (a) IG2B AND (b) SE4B AT -2˚C, ROOM
TEMPERATURE (25± 2˚C/60% ± 5% RH) AND 45 ± 2˚C/75% RH

CONCLUSION: Based on particle size, drug
content, drug entrapment efficiency and
polydispersity index formulations IG2B and SE4B
were selected as an optimum formulation prepared
by Ionic gelation method and solvent evaporation
method respectively. Stability studies showed that
LV nanoparticles prepared using IG technique are
more stable as compared to nanoparticles prepared
by SE technique. Also chitosan nanoparticles
showed more sustained effect in comparison to
PVP K30 nanoparticles. On comparing the in vitro
drug release profile of formulations prepared by IG
and SE, SE4B was showing maximum drug release
(84.81%) in a time period of 10hrs. The maximum

drug release was may be because of poor
entrapment of the drug.
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Abstract A novel series of methyl-2-(substituted benzylideneamino)-3-phenyl propionate (2a–j) derivatives have
been synthesized. The title compounds (2a–j) were
screened for in vivo acute anti-inflammatory and analgesic
activities at a dose of 200 mg/kg b.w. Compound 2e
exhibited the most promising and significant anti-inflammatory profile while compounds 2b, 2h, 2i, and 2j showed
moderate to good inhibitory activity at 2nd and 4th h,
respectively. These compounds were also found to have
considerable analgesic activity (acetic acid-induced writhing model) and antipyretic activity (yeast-induced pyrexia
model). In addition, the tested compounds were also found
to possess less degree of ulcerogenic potential as compared
to the standard NSAIDs. The synthesized compounds were
further evaluated for their inhibitory activity against
cyclooxygenase enzyme (COX-1/COX-2), by in vitro colorimetric COX (ovine) inhibitor screening assay method.
The results revealed that the compounds 2b, 2e, 2h, 2i, and
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2j exhibited selective and effective inhibition against
COX-2. In an attempt to understand the ligand–protein
interactions in terms of their binding affinity, docking
studies were also performed using Molegro Virtual Docker
(MVD-2013, 6.0) for the title compounds. It was observed
that the binding affinities calculated were in agreement
with the experimental IC50 values.
Keywords Phenylalanine  Schiff base 
Anti-inflammatory  Analgesic  Antipyretic 
Ulcerogenic activity  Cyclooxygenase (COX)  Docking

Introduction
Inflammation is a common phenomenon involving interrelated humoral and cellular reactions, which is the local
response of living mammalian tissue to injury due to a
number of inflammatory mediators (Vane and Botting,
1996). A large number of conventional non steroidal antiinflammatory drugs (NSAIDs) are available clinically and
prescribed throughout the world mainly for the treatment of
pain, fever, and inflammation, particularly for different
types of arthritis (Palomer et al., 2002; Talley et al., 2000).
NSAIDs are of huge therapeutic benefit in the treatment of
inflammatory diseases. The pharmacological activity of
NSAIDs is related in the suppression of prostaglandin
biosynthesis from arachidonic acid by inhibiting the
enzyme prostaglandin endoperoxidase, popularly known as
cyclooxygenase (COX) (Smith et al., 1998; Warner et al.,
1999). It exists in two isoforms, COX-1 and COX-2, which
are regulated and expressed differently. COX-1 provides
cytoprotection in the gastrointestinal tract (GIT), whereas
inducible COX-2 selectively mediates inflammatory signals (Habeeb et al., 2001; Almansa et al., 2003). However,
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most of NSAIDs cause gastrointestinal (GI) hemorrhage,
ulceration (Allison et al., 1992), renal disorders, and other
side effects. Even though the days of selective COX-2
inhibitor are quite bright but the gloomy face, cardiac
disorders are the major drawbacks (Bombardier et al.,
2000). However, COX-2 is an attractive target for medicinal chemists as it is expressed in only a few normal tissues
and is greatly up-regulated in inflamed tissues as well as
many premalignant and malignant tumors. The GI damage
from NSAIDs is generally attributed to two factors, local
irritation by the carboxylic acid moiety common to most
NSAIDs (topical effect) and decreased tissue prostaglandin
production, which determines the physiological role of
cytoprotective prostaglandins in maintaining the GI health
and homeostasis (Amir and Kumar, 2007). Inflammation is
known not only as a symptom of great deal of common
diseases but also as an early phase of some serious diseases
such as cancer, heart vascular diseases, and Alzheimer’s
dementia. Therefore, the challenge still exists for the
pharmaceutical academia/industry to develop more efficacious and safe anti-inflammatory agents.
Schiff bases are the compounds carrying imine or azomethine (–C=N–) functional group. These are the condensation products of primary amines with carbonyl
compounds and were first reported by Hugo Schiff (1864).
Schiff bases especially derived from aromatic amines and
aromatic aldehydes have found to possess wide variety of
applications in many fields such as medicinal, biological,
inorganic, and analytical chemistry (Parekh et al., 2005).
As represented in Fig. 1, many Schiff bases are known to
be medicinally important and have been found to be
promising leads for the design of more efficient antiinflammatory agents. In the past decade, Schiff bases of
different heterocycles have displayed remarkable antiinflammatory activity with reduced ulcerogenic effect
(Alam et al., 2012; Hunashal et al., 2011; El-Sayed et al.,
2011; Khan et al., 2010). Studies also demonstrated that the
metal complexes of Schiff bases display enhanced biological activity than their respective free organic compounds (Chohan et al., 1997). From literature, it is well
established that the various esters of different types of
amino acids exhibited remarkable activity against variety
of inflammatory states (Khanna, 1984). It is scientifically
well acknowledged that phenylalanine and its derivatives
show potent analgesic activity (Kitazawa et al., 2003) and
anti-inflammatory activity (Edmundson and Manion, 1999)
as illustrated in Fig. 1. Moreover, some metal complexes of
various amino acids have also reported to possess antiinflammatory and analgesic properties (Bruno et al., 1999).
Recently, El-Henawy, 2013 reported the synthesis and
molecular docking studies of some novel Diclofenac
derivatives containing phenylalanine moiety as selective
COX-2 inhibitors. Further, Bhandari et al., (2008) reported
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the synthesis and pharmacological evaluations (antiinflammatory, analgesic, and ulcerogenicity) of novel
Schiff bases derived from 2-[(2,6-dichloroanilino) phenyl]
acetic acid (Diclofenac). Based on the above mentioned
facts and in continuation of our research program (Palkar
et al., 2014; Ingale et al., 2012; Khode et al., 2009; Gadad
et al., 2008) on the synthesis of novel therapeutic antiinflammatory agents, we herein report the synthesis and
spectral studies of series of novel Schiff base analogs
derived from a versatile phenylalanine scaffold (2a–j).
These compounds exhibited an interesting anti-inflammatory and analgesic activity profile with significant reduction
in their ulcerogenic effect.

Results and discussion
Synthetic and spectral studies
We have synthesized a novel series of methyl-2-(substituted
benzylidene amino)-3-phenyl propionate (2a–j) derivatives,
which was achieved through a simple, convenient, and
efficient synthetic route as outlined in Scheme 1. The
starting material i.e. methyl-2-amino-3-phenylpropanoate
hydrochloride (1) was prepared by esterification of L-phenylalanine with anhydrous methanol in the presence of thionylchloride (Bodor et al., 1976). Novel series of the title
compounds (2a–j) were synthesized by condensation of
methyl-2-amino-3-phenylpropanoate hydrochloride (1) with
different substituted aromatic aldehydes in the presence of
triethylamine (Danilova et al., 2003). These reactions
resulted in the formation of stable Schiff base of phenylalanine with high purity, which was confirmed by melting
point (mp) and thin-layer chromatography (TLC).
Structure of compound 1 and its corresponding Schiff
base derivatives (2a–2j) were established on the basis of
their physicochemical (See Table 1), spectral (UV, IR, 1H
NMR, 13C NMR), and elemental analytical data. The anticipated structures of the synthesized compounds were in
agreement with their respective analytical data, which are
summarized in experimental section. The IR spectrum of
compound (1) exhibited characteristic absorption bands at
3,478.76 cm-1 and 1,747.09 cm-1, were attributed to amine
(N–H str) and carbonyl (C=O str) of methyl ester of Phenylalanine. This was further supported by 1H NMR spectra
with characteristic signals resonating around d 8.82, 4.70,
3.65, and 3.31–3.23 ppm indicated the presence of amine
(NH), methine (CH), acetate (COOCH3), and methylene
(CH2) protons while the aromatic protons appeared at around
d 7.67–7.06 ppm. The IR spectra of compounds 2a–j displayed a prominent band at around 1,617.46–1,580.86 cm-1
(due to HC=N str) and disappearance of band at
3,478.76 cm-1 (due to NH2), confirming the formation of
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Fig. 1 Literature reported and proposed structures of Phenylalanine and Schiff base derivatives
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Methyl-2-amino-3-phenyl
propanoate hydrochloride
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Methyl-2-(substituted benzyledene
amino)-3-phenylpropionate

Scheme 1 Synthetic route for the preparation of a series of novel
Schiff base analogs derived from phenylalanine motif*. *Reagents
and conditions: (a) thionyl chloride, anhydrous methanol, 0 °C
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(ice-cold), 30–45 min; (b) Substituted aromatic aldehydes, anhydrous
n-butanol, triethylamine, reflux, 8–14 h
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Table 1 Physicochemical and in vivo acute anti-inflammatory activity data of a novel series of phenylalanine Schiff base analogs (2a–j)
O
OCH3
N

CH

R

2a-j

Compounds

R

% Yield

Melting
Pointa

Rfb

Molecular
formula

Anti-inflammatory activity: % edema inhibitionc,d
After 2h (±SEM)

After 4h (±SEM)

2a

4-F

63.5

210–212

0.43

C17H16FNO2

32.3 (±0.005)*

49.4 (±0.003)*

2b

3-NO2

73.2

256–258

0.54

C17H16N2O4

57.8 (±0.026)*

76.5 (±0.024)**

2c

4-Cl

64.8

244–247

0.66

C17H16ClNO2

41.3 (±0.040)*

58.7 (±0.01)*

2d
2e

3-OCH3
2,4-Cl

70.3
69.8

232–234
263–266

0.52
0.62

C18H19NO3
C17H15Cl2NO2

49.2 (±0.017)*
63.2 (±0.006)**

65.2 (±0.044)*
80.4 (±0.013)**

2f

2-OH

82.5

208–212

0.68

C17H17NO3

37.6 (±0.046)*

53.3 (±0.011)*

2g

4-CH3

51.4

270–274

0.60

C18H19NO2

35.4 (±0.023)*

43.5 (±0.006)*

2h

3-OH, 4-OCH3

65.6

216–218

0.67

C18H19NO4

54.5 (±0.046)*

73.7 (±0.037)*

2i

4-OCH3

68.1

222–225

0.58

C18H19NO3

60.1 (±0.030)**

78.3 (±0.021)**

2j

5-Br, 2-OH

67.4

238–240

0.55

C17H16BrNO3

59.2 (±0.035)*

76.9 (±0.040)**

Diclofenac

–

–

–

–

65.5 (±0.017)***

79.8 (±0.013)***

–

a

Melting Point in °C

b

12–17 % ethyl acetate in hexane used as a mobile phase and iodine vapors as visualizing agent

c

The results expressed as Mean ± SEM are obtained using in vivo carrageenan-induced rat paw edema model, using six animals per group of
male albino rats
d

Significance was calculated by using one-way ANOVA with Dunnet t test. The difference in results was considered significant when p \ 0.05

* p \ 0.05 vs. control at 200 mg/kg b.w; ** p \ 0.01 vs. control at 200 mg/kg b.w; *** p \ 0.001 vs. control at 13.5 mg/kg b.w

imine linkage (Schiff base). Similarly, the carbonyl group
(C=O) of methyl ester bands were observed in the range of
1,748.47–1,721.24 cm-1. In 1H NMR spectra of compounds
2a–j, the imine (HC=N), methine (CH), and methylene
(CH2) proton peaks were observed around d 8.95–8.53,
4.88–4.45, and 3.39–2.80 ppm, respectively, which further
substantiated the formation of Schiff base. In addition,
compounds with hydroxyl (OH) and methoxyl (OCH3)
protons on the benzylidene ring resonated around d
5.84–5.59 and d 3.83–3.77, respectively. The acetate
(COOCH3) proton signals were observed at d
3.71–3.55 ppm, while the aromatic (Ar–H) protons appeared
between d 8.21–6.82 ppm. In 13C NMR spectrum, the carbon
signals corresponding to carbonyl carbon (C=O) of the
methyl ester and imine carbon (N=CH) of the Schiff base
were observed around d 182.7–176.2 and 172.5–165.2 ppm,
respectively. Further, the methine (–CH–), acetate

(COOCH3), and methylene (–CH2–) carbon peaks resonated
around d 70.4–67.3, 54.1–51.6, and 41.5–35.4 ppm, respectively, consequently confirming the anticipated structures.
The signals between d 160.2–117.6 ppm were assigned to
the aromatic carbons (Ar–C) while the methoxyl (OCH3)
carbon peaks appeared between d 56.6–55.7 ppm, respectively. Further, the elemental analysis (C, H, N) data of the
title compounds (2a–j) were found to be within ±0.4 % of
their theoretical/calculated values, which are summarized in
experimental section.
Pharmacological evaluation
The acute toxicological studies were carried out for all
compounds (2a–j) as per the guidelines of Organization for
Economic Co-operation and Development (OECD). The
in vivo anti-inflammatory (carrageenan-induced rat paw
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edema model) and analgesic (acetic acid induced writhing
test) activities were evaluated on male/female albino rats
and mice, respectively. The most active compounds were
further evaluated for their antipyretic and ulcerogenic
activities.
Acute toxicity
It was observed from the preliminary toxicity studies that
all the test compounds demonstrated high safety profile till
the uppermost dose (2,000 mg/kg). No mortality of animals
were observed even after 24 h, but there were few changes
in the behavioral response like alertness, touch response,
and restlessness. Therefore, 1/10th of the maximum tolerated dose i.e. 200 mg/kg b.w. was chosen for the various
pharmacological evaluations.
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Table 2 Analgesic activity data of compounds 2b, 2e, 2h, 2i, and 2j
by acetic acid-induced writhing method
Compound

No. of writhes
in 15 mina (Mean ± SEM)

% Protection

Control

52.0 ± 1.71

2b

15.0 ± 1.06

71.15*

–

2e
2h

12.0 ± 1.45
14.0 ± 1.39

76.92*
73.07*

2i

21.0 ± 1.06

59.61*

2j

18.0 ± 1.18

65.38*

Diclofenac

09.0 ± 1.31

82.69**

a

The results are expressed as mean ± SEM (n = 6). Significance
was calculated by using one-way ANOVA with Dunnet t test. The
difference in results was considered significant when p \ 0.05
* p \ 0.001 vs. control at 200 mg/kg b.w; ** p \ 0.001 vs. control at
19.5 mg/kg b.w

Acute anti-inflammatory activity
The data presented in Table 1 shows the results of in vivo
acute anti-inflammatory activity of title compounds (2a–j)
at a dose of 200 mg/kg b.w. by carrageenan-induced rat paw
edema method. Carrageenan-induced edema is a non-specific inflammation resulting from a complex of diverse
mediators. Since edema of this type is highly sensitive to
NSAIDs, carrageenan has been accepted as a useful agent
for studying anti-inflammatory screening. During the second phase of inflammation, anti-inflammatory properties of
test agents are detected as a result of inhibition of prostaglandin amplification. This model reliably predicts the antiinflammatory efficacy of the NSAIDs (Kuroda et al., 1992).
As shown in Table 1, moderate to good anti-inflammatory
activity was observed for the synthesized compounds,
which exhibited 32.3–63.2 % and 43.5–80.4 % inhibition
of edema formation at 2nd and 4th h, respectively, whereas
the reference drug Diclofenac (13.5 mg/kg) displayed 65.5
and 79.8 % inhibition. In a particular compound, 2e (63.2
and 80.4 %) was most active, while compounds 2b (57.8
and 76.55 %), 2h (54.5 and 73.7 %), 2i (60.1 and 78.3 %),
and 2j (59.2 and 76.9 %) displayed good to moderate
inhibitory activity at 2nd and 4th h, respectively. The antiinflammatory activities of these compounds were comparable to that of the standard drug Diclofenac. The brief
structure–activity relationship (SAR) studies demonstrated
that compound 2e having 2,4-dichloro atoms on benzylidene aromatic ring has greatly enhanced the anti-inflammatory activity. Similarly, compounds 2b, 2h, 2i, and 2j
containing methoxy, bromo, and nitro groups on benzylidene aromatic ring have also positively influenced and
contributed for moderate to good anti-inflammatory activity, whereas the compounds 2a, 2f, and 2g containing fluoro, hydroxyl, and methyl groups on benzylidene aromatic
ring, respectively, exhibited poor to moderate anti-
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inflammatory activity. Compounds with good anti-inflammatory activity profile were further evaluated for analgesic,
antipyretic, and ulcerogenic activities.
Analgesic activity
An established and sensitive procedure to evaluate
peripherally acting analgesics is the acetic acid-induced
abdominal constriction (writhing) response in mice. The
analgesic activity of the selected compounds (dose
200 mg/kg b.w) is summarized in Table 2. It was observed
that compounds 2e (76.92 %), 2h (73.07 %), and 2b
(71.15 %) exhibited significant activity, almost comparable
to the activity of reference drug (Diclofenac, 82.69 %),
whereas compounds 2i (59.61 %) and 2j (65.38 %) displayed moderate to good analgesic activity in peripheral
analgesic activity model.
Antipyretic activity
Furthermore, the encouraging results of anti-inflammatory
and analgesic activity prompted us to carry out the antipyretic activity (yeast-induced pyrexia) for compounds 2b, 2e,
2h, 2i, and 2j at a dose of 200 mg/kg b.w. in rats. The results
of antipyretic activity are presented in Table 3. Perusal of
data strongly suggests that compound 2e and 2j exhibited
excellent antipyretic activity, while compounds 2b, 2h, and
2i possess reasonable to good antipyretic activity as compared to standard drug Paracetamol (Figs. 2, 3).
Ulcerogenic activity
One of the major side effects of NSAIDs is gastric irritation,
leading to the formation of gastric ulcers. The extent of
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Table 3 Antipyretic activity data of compounds 2b, 2e, 2h, 2i, and 2j by yeast-induced pyrexia
Compound

Mean temperature in °C at intervalsb
0a

1

2

TIc
3

4

5

Control

38.3

38.26

38.2

38.11

38.00

37.89

-1.04

2b

38.8

38.7*

38.56*

38.25*

37.98*

37.66***

-2.85

2e

38.8

38.21**

37.93**

37.51***

37.05***

36.79***

-6.51

2h

38.8

38.67*

38.45*

38.12**

37.79**

37.56***

-3.41

2i

38.7

38.47*

38.35*

37.94**

37.63***

37.28***

-3.83

2j

38.0

37.56**

37.22**

37.05**

36.84***

36.55***

-4.78

Paracetamol

38.7

38.23

37.96

37.61

37.22

36.81

-5.67

a

18th h after yeast injection was considered as 0 h

b

Temperature was recorded hourly from 0 to 5 h after dosing

c

Temperature index (TI) is the sum of mean temperature changes from the 0 h. The results are expressed as mean values (n = 6). Significance
was calculated by using one-way ANOVA with Dunnet t test. The difference in results was considered significant when p \ 0.05
* p \ 0.05 vs. control at 200 mg/kg b.w; ** p \ 0.01 vs. control at 200 mg/kg b.w; *** p \ 0.001 vs. control at 200 mg/kg b.w; p \ 0.05 vs.
p \ 0.001 vs. control at 135 mg/kg b.w
control at 135 mg/kg b.w; p \ 0.01 vs. control at 135 mg/kg b.w;

ulcerogenic effect was evaluated for compounds 2b, 2e, 2h,
2i, and 2j at a therapeutic dose (200 mg/kg b.w.) in rat stress
model. The gastric ulcerogenic potential was evaluated by
calculating the ulcer index in treated and control animals.
Table 4 indicates the ulcer index range of compounds 2b
(3.760–4.184), 2e (2.274–2.550), 2h (2.709–2.985), 2i
(1.992–2.294), and 2j (3.050–3.316) as compared to the
standard drugs Diclofenac (5.335–6.213), Aspirin
(3.998–4.662), and Flurbiprofen (5.172–6.066), respectively. From the results obtained, it clearly suggests that the
tested compounds induced less gastric ulceration and disruption of gastric epithelial cells at the above mentioned oral
dose. Hence, gastric tolerance to these compounds was found
to be better than that of standard drugs. These observations
were further substantiated from histopathological investigation results, which have revealed the extent of edema, GI
hemorrhage, and necrosis of stomach in control and drug
treated experimental rats. On comparing the histopathological images, we observed that the ulcerogenic potential of
compounds 2e and 2i were found to be significantly less than
that of Diclofenac treated groups. In particular, compound
(2e and 2i) treated groups exhibited a shallow damage of
stomach as compared to control treated group, whereas
Diclofenac treated group displayed a deep damage of
stomach as illustrated in Fig. 2.
In vitro colorimetric COX (ovine) inhibitor assay
The promising results of anti-inflammatory and analgesic
activity also impelled us to carry out the in vitro enzyme
inhibition assay studies against COX. The title compounds
(2a–j) were evaluated for their ability to inhibit COX
enzyme by in vitro colorimetric COX (ovine) inhibitor

assay method (Kulmacz and Lands, 1983), which utilizes
the peroxidase component of COX. The peroxidase activity
was assayed by colorimetric method by monitoring the
appearance of oxidized N,N,N0 ,N0 -tetramethyl-p-phenylene
diamine (TMPD), which is generated during the reduction
of PGG2 to PGH2, at 590 nm. The results of in vitro COX
enzyme inhibition assay studies are summarized in
Table 5. These results indicate that the compounds 2b, 2e,
2h, 2i, and 2j exhibited significant and effective inhibition
against COX-2 (82.72, 85.40, 77.59, 79.86 and 80.24 %),
as compared to the inhibition of COX-1 (24.20, 19.55,
27.08, 23.11 and 21.12 %). The IC50 values of these
compounds 2b, 2e, 2h, 2i, and 2j were 6.75, 5.5, 9.5, 8.25,
and 7.5 lM, respectively, against COX-2 enzyme, whereas
for COX-1 it was greater than 50 lM. However, in the case
of standard drugs the IC50 values were 0.04, 14.0 lM
(Celecoxib) and 15.0, 6.25 lM (Diclofenac) against COX2 and COX-1 enzyme, respectively.
Molecular docking studies
The in vitro COX-2 enzyme inhibition results were motivating and in order to further validate our experimental
results, molecular docking studies of the title compounds
(2a–j) were carried out using Molegro Virtual Docker
(MVD-2013, 6.0). Figure 3 represents the native crystal
structure of Diclofenac (DIF701) bound to the active site of
COX-2 obtained from Protein Data Bank (http://www.rscb.
org/pdb) with the PDB ID: 1PXX.
The crystal structure of 1PXX exists as a homodimeric
assembly, and the inhibitor DIF701 is bound to all four
chains of the structure, but none of the binding sites come
in the interface of two domains or two different chains
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Fig. 2 Histopathological
examination images of stomach
(ulcerogenic activity) in control
and drug treated experimental
rats. (a) Control—no damage;
(b) Diclofenac—deep damage;
(c) Compound 2e—shallow
damage; (d) Compound
2i—shallow damage

(Rowlinson et al., 2003). Thus, the docking studies were
performed on a single subunit of the homodimeric COX
structure. The PDB structure 1PXX bound to the inhibitor
DIF701 shows a true binding site for each of the subunits.
An essential feature of the binding site is the conservation
of hydrogen bondings and the aromatic p-p stacking
interactions. The active pocket consisted of amino acid
residues such as Val349, Ser530, Leu352, Tyr385, Tyr348,
Trp387, Gly526, Ala527, Met522, and Leu384. Hence, to
identify other residual interactions of the tested compounds, a grid box (include residues within a 10.0 Å
radius) large enough to accommodate the active site was
constructed. DIF701 being a known inhibitor, the center of
this site was considered as the center of search space for
docking. The 2D structures of the synthesized ligands were
converted to energy minimized 3D structures and were
used for in silico protein–ligand docking calculations.
Docking of synthesized compounds with the COX-2
enzyme exhibited well-conserved hydrogen bonds with one
or more amino acid residues in the active pocket. From
Table 5, the following conclusions can be drawn from the
docking studies. For the test compounds (2a–j), the MolDock score ranged from -88.0093 to -116.6310, while
the Moldock score of standard drug DIF701 was -96.1429.
The best poses (orientations) of the docked compounds and
of DIF701 are shown in Fig. 4. It was clearly observed that
the carboxylate oxygen atom of standard drug (DIF701)
exhibited distinctive two hydrogen bonds with Ser530
(2.5874 Å) and Tyr385 (2.6393 Å), while compound 2i
displayed highest number of conserved hydrogen bonds (5)
with the residues of the active site. In compounds 2d
(2.8335 Å), 2e (2.7981 Å), 2f (3.3993 Å), 2h (3.3507 Å),
2i (3.3848 Å), and 2j (3.3970 Å), prominent hydrogen
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bonding interactions were observed between the oxygen
atom of methyl ester group and the hydroxyl (OH) group of
the amino acid residue Ser 530. While in some compounds,
2d (2.9924 Å), 2e (3.0337 Å), 2f (2.5619 Å),
2 h (3.0272 Å), 2i (2.5790 Å), and 2j (2.6198 Å), hydrogen bonding was also observed between the oxygen atom
of methyl ester group and OH group of Tyr385 residue.
The nitrogen atom (imine or azamethine) of various Schiff
bases also displayed hydrogen bonding with OH group of
Ser530 amino acid residue. The nitrogen atom in compounds 2e (2,4-dichloro benzylidene), 2f (2-hydroxy benzylidene), 2h (3-hydroxy-4-methoxy benzylidene), 2i (4mehtoxy benzylidene), and 2j (2-hydroxy-5-bromo benzylidene) displayed hydrogen bonding (2.5595, 3.2861,
3.2597, 3.2326, and 3.2206 Å) with OH group of Ser530.
Further, the oxygen atom of 4-mehtoxy benzylidene group
in compound 2i displayed additional hydrogen bonds with
OH group of Tyr355 (3.4396 Å) and NH group of Arg120
(3.1412 Å) residues. In the case of compounds 2f
(3.5182 Å) and 2j (3.4431 Å), the oxygen atom of
2-hydroxy benzylidene group exhibited hydrogen bonding
with OH group of Ser530, while for compound 2b, the
nitrogen atom of 3-nitro benzylidene group exhibited
hydrogen bonding (3.2988 Å, 3.0191 Å) with the OH
group of Tyr385 and Ser530 residues, respectively. However, the oxygen atom of 3-nitro benzylidene group in
compound 2b also displayed hydrogen bonding with OH
group of Tyr385 amino acid residue. The docking results of
the active compounds showed conserved hydrogen bondings with both the residues Ser530 and Tyr385, which is
essential for the inhibition of COX-2 enzyme (38). Thus, in
silico results provide an insight into the interactions of
phenylalanine Schiff bases with respect to COX-2 enzyme.

Med Chem Res (2015) 24:1988–2004

1995

Fig. 3 (a) Secondary structure
(complete protein) of
cyclooxygenase-2 enzyme
(PDB ID: 1PXX) complexed
with DIF701.A (Diclofenac),
showing its dimeric nature with
two identical subunits in each
monomer (Rowlinson
et al., 2003); (b) chain A
colored in orange (part of
complete protein) complexed
with DIF701.A (Color figure
online)

Conclusion
In this communication, we report the synthesis, spectral
studies, and pharmacological evaluation of novel series of
methyl-[2-(substituted benzylidene amino)]-3-phenyl propionate (2a–j) derivatives, derived from a well-known antiinflammatory scaffold Phenylalanine. Acute toxicity
experiments of the title compounds displayed no toxic
effects even at high doses (2,000 mg/kg b.w). The anti-

inflammatory effects of the test compounds were assessed
by using in vivo acute model of carrageenan-induced rat
paw edema. Compound 2e exhibited most promising antiinflammatory activity, while moderate to good activity was
observed for compounds 2b, 2h, 2i, and 2j. In addition,
compounds 2e and 2j also exhibited significant analgesic
(acetic acid induced writhing model) and antipyretic
activity (yeast-induced pyrexia model). In comparison to
the standard NSAIDs, least ulcerogenic property was
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Table 4 Ulcerogenic activity data of selected compounds in comparison with standard NSAIDs
Compound

Ulcer index rangea

Control

1.048–1.614

2b

3.760–4.184

2e

2.274–2.550

2h

2.709–2.985

2i

1.992–2.294

2j

3.050–3.316

Diclofenac

5.335–6.213

Aspirin
Flurbiprofen

3.998–4.662
5.172–6.066

on Thermo Nicolet IR 200 FT-IR Spectrometer (Madison,
WI, USA) by using KBr pellets. The 1H NMR and 13C NMR
were recorded on Bruker AVANCE 400 (Bruker, Rheinstetten/Karlsruhe, Germany) using either DMSO-d6 or
CDCl3 as solvent. Chemical shifts are reported in d ppm units
with respect to TMS as internal standard. The elemental
analysis (C, H, N) of the compounds were performed on
Heraeus CHN rapid analyzer. Results of elemental analysis
were within ±0.4 % of the theoretical values. The in vivo
acute anti-inflammatory activity was carried out using digital
plethysmometer (Ugo-Basile, Italy) and antipyretic activity
was carried out using Elico telethermometer (Hyderabad,
India).

a

The results are expressed as ulcer index values from minimum to
maximum range

observed for the tested compounds. Further, on comparison of results of Tables 1 and 5, it can be concluded
that the synthesized compounds exhibited excellent antiinflammatory activity by selective inhibition of COX-2
enzyme, whereas the reference drug Diclofenac displayed
non- selective inhibition with higher COX-1 inhibition as
compared to COX-2. Molecular binding interaction pattern of the title compounds with the target COX-2
enzyme (PDB ID: 1PXX) was effectually generated with
the help of docking simulations and all the relevant
interactions requisite for 1PXX inhibition were exhibited.
Further, the binding affinity/energies (MolDock score)
calculated by docking studies on COX-2 enzyme were in
agreement with the observed experimental results. In
conclusion, compounds 2e and 2j have presented the
most encouraging results and could be further exploited
for developing novel anti-inflammatory agents with better
efficacy and safety.

Experimental

Synthesis
Synthesis of methyl-2-amino-3-phenylpropanoate
hydrochloride (1)
To a cool (ice-bath) constantly stirred absolute methanol
(45 ml), thionyl chloride (0.05 mol, 4.3 ml) was added in a
drop wise manner. To this solution, L-phenylalanine
(0.05 mol, 8.259 g) was added in small portions, maintaining the temperature below 5 °C. The solution was in
vacuo concentrated to dryness (Bodor et al., 1976). Dry
ether was added to the residue, and the solution was cooled
overnight. The compound (1) was obtained as a white
crystalline solid. Yield: 83.1 %. mp 154–156 °C. UV
(CH3OH, kmax): 262.0 (e: 11,320). IR spectra (KBr mmax,
cm-1): 3,478.76 (N–H str), 3,022.32 (C–H str), 1,747.09
(C=O str). 1H NMR (400 MHz, CDCl3, d, ppm): 8.82 (s,
3H, NH proton o NH2), 7.67–7.63 (d, 2H, J = 8.3 Hz, Ar–
H), 7.13–7.06 (m, 3H, Ar–H), 4.70 (t, 1H, CH), 3.65 (s, 3H,
COOCH3), 3.31–3.23 (d, 2H, CH2). 13C NMR (101 MHz,
CDCl3, d, ppm): 184.3 (C=O), 142.7, 131.3, 129.8, 128.4,
127.2, 125.5, 68.1 (methine), 53.6 (COOCH3), 37.9 (CH2).
Elemental (CHN) analysis calculated for C10H14ClNO2: C,
55.68; H, 6.55; N, 6.47 (Found: C, 55.70; H, 6.53; N, 6.50).

Chemistry protocols
All research chemicals and reagents were purchased from
commercial supplier (Sigma–Aldrich). Various NSAIDs
used in this work were received as a gift sample from Sapco
Laboratories Pvt. Ltd., Chennai (Tamilnadu, India). Solvents
except laboratory reagent grade were dried and purified
according to the literature when necessary. The progress of
reactions and purity of compounds were monitored by TLC
(TLC, E. Merck and Co., Darmstadt, Germany).
Melting points of synthesized compounds were determined in Thermonik (Mumbai, India) mp apparatus and are
uncorrected. UV spectra were recorded on Thermo Spectronic (Rochester, NY, USA) and IR spectra were recorded
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General procedure for the synthesis of methyl-2(substituted benzylideneamino)-3-phenyl propionate (2a–j)
A mixture of methyl-2-amino-3-phenylpropanoate hydrochloride (1, 0.01 mol, 2.15 g) and an appropriately
substituted aromatic aldehyde (0.01 mol) was dissolved in
40 ml of anhydrous butanol with constant stirring. To this,
triethylamine (0.015 mol, 1.011 g) was slowly added and
stirring was continued for 1–2 h at 50 °C. The reaction
mixture was further refluxed for 8–14 h using Dean stark
apparatus to remove the in situ water formed. The reaction
mass was cooled to room temperature, excess solvent was
then removed under reduced pressure and left overnight
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Fig. 4 Showing the compounds docked in best of their conformation
(pose) into the binding site of 1PXX. (a) Binding orientation of
DIF701 (Diclofenac) forming 1H bond with Ser530 and 1H bond with
Tyr385; (b) Binding mode of compound 2b forming 1H bond with
Ser530 and 2H bonds with Tyr385; (c) Binding mode of compound 2e
forming 2H bonds with Ser530 and 2H bonds with Tyr385;

(d) Binding mode of compound 2h forming 2H bonds with Ser530,
1H bond with Tyr385, 1H bond with Tyr355, and 1H bond with
Arg120; (e) Binding mode of compound 2i forming 2H bonds with
Ser530, 1H bond with Tyr385, 1H bond with Tyr355 and 1H bond
with Arg120; (f) Binding mode of compound 2j forming 3H bonds
with Ser530 and 1H bond with Tyr385

(Danilova et al., 2003). The precipitate formed was washed
with hexane; the residue obtained was separated by filtration. Further, the title compounds were purified by

recrystallization with appropriate solvent. The physicochemical properties of these compounds are summarized in
Table 1.
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57.25 ± 1.96 (18.25)
82.72 ± 0.62 (06.75)
53.37 ± 1.74 (19.75)
68.36 ± 2.29 (13.50)
85.40 ± 2.18 (05.50)
69.25 ± 1.93 (11.50)
60.61 ± 1.80 (15.75)
77.59 ± 2.18 (09.50)
79.86 ± 1.82 (08.25)
80.24 ± 2.34 (07.50)

54.63 ± 2.46 ([50)c

24.20 ± 2.15 ([50)

43.52 ± 1.82 ([50)

31.83 ± 2.41 ([50)

19.55 ± 2.27 ([50)

33.56 ± 1.17 ([50)

47.19 ± 1.58 ([50)

27.08 ± 1.64 ([50)

23.11 ± 2.77 ([50)

21.12 ± 2.38 ([50)

90.64 ± 1.15 (06.25)

2.8 ± 0.35 (14.00)

2a

2b

2c

2d

2ed

2f

2g

2h

2i

2j

Diclofenac

Celecoxib

–

-96.1429

-106.8680

-106.2410

-104.1260

-97.4590

-101.3170

-116.6310

-101.8860

-88.0093

-111.4660

-88.1832

Moldock score
(Kcal/mol)

–

-109.698

-133.390

-133.227

-125.150

-117.768

-125.550

-128.639

-120.568

-114.810

-136.308

-115.605

E-Inter
(protein–ligand)

–

02

04

05

04

03

04

03

03

03

03

03

No.

–

-5.0000

-6.19583

-8.33278

-9.68274

-6.22642

-5.16352

-7.20982

-7.29100

-6.00872

-6.50553

-6.08494

(Kcal/mol)

H-Bonds

–

19

22

22

23

21

21

22

22

21

23

21

Heavy
atoms
count

–

-5.06010

-4.85764

-4.82913

-4.52721

-4.6409

-4.82460

-5.30142

-4.63120

-4.19092

-4.84636

-4.19920

LE1

–

-3.8105

-3.75651

-3.82280

-3.41093

-3.92466

-3.71317

-4.13171

-3.28817

-3.01304

-4.14901

-2.94626

LE3

–

-586.010

-563.699

-554.732

-571.461

-535.173

-553.791

-543.408

-536.013

-536.551

-561.661

-539.953

Docking score
(Kcal/mol)

–

-72.4004

-82.6432

-84.1016

-78.4515

-82.4179

-77.9766

-90.8976

-72.3397

-63.2738

-95.4273

-61.8714

Rerank score
(Kcal/mol)

d

Compound exhibited high- binding energy (Moldock score)

Experiments were carried out in triplicate at 10 lg/ml and have less than 10 % error

Values in bracket are IC50 in lM

c

Values are acquired using in vitro ovine COX-1/COX-2 assay kit (Catalog No. 760 111, Cayman Chemicals Inc., Ann Arbor, MI)

b

a

H. Bonds: Hydrogen bonding energy between protein and ligand, LE1(Ligand Efficiency): MolDock score divided by heavy atoms count, LE3: Rerank score divided by heavy atoms count

97.94 ± 2.72 (0.04)

48.58 ± 1.42 (15.0)

COX-2

% Inhibitiona,b

COX-1

Compound

Table 5 In vitro COX-1/COX-2 inhibition data along with Moldock scores and other energy calculations of the title compounds (2a–j) by MVD-2013 (6.0) against 1PXX
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Methyl-2-(4-fluorobenzylideneamino)-3-phenylpropionate
(2a)
This was obtained by reacting methyl-2-amino-3-phenylpropanoate hydrochloride (1, 2.15 g) and 4-fluorobenzaldehyde (1.241 g) as described in the general procedure and
isolated as white fluffy crystalline solid. Yield: 63.5 %. mp
210–212 °C. UV (CH3OH, kmax): 258 (e: 16,586). IR
spectra (KBr, mmax, cm-1): 3,044.16 (C–H str), 1,740.42
(C=O str), 1,601.79 (CH=N str). 1H NMR (400 MHz,
CDCl3, d, ppm): 8.82 (s, 1H, CH=N), 8.08–8.03 (d, 2H,
J = 8.3 Hz, Ar–H), 7.84–7.80 (d, 2H, J = 8.7 Hz, Ar–H),
7.52–7.48 (d, 2H, J = 8.5 Hz, Ar–H), 7.30–7.17 (m, 3H,
Ar–H), 4.87 (t, 1H, CH), 3.71 (s, 3H, COOCH3), 3.20–3.16
(d, 2H, CH2). 13C NMR (101 MHz, CDCl3, d, ppm): 179.4
(C=O), 170.2 (=CH), 158.3, 140.9, 134.6, 131.2, 130.5,
129.7, 128.7, 127.6, 122.8, 69.5 (methine), 54.1
(COOCH3), 38.6 (CH2). Elemental (CHN) analysis calculated for C17H16FNO2: C, 71.57; H, 5.64; N, 4.90 (Found:
C, 71.55; H, 5.65; N, 4.92).
Methyl 2-(3-nitrobenzylideneamino)-3-phenylpropionate
(2b)
This was obtained by reacting methyl-2-amino-3-phenylpropanoate hydrochloride (1, 2.15 g) and 3-nitrobenzaldehyde (1.511 g) as described in the general procedure and
isolated as pale yellow colored crystals. Yield: 73.2 %. mp
256–258 °C. UV (CH3OH, kmax): 265 (e: 14,040). IR
spectra (KBr, mmax, cm-1): 3,017.46 (C–H str), 1,729.14
(C=O str), 1,617.46 (CH=N str); 1H NMR (400 MHz,
CDCl3, d, ppm): 8.95 (s, 1H, CH=N), 8.11 (s, 1H, Ar–H),
7.98–7.90 (m, 3H, Ar–H), 7.69–7.65 (d, 2H, J = 8.9 Hz,
Ar–H), 7.14–7.01 (m, 3H, Ar–H), 4.83 (t, 1H, CH), 3.64 (s,
3H, COOCH3), 3.39–3.31 (d, 2H, CH2). 13C NMR
(101 MHz, CDCl3, d, ppm): 181.8 (C=O), 172.3 (=CH),
157.9, 141.2, 135.1, 131.8, 130.2, 129.3, 128.4, 126.7,
123.5, 68.9 (methine), 52.7 (COOCH3), 40.2 (CH2). Elemental (CHN) analysis calculated for C17H16N2O4: C,
65.39; H, 5.15; N, 8.96 (Found: C, 65.38; H, 5.15; N, 8.98).
Methyl-2-(4-chlorobenzylideneamino)-3-phenylpropionate
(2c)
This was obtained by reacting methyl-2-amino-3-phenylpropanoate hydrochloride (1, 2.15 g) and 4-chlorobenzaldehyde
(1.405 g) as described in the general procedure and isolated as
vanilla colored crystalline solid. Yield: 64.8 %. mp
244–247 °C. UV (CH3OH, kmax): 260 (e: 14,328). IR spectra
(KBr, mmax, cm-1): 3,033.17 (C–H str), 1,748.47 (C=O str),
1,602.96 (CH=N str). 1H NMR (400 MHz, CDCl3, d, ppm):
8.67 (s, 1H, CH=N), 8.03–7.99 (d, 2H, J = 8.1 Hz, Ar–H),
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7.76–7.73 (d, 2H, J = 8.5 Hz, Ar–H), 7.47–7.41 (d, 2H,
J = 8.8 Hz, Ar–H), 7.05–6.96 (m, 3H, Ar–H), 4.71 (t, 1H,
CH), 3.60 (s, 3H, COOCH3), 3.13–3.07 (d, 2H, CH2). 13C
NMR (101 MHz, CDCl3, d, ppm): 177.5 (C=O), 169.4
(=CH), 155.8, 143.4, 134.2, 132.1, 131.4, 129.7, 128.2, 126.0,
123.8, 70.2 (methine), 53.5 (COOCH3), 37.8 (CH2). Elemental (CHN) analysis calculated for C17H16ClNO2: C,
67.65; H, 5.33; N, 4.66 (Found: C, 67.68; H, 5.35; N, 4.65).
Methyl-2-(3-methoxylbenzylideneamino)-3phenylpropionate (2d)
This was obtained by reacting methyl-2-amino-3-phenylpropanoate hydrochloride (1, 2.15 g) and 3-methoxybenzaldehyde (1.362 g) as described in the general
procedure and isolated as off white colored crystalline
solid. Yield: 70.3 %. mp 232–234 °C. UV (CH3OH,
kmax): 266 (e: 10,157). IR spectra (KBr, mmax, cm-1):
2,997.37 (C–H str), 1,727.09 (C=O str), 1,606.14 (CH=N
str). 1H NMR (400 MHz, CDCl3, d, ppm): 8.53 (s, 1H,
CH=N), 8.02 (s, 1H, Ar–H), 7.90–7.82 (m, 3H, Ar–H),
7.57–7.52 (d, 2H, J = 8.4 Hz, Ar–H), 7.25–7.17 (m, 3H,
Ar–H), 4.77 (t, 1H, CH), 3.83 (s, 3H, OCH3), 3.68 (s, 3H,
COOCH3), 3.24–3.13 (d, 2H, CH2). 13C NMR (101 MHz,
CDCl3, d, ppm): 178.7 (C=O), 170.1 (=CH), 158.6,
142.1, 132.9, 131.5, 130.6, 129.3, 128.4, 125.3, 121.2,
118.6, 67.3 (methine), 56.6 (OCH3), 51.6 (COOCH3),
36.3 (CH2). Elemental (CHN) analysis calculated for
C18H19NO3: C, 72.72; H, 6.45; N, 4.70 (Found: C, 72.70;
H, 6.45; N, 4.68).
Methyl-2-(2,4-dichlorobenzylideneamino)-3phenylpropionate (2e)
This was obtained by reacting methyl-2-amino-3-phenylpropanoate hydrochloride (1, 2.15 g) and 2,4-dichlorobenzaldehyde (1.750 g) as described in the general
procedure and isolated as greenish yellow colored crystalline solid. Yield: 69.8 %; mp 263–266 °C. UV (CH3OH,
kmax): 258 (e: 16,644). IR spectra (KBr, mmax, cm-1):
3,019.73 (C–H str), 1,726.54 (C=O str), 1,590.02 (CH=N
str). 1H NMR (400 MHz, CDCl3, d, ppm): 8.60 (s, 1H,
CH=N), 7.81–7.75 (d, 2H, J = 8.2 Hz, Ar–H), 7.49–7.45
(d, 2H, J = 8.8 Hz, Ar–H), 7.33 (s, 1H, Ar–H), 6.95–6.84
(m, 3H, Ar–H), 4.54 (t, 1H, CH), 3.69 (s, 3H, COOCH3),
3.10–3.02 (d, 2H, CH2). 13C NMR (101 MHz, CDCl3, d,
ppm): 182.7 (C=O), 172.5 (=CH), 160.2, 154.1, 143.9,
133.3, 131.2, 130.2, 129.0, 128.2, 125.5, 121.0, 118.2, 69.6
(methine), 51.8 (COOCH3), 39.7 (CH2). Elemental (CHN)
analysis calculated for C17H15Cl2NO2: C, 60.75; H, 4.48;
N, 4.16 (Found: C, 60.70; H, 4.52; N, 4.19).
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Methyl-2-(2-hydroxybenzylideneamino)-3phenylpropionate (2f)
This was obtained by reacting methyl-2-amino-3-phenylpropanoate hydrochloride (1, 2.15 g) and 2-hydroxybenzaldehyde (1.222 g) as described in the general procedure
and isolated as white crystalline solid. Yield: 82.5 %. mp
208–212 °C. UV (CH3OH, kmax): 259 (e: 19,756). IR
spectra (KBr, mmax, cm-1): 3,027.19 (C–H str), 1,721.24
(C=O str), 1,601.51 (CH=N str). 1H NMR (400 MHz,
CDCl3, d, ppm): 8.74 (s, 1H, CH=N), 7.94–7.91 (d, 2H,
J = 8.8 Hz, Ar–H), 7.67–7.62 (d, 2H, J = 8.2 Hz, Ar–H),
7.54–7.50 (d, 2H, J = 8.3 Hz, Ar–H), 7.12–7.03 (m, 3H,
Ar–H), 5.84 (s, 1H, OH, D2O exchangeable), 4.80 (t, 1H,
CH), 3.62 (s, 3H, COOCH3), 3.15–3.09 (d, 2H, CH2). 13C
NMR (101 MHz, CDCl3, d, ppm): 176.4 (C=O), 168.9
(=CH), 161.5, 157.3, 151.6, 141.2, 132.1, 131.0, 130.3,
129.4, 128.1, 125.2, 122.3, 119.5, 69.0 (methine), 53.3
(COOCH3), 36.3 (CH2). Elemental (CHN) analysis calculated for C17H17NO3: C, 72.08; H, 6.05; N, 4.93 (Found: C,
72.05; H, 6.02; N, 4.96).
Methyl-2-(4-methylbenzylideneamino)-3-phenylpropionate
(2g)
This was obtained by reacting methyl-2-amino-3-phenylpropanoate hydrochloride (1, 2.15 g) and 4-methylbenzaldehyde (1.202 g) as described in the general procedure and
isolated as white colored crystalline solid. Yield: 51.4 %. mp
270–274 °C. UV (CH3OH, kmax): 279 (e: 22,601). IR spectra
(KBr, mmax, cm-1): 3,004.52 (C–H str), 1,742.55 (C=O str),
1,582.10 (CH=N str). 1H NMR (400 MHz, CDCl3, d, ppm):
8.58 (s, 1H, CH=N), 8.14–8.09 (d, 2H, J = 8.4 Hz, Ar–H),
7.85–7.80 (d, 2H, J = 8.0 Hz, Ar–H), 7.32–7.29 (d, 2H,
J = 8.8 Hz, Ar–H), 6.92–6.83 (m, 3H, Ar–H), 4.57 (t, 1H,
CH), 3.59 (s, 3H, COOCH3), 3.01–2.94 (d, 2H, CH2), 1.47 (s,
3H, CH3). 13C NMR (101 MHz, CDCl3, d, ppm): 179.0
(C = O), 165.2 (= CH), 154.1, 143.5, 133.4, 131.6, 130.1,
129.0, 127.7, 125.1, 122.4, 120.2, 68.4 (methine), 52.9
(COOCH3), 35.4 (CH2), 21.7 (CH3). Elemental (CHN)
analysis calculated for C18H19NO2: C, 76.85; H, 6.80; N,
4.97 (Found: C, 76.87; H, 6.82; N, 4.99).
Methyl-2-(3-hydroxy-4-methoxybenzylideneamino)-3phenylpropionate (2h)
This was obtained by reacting methyl-2-amino-3-phenylpropanoate hydrochloride (1, 2.15 g) and 3-hydroxy-4methoxybenzaldehyde (1.521 g) as described in the general
procedure and isolated as caramel colored crystalline solid.
Yield: 65.6 %. mp 216–218 °C. UV (CH3OH, kmax): 301
(e: 15,963). IR spectra (KBr, mmax, cm-1): 3,054.13 (C–H
str), 1,742.86 (C=O str), 1,580.86 (CH=N str). 1H NMR
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(400 MHz, CDCl3, d, ppm): 8.93 (s, 1H, CH=N), 8.20 (s,
1H, Ar–H), 8.09–8.02 (d, 2H, J = 9.0 Hz, Ar–H),
7.73–7.69 (d, 2H, J = 8.1 Hz, Ar–H), 7.20–7.09 (m, 3H,
Ar–H), 5.75 (s, 1H, OH, D2O exchangeable), 4.64 (t, 1H,
CH), 3.81 (s, 3H, OCH3), 3.57 (s, 3H, COOCH3), 3.14-3.07
(d, 2H, CH2). 13C NMR (101 MHz, CDCl3, d, ppm): 179.8
(C=O), 171.3 (=CH), 160.6, 154.1, 143.7, 133.3, 131.6,
130.1, 129.0, 128.1, 125.5, 122.7, 119.9, 70.4 (methine),
55.7 (OCH3), 53.2 (COOCH3), 41.5 (CH2). Elemental
(CHN) analysis calculated for C18H19NO4: C, 68.99; H,
6.13; N, 4.46 (Found: C, 69.02; H, 6.12; N, 4.45).
Methyl-2-(4-methoxylbenzylideneamino)-3phenylpropionate (2i)
This was obtained by reacting methyl-2-amino-3-phenylpropanoate hydrochloride (1, 2.15 g) and 4-methoxybenzaldehyde (1.362 g) as described in the general procedure and
isolated as light yellowish white colored crystalline solid.
Yield: 68.1 %. mp 222–225 °C. UV (CH3OH, kmax): 295 (e:
20,849). IR spectra (KBr, mmax, cm-1): 2,984.95 (C–H str),
1,745.57 (C=O str), 1,604.79 (CH=N str). 1H NMR
(400 MHz, CDCl3, d, ppm): 8.70 (s, 1H, CH=N), 8.13–8.08
(d, 2H, J = 8.5 Hz, Ar–H), 7.55–7.45 (d, 2H, J = 8.4 Hz,
Ar–H), 7.19–7.16 (d, 2H, J = 8.1 Hz, Ar–H), 6.92–6.82 (m,
3H, Ar–H), 4.88 (t, 1H, CH), 3.77 (s, 3H, OCH3), 3.55 (s, 3H,
COOCH3), 3.02-2.87 (d, 2H, CH2). 13C NMR (101 MHz,
CDCl3, d, ppm): 176.2 (C=O), 168.5 (=CH), 156.0, 150.5,
141.9, 134.4, 132.1, 130.7, 129.2, 128.0, 124.8, 121.4, 117.6,
68.6 (methine), 56.4 (OCH3), 52.0 (COOCH3), 37.3 (CH2).
Elemental (CHN) analysis calculated for C18H19NO3: C,
72.70; H, 6.43; N, 4.70 (Found: C, 72.73; H, 6.46; N, 4.69).
Methyl-2-(5-bromo-2-hydroxybenzylideneamino)-3phenylpropionate (2j)
This was obtained by reacting methyl-2-amino-3-phenylpropanoate hydrochloride (1, 2.15 g) and 5-bromo-2hydroxybenzaldehyde (2.010 g) as described in the general
procedure and isolated as pale brownish cream colored
crystalline solid. Yield: 67.4 %. mp 238–240 °C. UV
(CH3OH, kmax): 332 (e 26,654). IR spectra (KBr, mmax,
cm-1): 3,040.89 (C–H str), 1,743.17 (C=O str), 1,612.10
(CH=N str). 1H NMR (400 MHz, CDCl3, d, ppm): 8.74 (s,
1H, CH=N), 8.21 (s, 1H, Ar–H), 7.74–7.68 (d, 2H,
J = 8.5 Hz, Ar–H), 7.28–7.23 (d, 2H, J = 8.8 Hz, Ar–H),
6.97–6.85 (m, 3H, Ar–H), 5.59 (s, 1H, OH, D2O
exchangeable), 4.45 (t, 1H, CH), 3.63 (s, 3H, COOCH3),
2.93–2.80 (d, 2H, CH2). 13C NMR (101 MHz, CDCl3, d,
ppm): 180.5 (C=O), 171.3 (=CH), 162.1, 155.5, 151.8,
142.0, 133.8, 131.3, 130.5, 129.0, 127.6, 124.2, 121.5,
118.3, 67.9 (methine), 53.8 (COOCH3), 36.8 (CH2).
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Elemental (CHN) analysis calculated for C17H16BrNO3: C,
56.38; H, 4.45; N, 3.86 (Found: C, 56.35; H, 4.46; N, 3.89).
Pharmacological evaluation
Animals
Albino mice of either sex weighing 20–25 g were used for
acute toxicity studies and analgesic activity. Healthy male
albino adult rats weighing 150–230 g were used for various
pharmacological screenings. Animals were procured from
Venkateshwara Enterprises, Bangalore, India, (245/CPCSEA) and housed individually in polypropylene cages,
maintained under standard conditions of alternating 12 h
light and dark cycles at a constant temperature (25 ± 2 °C
and 35–60 % relative humidity). The pharmacological
evaluations were conducted after obtaining ethical clearance from Animal Ethical Committee of KLES’s College
of Pharmacy, Hubli (India). Animals were fed with standard rat pellet diet, (Hindustan Lever Ltd., Mumbai, India)
and water ad libitum.
Preparation of test compounds
After suspending the test compounds in 0.5 % aqueous
solution of sodium carboxymethyl cellulose (sodium CMC),
they were administered to animals orally. The control group
animals received appropriate volumes of vehicle and reference drugs. The experimental animal handling procedure
followed was similar for all groups of animals.
Acute toxicity
The acute toxicity test was carried out as per the guidelines
of Organization for Economic Co-operation and Development (OECD, 2008) to establish the effective dose of test
compounds. Albino mice of either sex weighing between
20 and 25 g were grouped into 12 groups of six animals
each, starved for 24 h with water ad libitum prior to test.
On the day of the experiment, animals were administered
with different compounds to different groups in an
increasing dose of 10, 20, 100, 200, 1,000, and 2,000 mg/
kg b.w. orally. The animals were then observed continuously for 3 h for general behavioral, neurological, autonomic profiles now and then every 30 min for next 3 h and
finally for next 24 h or till death.
Acute anti-inflammatory activity
In vivo acute anti-inflammatory activity was evaluated using
carrageenan-induced rat paw edema assay model (Winter
et al., 1962) for the compounds listed in Table 1. Male albino
rats (170–220 g) were fasted with free access to water at
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least 12 h prior to experiments and were divided randomly
into 12 groups of six each. Control group received 1 ml of
0.5 % sodium CMC, standard group received 13.5 mg/kg
b.w. of Diclofenac and test groups received 200 mg/kg b.w.
of synthesized compounds (2a–j). The rats were dosed
orally, 1 h later; a subplantar injection of 0.05 ml of 1 %
solution of carrageenan in sterile distilled water was
administered to the left hind footpad of each animal. The
paw edema volume was measured with a digital plethysmometer at 0, 2nd, 4th h after carrageenan injection. Paw
edema volume was compared with vehicle control group and
percent reduction was calculated as 1—(edema volume in
the drug-treated group/edema volume in the control group)
9 100.
Analgesic activity
Analgesic activity was evaluated using glacial acetic acidinduced writhing movements model (Koster et al., 1959)
for the compounds listed in Table 2. Twenty-four hours
prior to actual testing a large number of mice (20–25 g)
received intraperitoneally 10 ml/kg 0.6 % glacial acetic
acid. Animals were observed for writhing movements.
Only those showing one or other type of writhing movements (positive responders) were chosen for the test on the
next day. On the test day, the responders received compounds half an hour prior to glacial acetic acid challenge.
Compounds listed in Table 2 were orally administered at a
dose of 200 mg/kg b.w. as a suspension in 0.5 % sodium
CMC. Standard drug used was Diclofenac at a dose of
19.5 mg/kg as a suspension in 0.5 % sodium CMC. Each
mouse was then observed for the total number of stretching
episodes or writhings for 15 min following glacial acetic
acid injection. The mean value for each group was
calculated.
Antipyretic activity
Male albino rats weighing between 170 and 230 g were
injected subcutaneously with 2.5 ml of 20 % aqueous
suspension of baker’s yeast (Loux et al., 1972). Rectal
temperature was recorded using telethermometer prior to
and at 18 h after yeast injection. The first reading recorded
at 18th h after yeast injection was considered as 0 h. Rats
developing satisfactory pyrexia (raise in body temperature
1–3 °C) were divided into seven groups of six animals
each. Thirty minutes after the 18th h reading, animals of
control group received orally 1 ml of 0.5 % sodium CMC,
while the standard group received 135 mg/kg b.w. of
Paracetamol, and the test groups received the compounds
2b, 2e, 2h, 2i, and 2j at a dose of 200 mg/kg b.w. Temperatures were recorded hourly up to 5th h after dosing.
The mean temperatures after the treatment were compared
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with those of 18th h and expressed as a temperature index
(TI), which was the sum of mean temperature changes from
the 0 h.
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Escore ¼ Einter þ Eintra
where Escore = MolDock score,
Einter ¼ ligand  Protein interaction,

Ulcerogenic activity
Albino rats of either sex were divided into control, different standard, and various test groups of six animals each
group (170–250 g). They were starved for 48 h (water
ad libitum) prior to drug administration. Control group
received only 0.5 % sodium CMC solution, standard
groups were orally administered with Diclofenac, Aspirin,
and Flurbiprofen in sodium CMC solution, at the dose of
10 mg/kg b.w., respectively. The test compounds as listed
in Table 4 were administered orally at the dose of 200 mg/
kg b.w. All animals were sacrificed after 7 h of drug
administration. Stomach was removed and placed on saline-soaked filter paper until inspection. A longitudinal
incision along the greater curvature was made with fine
scissors. The stomach was everted over the index finger,
and the presence or absence of gastric irritation was
determined (Vogel, 2002). The ulcer index for each group
was determined according to a previously reported method
(Alich et al., 1983) by counting the number of lesions (x) in
each of five size classes (y). The classes were defined as
y = 1 (pinpoint lesion), y = 2 (lesions \1 mm diameter),
y = 3 (lesions 1–2 mm diameter), y = 4 (lesions 2–4 mm
diameter), and y = 5 (lesions [4 mm diameter). The ulcer
index was calculated using R5i = 1xi yi.
In vitro cylcooxygenase (COX) inhibition studies
The selected compounds listed in Table 5 were tested for
their ability to inhibit COX-2/COX-1 using a colorimetric
in vitro COX (ovine) inhibitor screening kit (catalog no.
760111, Cayman Chemicals Inc., Ann Arbor, MI, USA)
using the previously established method (Kulmacz and
Lands, 1983). The percentage of inhibition of COX-1 and
COX-2 was calculated by the comparison of the sample
treated incubations to control incubations. Diclofenac and
Celecoxib were used as reference standards in the study.
Docking methodology
Molecular docking studies of the synthesized compounds
(2a–j) were performed in order to rationalize the obtained
biological results. Molecular docking studies were helpful
and provided better insights to understand and correlate in
detail the various interactions that occur between the ligand
and enzyme active site. Docking study was carried out
using MVD-2013 (version: 6.0). MolDock scoring function
used by MVD program is defined by:
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Eintra ¼ internal energy of the ligand:
MolDock is based on a new heuristic search algorithm
that combines differential evolution with a cavity
prediction algorithm. The docking scoring function of
MolDock is an extension of the piecewise linear potential
(PLP) including new hydrogen bonding and electrostatic
terms. To further improve docking accuracy, a re-ranking
scoring function was introduced, which identifies the most
promising docking explanation from the results obtained
by the docking algorithm (Thomsen and Christensen,
2006).
The selected compounds/ligands were built using
Chemdraw10.0. The 2D structures were then converted
into energy minimized 3D structures which were saved as
MDL MolFile (.mol2). The coordinate file and crystal
structure of COX-2 (PDB ID: 1PXX) were obtained from
the RCSB PDB website. The protein file was prepared by
the removal of water molecules, addition of polar
hydrogens, and removal of other bound ligands. In the
present study, the binding site was selected based on the
amino acid residues, which are involved in binding with
DIF701A of COX-2 as obtained from protein data bank,
which would be considered as the probable best accurate
region as it is solved by experimental crystallographic
data (Rowlinson et al., 2003). The docking protocol was
carried out for synthesized compounds/ligands as listed in
Table 5 using MVD-2013 (6.0) software using the standard operating procedures (Kalgutkar et al., 1998; Molegro ApS, 2013).
Statistical analysis
Statistical analysis was performed by one-way analysis of
variance (ANOVA) followed by Dunnett’s t test for multiple comparisons of all compounds in various pharmacological assays. Data are expressed as Mean ± SEM. The
significance of difference was accepted at p \ 0.05.
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Abstract: In this research work, a series of eighteen novel coumarinyl substituted thiazolidin-2,4-dione analogs
(4a-4r) have been designed by molecular hybridization approach, synthesized and their structures were established
on the basis of FTIR, 1H NMR, 13 C NMR and elemental (CHN) analysis. These title compounds were screened for
M.B. Palkar
their cytotoxicity using MTT assay methodology against five different mammalian cancer cell lines viz. hormone
dependant breast adenocarcinoma (MCF7), cervical carcinoma (HeLa), colorectal carcinoma (HT29), lung cancer (A549) and prostate
adeno carcinoma (PC3). The cytotoxicity screening studies revealed that MCF-7, HeLa and A549 cancer cell lines were sensitive to all
the tested compounds. Though the compounds showed varying degrees of cytotoxicity in the tested cell lines, most significant effect was
observed for compounds 4i (1.06, 2.4 and 3.06 µM) and 4o (0.95, 3.2 and 2.38 µM) against MCF7, HeLa and A549 cell lines
respectively. In conclusion, the anticancer results of these promising leads strongly encouraged us for additional lead optimization with
the aim of developing more potential anticancer agents.

Keywords: Anticancer activity, Coumarin, Cytotoxicity, MTT assay, Thiazolidin-2,4-dione.
INTRODUCTION
Cancer, a group of diseases, where there is a rapid uncontrolled
proliferation of abnormal premature cells, can be aggressive,
invasive and/or metastatic (spread to other locations in body). At
present, cancer is a grave health problem and one of the most
formidable afflictions in the world. Cancer affect people at all ages
right from fetuses, but the threat for the more general varieties tends
to increase with age [1]. The active cases of cancer are increasing at
an alarming rate due to radical transformation in lifestyle of humans
over the years. From the online database of the International
Agency for Research on Cancer (IARC), it is estimated that almost
28 types of cancer have been recorded in 184 countries worldwide.
In 2012, the World Health Organization (WHO) fact sheets
revealed that there were around 14.1 million new cases of cancer
with 8.2 million cancer-related deaths worldwide. Further, the lung
(1.8 million, 13.0% of the total), breast (1.7 million, 11.9%), and
colorectum (1.4 million, 9.7%) were the majority of diagnosed
cancers worldwide, whereas the cancers of the lung (1.6 million,
19.4% of the total), liver (0.8 million, 9.1%), and stomach (0.7
million, 8.8%) were the most common causes of cancer death [2].
Thus there is an ample need for the design and development of new
effective anticancer agents. Despite increase in sophisticated
approach in designing cancer chemotherapy, there is still no
curative treatment that is 100% effective. Currently cancer
chemotherapeutic agents’ lack selectivity and specificity against
cancerous cells/tissues which is a significant setback. Consequently,
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cancer chemotherapy targeting tumor represents one of the most
significant challenges for medicinal chemists and oncologist [3].
Coumarins (2H-Chromen-2-one or benzopyran-2-ones) form a
privileged class of naturally occurring compounds that are endowed
with many promising therapeutic uses. Coumarin is a vital scaffold
because its derivatives were found to possess wide spectrum
of biological activities viz. anticancer, antiviral, anti-HIV,
antibacterial, anticoagulant, anti-inflammatory, antioxidant etc, [413]. Literature reports also suggest that the coumarins have the
potential to counter the side effects associated with radiotherapy
apart from their anticancer properties. Fig. 1 illustrates the
importance of coumarin nucleus and its analogs with their potential
anticancer activities, which has attracted substantial interest from
medicinal and organic chemists and has provided an impetus for
anticancer drug discovery in recent years. Another important class
of heterocyclic scaffold is thiazolidine-2,4-dione (TZD), which in
recent time has been acknowledged as the propitious template in
drug discovery and development. Several compounds having the
TZD moiety have been developed as promising anticancer agents
[14, 15]. In recent years, the chemistry of TZDs enthralled importance
as these compounds exhibited multiple biological activities, such as
anti-hyperglycemic, anti-inflammatory, cytotoxic, antiproliferative,
antimicrobial, dual PPARα/γ activator, antimalarial, antioxidant
etc., [16-27]. During the last decade, TZDs have been extensively
studied for their anticancer activity as represented in Fig. 1. In
addition to this, several studies have extensively reported that TZDs
suppress tumour development through the proposed mechanisms
like apoptosis induction, cell cycle arrest, and differentiation in
several in vitro and in vivo models [28, 29].
Over the years, molecular hybridization based drug design
approach [30, 31] has been exploited by many researchers in order
to develop some promising new hybrid chemical entities (NHCEs),
displaying significant therapeutic values. The amalgamation of two
pharmacophores into a single molecular skeleton is a well-known
approach for developing more potent drugs with significant
© 2015 Bentham Science Publishers
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Fig. (1). Reported and Proposed structures of anticancer coumarin and thiazolidin-2,4-dione derivatives. Design of a novel series of coumarinyl substituted
thiazolidin-2,4-dione analogs using molecular hybridization approach.

increase in biological activity [32]. Owing to their well appreciated
anticancer properties, we envisaged to design hybrid structures
having substituted coumarin and substituted TZD motifs connected
with each other (See Fig. 1). Therefore, based on the above facts
and in continuation of our research programme on biologically
active hybrid molecules [33-37], we herein report the synthesis of
novel coumarinyl substituted-thiazolidin-2,4-dione hybrid analogs
(4a-4r) with their subsequent in vitro biological evaluation for
anticancer activity.
RESULTS AND DISCUSSION
Synthetic and Spectral Studies
Synthetic methods for the preparation of N-(substituted
benzoyl)-5-((2-oxo-2H-chromen-3-yl)methylene)thiazolidine-2,4dione derivatives (4a-r) are summarized in Scheme 1. From the
scheme, it is perceptible that the coumarinyl moiety and thiazolidin2,4-dione unit have been merged in these novel heterocyclic
compounds. Reaction of 5-((2-oxo-2H-chromen-3-yl)methylene)
thiazolidine-2,4-dione (3a-c) with substituted benzoyl chloride
emerged to be expedient and efficient synthetic route to obtain the

desired final compounds. The starting material i.e. thiazolidine-2,4dione (1) was synthesized as per the previously reported method
[38] by reﬂuxing equimolar quantities of thiourea and chloroacetic
acid in water for 9 h. Further, substituted 2-oxo-2H-chromenes have
been synthesized by several synthetic routes including Perkin,
Knoevenagel, Pechmann, Reformatsky etc., [39-42]. Recently,
Rao et al. [43] have reported the synthesis of 3-aroylcoumarins
by the condensation reaction of ∝-aroylketene dithioacetals and
2-hydroxyarylaldehydes. The synthesis of 6-substituted coumarin3-carbaldehyde derivatives (2a-c) was carried out by the reaction of
2-hydroxybenzaldehyde with freshly prepared propiolyl chloride in
the presence of 4-dimethylamino pyridine (DMAP, 10 mol%) and
triethylamine (5.0 equiv) in dichloromethane (DCM) as solvent at
room temperature for 9 h [44]. Out of the numerous methods that
have been utilized for the preparation of 5-arylidene derivatives
of4-thiazolidinones, Knoevenagel condensation is the most
common which is a reaction between aromatic aldehydes and
thiazolidine-2,4-diones carried out in glacial acetic acid containing
anhydrous sodium acetate [45]. The more recent methods involve
Knoevenagel condensation of aromatic aldehydes with thiazolidine2,4-dione catalyzed by a basic functionalized ionic liquid like
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Spectral and elemental analysis data of a novel series of N-(substituted benzoyl)-5-((2-oxo-2H-chromen-3-yl)methylene) thiazolidine-2,4dione derivatives (4a-4r).

Compound

FTIR (KBr disc, cm-1)

1

4a

3056 (Ar C-H str), 1730 (C=O Str.
of coumarin), 1698, 1684 (C=O str.
of thiazolid-2,4-dione), 1662 (C=O
Str.), 1605 (aromatic C=C str).

8.57 (s, 1H, H-4 of coumarin), 8.11 (s, 1H,
-CH=), 7.89-7.75 (m, 5H, Ar-H), 7.477.31 (m, 4H, Ar-H of coumarin).

182.33, 178.06, 176.52, 164.10, 145.74,
141.07, 135.63, 130.14, 129.34, 128.06,
125.41, 124.15, 123.70, 122.0, 119.83,
117.61, 112.15, 106.34.

4b

3087 (Ar C-H str.), 1727 (C=O Str.
of coumarin), 1701, 1688 (C=O str.
of thiazolid-2,4-dione), 1660 (C=O
Str.), 1608 (aromatic C=C str.).

8.51 (s, 1H, H-4 of coumarin), 8.06 (s, 1H,
-CH=), 7.93-7.81 (m, 4H, Ar-H), 7.497.30 (m, 4H, Ar-H of coumarin).

181.80, 179.22, 176.53, 163.45, 146.77,
145.26, 137.91, 131.07, 129.72, 128.23,
125.03, 124.86, 123.07, 121.61, 120.10,
118.92, 112.61, 106.61.

4c

3047 (Ar C-H str.), 1725 (C=O Str.
of coumarin), 1700, 1686 (C=O str.
of thiazolid-2,4-dione), 1665 (C=O
Str.), 1601 (aromatic C=C str.).

8.6 (s, 1H, H-4 of coumarin), 8.18 (s, 1H,
-CH=), 7.94-7.91 (d, 2H, J = 8.2 Hz,
Ar-H), 7.82-7.77 (d, 2H, J = 8.9 Hz, ArH), 7.55-7.46 (m, 4H, Ar-H of coumarin).

185.88, 178.14, 175.92, 165.23, 145.61,
141.42, 132.13, 130.47, 129.79, 125.14,
123.94, 122.02, 120.45, 116.56, 114.42,
112.50, 110.62, 106.66.

Anal. Calcd. for
C20H 10ClNO5S C, 58.35;
H, 2.45; N, 3.41; Found: C,
58.39; H, 2.44; N, 3.42.

4d

3062 (Ar C-H str.), 1728 (C=O Str.
of coumarin), 1698, 1683 (C=O str.
of thiazolid-2,4-dione), 1656 (C=O
Str.),1606 (aromatic C=C str.).

8.55 (s, 1H, H-4 of coumarin), 7.98 (s, 1H,
-CH=), 7.90-7.86 (d, 2H, J = 8.5 Hz,
Ar-H), 7.79-7.71 (d, 2H, J = 8.4 Hz, ArH), 7.39-7.28 (m, 4H, Ar-H of coumarin),
3.81 (s, 3H, OCH3).

184.75, 178.26, 175.83, 163.18, 145.61,
141.42, 132.13, 130.47, 129.79, 125.14,
123.94, 122.02, 120.45, 116.56, 114.42,
112.50, 110.76, 106.68, 56.35.

Anal. Calcd. for
C21H 13NO6 S C, 61.90; H,
3.22; N, 3.44; Found: C,
61.94; H, 3.24; N, 3.45.

4e

3038 (Ar C-H str.), 1731 (C=O Str.
of coumarin), 1696, 1687 (C=O str.
of thiazolid-2,4-dione), 1664 (C=O
Str.), 1605 (aromatic C=C str.).

8.62 (s, 1H, H-4 of coumarin), 8.25 (s, 1H,
Ar-H), 8.04 (s, 1H, -CH=), 7.76-7.63 (m,
3H, Ar-H), 7.37-7.24 (m, 4H, Ar-H of
coumarin).

186.11, 179.05, 176.58, 164.28, 148.73,
141.05, 134.42, 130.14, 129.50, 125.46,
123.68, 122.01, 121.73, 119.76, 115.25,
112.58, 110.54, 106.61

Anal. Calcd. for
C20H 10N2O 7S C, 56.87; H,
2.39; N, 6.63; Found: C,
56.83; H, 2.42; N, 6.68.

4f

3072 (Ar C-H str.), 2941 (Methyl CH str.), 1728 (C=O Str. of
coumarin), 1699, 1685 (C=O str. of
thiazolid-2,4-dione), 1658 (C=O
Str.), 1604 (aromatic C=C str.).

8.48 (s, 1H, H-4 of coumarin), 8.03 (s, 1H,
-CH=), 7.87-7.79 (d, 2H, J = 8.3 Hz,
Ar-H), 7.72-7.65 (d, 2H, J = 8.5 Hz, ArH), 7.38-7.23 (m, 4H, Ar-H of coumarin),
1.72 (s, 3H, CH3).

183.23, 178.66, 175.30, 165.25, 145.73,
141.06, 133.93, 130.13, 129.47, 125.32,
123.68, 121.99, 119.81, 114.43, 112.58,
110.55, 106.61, 25.49.

Anal. Calcd. for
C23H 17SN 3O4 C, 64.44; H,
3.35; N, 3.58; Found: C,
64.41; H, 3.37; N, 3.54.

4g

3073 (Ar C-H str.), 1722 (C=O Str.
of coumarin), 1704, 1685 (C=O str.
of thiazolid-2,4-dione), 1657 (C=O
Str.), 1602 (aromatic C=C str.).

8.86 (s, 1H, H-5 of coumarin), 8.48 (s, 1H,
H-4 of coumarin), 8.05 (s, 1H, -CH=),
7.91-7.8 (m, 5H, Ar-H), 7.32-7.27 (d, 2H,
J = 8.4 Hz, Ar-H of coumarin).

182.91, 178.70, 175.75, 166.38, 144.29,
141.19, 135.35, 130.14, 124.96, 123.59,
122.0, 120.90, 119.80, 112.62,
110.71, 106.69

Anal. Calcd. for
C20H 10BrNO 5S C, 52.65; H,
2.21; N, 3.07; Found: C,
52.62; H, 2.16; N, 3.10.

4i

3042 (Ar C-H str.), 1725 (C=O Str.
of coumarin), 1700, 1684 (C=O str.
of thiazolid-2,4-dione), 1661 (C=O
Str.), 1605 (aromatic C=C str.).

8.7 (s, 1H, H-5 of coumarin), 8.54 (s, 1H,
H-4 of coumarin), 8.01 (s, 1H, -CH=),
7.87-7.8 (d, 2H, J = 8.7 Hz, Ar-H), 7.637.57 (d, 2H, J = 8.2 Hz, Ar-H), 7.25-7.19
(d, 2H, J = 8.8 Hz, Ar-H of coumarin).

184.07, 178.43, 176.3, 163.25, 145.73,
142.22, 135.14, 130.20, 126.71, 123.61,
122.63, 121.02, 120.08, 121.91,
110.96, 106.93

Anal. Calcd. for
C20H 9BrClNO 5S C, 48.95;
H, 1.85; N, 2.85; Found: C,
49.01; H, 1.89; N, 2.86.

4j

3063 (Ar C-H str.), 1727 (C=O Str.
of coumarin), 1697, 1684 (C=O str.
of thiazolid-2,4-dione), 1660 (C=O
Str.), 1600 (aromatic C=C str.).

8.88 (s, 1H, H-5 of coumarin), 8.53 (s, 1H,
H-4 of coumarin), 7.97 (s, 1H, -CH=), 7.97.85 (d, 2H, J = 8.6 Hz, Ar-H), 7.66-7.62
(d, 2H, J = 8.6 Hz, Ar-H), 7.28-7.22
(d, 2H, J = 8.8 Hz, Ar-H of coumarin),
3.86 (s, 3H, OCH3).

185.44, 179.15, 175.25, 165.17, 145.22,
139.70, 129.64, 125.23, 124.43, 122.97,
121.64, 119.59, 112.49, 110.50,
106.21, 54.97.

Anal. Calcd. for
C21H 12BrNO 6S C, 51.87; H,
2.49; N, 2.88; Found: C,
51.90; H, 2.53; N, 2.92.

4l

3075 (Ar C-H str.), 2950 (Methyl
C-H str.), 1718 (C=O Str. of
coumarin), 1693, 1680 (C=O str. of
thiazolid-2,4-dione), 1654 (C=O
Str.), 1606 (aromatic C=C str.).

8.69 (s, 1H, H-5 of coumarin), 8.51 (s, 1H,
H-4 of coumarin), 8.0 (s, 1H, -CH=), 7.827.78 (d, 2H, J = 8.5 Hz, Ar-H), 7.64-7.55
(d, 2H, J = 8.9 Hz, Ar-H), 7.19-7.14
(d, 2H, J = 8.2 Hz, Ar-H of coumarin),
1.53 (s, 3H, CH3).

183.72, 178.54, 175.83, 165.2, 145.74,
141.16, 137.12, 130.16, 127.43, 125.06,
123.64, 122.06, 119.85, 112.57, 110.66,
106.67, 27.83

Anal. Calcd. for
C21H 12BrNO 5S C, 53.63; H,
2.57; N, 2.98; Found: C,
53.66; H, 2.61; N, 3.05.

4m

3047 (Ar C-H str.), 2937 (Methyl CH str.), 1728 (C=O Str. of
coumarin), 1695, 1682 (C=O str. of
thiazolid-2,4-dione), 1667 (C=O
Str.), 1597 (aromatic C=C str.).

8.45 (s, 1H, H-4 of coumarin), 8.05 (s, 1H,
-CH=), 7.88-7.71 (m, 4H, Ar-H), 7.57
(s, 1H, H-5 of coumarin), 7.04-6.97
(d, 2H, J = 7.8 Hz, Ar-H of coumarin),
3.83 (s, 3H, OCH3).

183.55, 177.89, 176.42, 167.45, 145.65,
140.04, 130.06, 125.72, 124.72, 123.39,
122.08, 119.86, 119.53, 112.91, 110.90,
106.62, 55.38

Anal. Calcd. for
C21H 13NO6 S C, 61.91; H,
3.22; N, 3.44; Found: C,
61.95; H, 3.21; N, 3.50.

4n

3055 (Ar C-H str.), 2960 (Methyl CH str.), 1721 (C=O Str. of
coumarin), 1699, 1681 (C=O str. of
thiazolid-2,4-dione), 1653 (C=O
Str.), 1594 (aromatic C=C str.).

8.44 (s, 1H, H-4 of coumarin), 7.94 (s, 1H,
-CH=), 7.83-7.68 (m, 4H, Ar-H), 7.5
(s, 1H, H-5 of coumarin), 7.1-6.95
(d, 2H, J = 8.6 Hz, Ar-H of coumarin),
3.83 (s, 3H, OCH3).

180.27, 177.30, 175.66, 166.50, 145.67,
139.92, 130.06, 126.60, 124.53, 123.42,
122.08, 119.55, 112.91, 110.87,
106.69, 55.59

Anal. Calcd. for
C21H 12ClNO6S C, 57.08;
H, 2.74; N, 3.17; Found:
C, 57.05; H, 2.71; N, 3.20.

H-NMR (400 MHz, DMSO-d6, δ, ppm)

13

C-NMR (100 MHz, DMSO-d6, δ, ppm)

Elemental (CHN) Analysis
Anal. Calcd. for
C20H 11NO5 S
C, 63.65; H, 2.94; N, 3.71;
Found: C, 63.63;
H, 2.89; N, 3.78.
Anal. Calcd. for
C20H 10ClNO5S
C, 58.34; H, 2.46; N, 3.40;
Found: C, 58.37; H, 2.49; N,
3.36.
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Table 2. contd….
-1

1

Compound

FTIR (KBr disc, cm )

4p

3070 (Ar C-H str.), 2944
(Methyl C-H str.), 1723
(C=O Str. of coumarin), 1703, 1686
(C=O str. of thiazolid-2,4-dione),
1659 (C=O Str.), 1600
(aromatic C=C str.).

4r

3025 (Ar C-H str.), 2943 (Methyl CH str.), 1729 (C=O Str. of
coumarin), 1700, 1686 (C=O str.
of thiazolid-2,4-dione), 1661
(C=O Str.), 1606
(aromatic C=C str.).

13

H-NMR (400 MHz, DMSO-d6, δ, ppm)

C-NMR (100 MHz, DMSO-d6, δ, ppm)

Elemental (CHN) Analysis

8.58 (s, 1H, H-4 of coumarin), 8.15
(s, 1H, -CH=), 8.01-7.88 (d, 2H, J = 8.7
Hz, Ar-H), 7.73-7.67 (d, 2H, J = 8.4 Hz,
Ar-H), 7.52 (s, 1H, H-5 of coumarin),
7.08-6.96 (d, 2H, J = 8.8 Hz, Ar-H of
coumarin), 3.85 (s, 3H, OCH 3), 3.78
(s, 3H, OCH 3).

183.46, 178.51, 175.32, 165.38,
145.66, 139.89, 130.04, 126.59,
124.49, 123.41, 122.07, 119.55,
112.88, 110.85, 106.58, 55.6

Anal. Calcd. for
C22H 15NO7 S C, 60.41; H,
3.46; N, 3.20; Found: C,
60.45; H, 3.51; N, 3.24.

8.37 (s, 1H, H-4 of coumarin), 8.02 (s, 1H,
-CH=), 7.9-7.83 (d, 2H, J = 8.2 Hz, Ar-H),
7.64-7.56 (d, 2H, J = 8.2 Hz, Ar-H), 7.47
(s, 1H, H-5 of coumarin), 7.01-6.92
(d, 2H, J = 8.8 Hz, Ar-H of coumarin),
3.84 (s, 3H, OCH3), 1.65 (s, 3H, CH3).

184.55, 178.65, 175.43, 165.27, 145.69,
140.82, 130.11, 125.90, 124.92, 123.46,
122.90, 120.82, 119.59, 118.40, 112.99,
110.97, 106.68, 55.63, 24.56

Anal. Calcd. for
C22H 15NO6 S C, 62.70; H,
3.59; N, 3.32; Found: C,
62.73; H, 3.60; N, 3.27.

In-vitro cytotoxicity activity data (IC50 )a of the newly synthesized compounds (4a-4r) against a group of five different cancer cell linesb by
MTT assay method.

Table 3.

O

R1

O
N
S

O

R
O

O
(4a-r)

Compound

R

R1

MCF7 (µM)
c

HeLa (µM)

HT29 (µM)

A549 (µM)

PC3 (µM)

4a

H

H

-

-

-

-

-

4b

H

2-Cl

8.76

32.50

21.15

29.63

39.56

4c

H

4-Cl

9.88

19.26

12.53

22.91

61.25

4d

H

4-OCH3

12.63

17.75

32.50

23.25

67.22

4e

H

3-NO2

25.26

57.02

16.54

25.50

-

4f

H

4-CH3

21.66

-

24.86

28.44

-

4g

Br

H

35.40

78.33

-

6.84

58.99

4h

Br

2-Cl

14.56

31.20

19.56

5.12

47.04

4i

Br

4-Cl

1.06

2.40

22.59

3.06

17.11

4j

Br

4-OCH3

21.28

24.51

20.73

7.63

40.56

4k

Br

3-NO2

30.90

29.18

28.69

8.75

38.34

4l

Br

4-CH3

-

71.02

39.65

9.37

-

4m

OCH3

H

27.35

16.80

22.36

-

-

4n

OCH3

2-Cl

4.47

8.15

20.59

16.53

50.03

4o

OCH3

4-Cl

0.95

3.20

11.27

2.38

12.50

4p

OCH3

4-OCH3

3.78

11.95

-

16.09

40.98

4q

OCH3

3-NO2

7.85

20.55

37.76

11.40

-

4r

OCH3

4-CH3

6.98

15.43

31.87

18.77

33.98

Standardd

-----

-----

0.82

1.37

1.51

2.13

1.60

a

Cytotoxicity results reported as IC50 (in µM) for each cell line, is the concentration of compound, which reduced by 50% the optical density of treated cells with respect to untreated
cells using the MTT assay; bHuman cell lines include MCF7 (hormone dependant breast adenocarcinoma), HeLa (cervical carcinoma), HT29 (colorectal carcinoma), A549 (lung
cancer), PC3 (prostate adeno carcinoma); c IC50 values > 100 µM were considered to be inactive indicated by (-); d Reference drug used was Doxorubicin.

activity, which is in agreement with previously reported studies
[5,10,13,18,24]. In addition, the presence of electron withdrawing
such as nitro- or chloro- group at 4th- position of phenyl ring and

interestingly bromo and methoxyl- groups on coumarin ring was
found to be more preferential for cytotoxic effect against selected
cancer cell lines than other features among this class of compounds.
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Thus, the title compounds (4a-4r) having two heterocyclic rings i.e.
coumarin and thiazolidin-2,4-dione scaffolds exhibited encouraging
anticancer activity.

Palkar et al.

General Procedure for the Synthesis of 6-substituted Coumarin-3carbaldehyde Derivatives (2a-c) [44]

We herein report the synthesis, spectral studies and anticancer
activity of a novel set of eighteen N-(substituted benzoyl)-5-((2oxo-2H-chromen-3-yl)methylene)thiazolidine-2,4-dione
(4a-4r)
derivatives. The in vitro anticancer results obtained indicated that
compounds 4i and 4o displayed the most promising activity among
the series. From the brief SAR studies it was concluded that the
presence of chloro group on phenyl ring and bromo/methoxyl group
on the coumarin nucleus was favorable for substantial increase in
anticancer activity. In conclusion, the combination of structural
simplicity, ease of synthetic exploitation and encouraging
cytotoxicity displayed by these title compounds further offers a
novel template for development of a potent class of anticancer
agents.

A mixture of anhydrous triethyl amine (0.5 mol, 5 equiv) and
catalytic amount of 4-dimethylaminopyridine (DMAP, 10 mol%)
was added to a well stirred solution of a substituted salicyladehyde
(0.1 mol, 1 equiv) in dichloromethane (DCM, 75 mL) at room
temperature. A solution of freshly prepared propiolyl chloride
[separately prepared by refluxing propiolic acid (1.2 equiv) in
SOCl2 for 4 h, followed by removal of excess of SOCl2] in DCM
(50 mL) was slowly added to the reaction mass and stirring was
continued at room temperature for 5-9 h. The reaction mixture was
poured into 75 mL of water and then extracted with DCM (4 times
X 25 mL), washed with ice cold water (3 times X 15 mL), brine (20
mL) and dried over anhydrous sodium sulfate. The excess solvent
was removed in-vacuo to yield crude mass, which were further
purified by column chromatography over silica gel (230–400 mesh)
using ethyl acetate: n-hexane as an eluent to afford the desired
products of 2a-c.

EXPERIMENTAL

2-Oxo-2H-chromene-3-carbaldehyde (2a)

CONCLUSION

Chemistry Protocols
The analytical grade (AR) chemicals and reagents were
purchased from Lancaster Co. (Ward Hill, MA, USA) or Sigma–
Aldrich (St. Louis, Missouri, USA) and used without further
purification. The reference drug (Doxurubicin) was obtained as a
gift sample from Sapco Laboratories (India) Pvt. Ltd., Chennai
(Tamilnadu, India). Solvents except for laboratory reagent grade
were dried and purified according to the literature when necessary.
The purification of synthesized title compounds was performed on
flash chromatography SP-01 (Biotage, Sweden). The thin-layer
chromatography (TLC) was used to monitor the progress of
reactions and purity of compounds, which was performed on ready
to use silica gel plates of E. Merck and Co. (Darmstadt, Germany).
The mobile phase used was methanol (6%) in dichloromethane
while UV light and/or iodine vapours were used as visualizing
agent.
Melting points were determined in open capillaries using
Thermonik (Mumbai, India) melting point apparatus and are
uncorrected. IR spectra were recorded on FT-IR spectrophotometer
(Perkin Elmer 100) with universal ATR sampling accessory. The
1
H-NMR and 13C-NMR were recorded on NMR spectrometer
(Bruker AVANCE 400, Germany) at 400 and 100 MHz
respectively using appropriate solvent. Tetrametyl silane (TMS)
was used as internal standard and chemical shifts are reported in δ
ppm units. The Heraus CHN rapid analyzer was used to perform the
elemental analysis (C,H,N) for the compounds.
Synthesis of Thiazolidine-2,4-dione (1) [38]
To a continuously stirred solution of chloroacetic acid (0.25
mol, 23.625 g) dissolved in 25 mL of distilled water, a solution of
thiourea (0.25 mol, 19.03 g, 1 equiv) dissolved in 25 mL of water
was slowly added under ice cold conditions (0-5 °C). The solution
was further stirred for 30 min until a white precipitate of 2-iminothiazolidine-4-one intermediate was formed along with
considerable cooling. To this reaction mixture, Conc. hydrochloric
acid (20 mL) was then added slowly from a dropping funnel and
reﬂuxed for 9 h at 100–110 °C. The reaction progress was
monitored by TLC. After cooling, the precipitate was separated by
filtration, washed with cold water to remove traces of hydrochloric
acid and dried. The residue was recrystallized in ethanol to yield
white crystals of 2,4-thiazolidinedione (1). Yield: 82.5 %. Mp:
124-126 °C. FTIR (KBr disk, νmax, cm-1): 3395 (N-H Str.), 2905
(C-H Str.), 1688, 1671 (C=O Str.), 725 (C-S-C Str.). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 12.42 (s, 1H, NH), 4.05 (s, 2H, -CH2-).
EIMS m/z:

Yield: 47%. Mp: 135-137 °C. FTIR (KBr disk, νmax, cm-1):
3053, 2925 (C-H Str.), 1715 (C=O Str. of coumarin), 1693 (C=O
Str. of 3-formyl group). 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
10.84 (s, 1H, CHO), 8.42 (s, 1H, H-4 of coumarin), 7.74-7.69 (m,
2H, ArH), 7.37-7.32 (m, 2H, ArH). EIMS m/z: 175.06 (M+).
6-Bromo-2-oxo-2H-chromene-3-carbaldehyde (2b)
Yield: 58%. Mp: 158-160 °C. FTIR (KBr disk, νmax, cm-1):
3066, 2934 (C-H Str.), 1726 (C=O Str. of coumarin), 1685 (C=O
Str. of 3-formyl group). 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
10.91 (s, 1H, CHO), 8.78 (s, 1H, H-5 of coumarin), 8.37 (s, 1H, H4 of coumarin), 7.46-7.43 (m, 2H, ArH). EIMS m/z: 253.86
(M+ + 2)
6-Methoxy-2-oxo-2H-chromene-3-carbaldehyde (2c)
Yield: 63%. Mp: 118-120 °C. FTIR (KBr disk, νmax, cm-1):
3052, 2960 (C-H Str.), 1722 (C=O Str. of coumarin), 1689 (C=O
Str. of 3-formyl group). 1H-NMR (400 MHz, DMSO-d6, δ, ppm):
10.75 (s, 1H, CHO), 8.44 (s, 1H, H-4 of coumarin), 7.59 (s, 1H,
H-5 of coumarin), 7.17-7.12 (m, 2H, ArH). EIMS m/z: 204.06
(M+)
General Procedure for the Synthesis of 5-((6-substituted-2-oxo2H-chromen-3-yl)methylene) Thiazolidine-2,4-dione derivatives
(3a-c) [46]
To a persistently stirred suspension of thiazolidine-2,4-dione
(1, 0.05 mol, 5.856 g, 1 equiv) in anhydrous toluene (50 mL), the
corresponding 6-substituted-2-oxo-2H-chromene-3-carbaldehyde
(2a-c, 0.05 mol, 1 equiv), a catalytic quantity of piperidine (0.00625
mol, 0.125 equiv) and glacial acetic acid (0.005 mol, 0.1 equiv)
were added. The reaction mixture was heated at reflux temperature
for about 7-10 h, until no water appeared (monitored with a Dean
Stark apparatus). The solvent was removed in-vacuo and the
resultant residue was collected, washed with cold n-hexane and
recrystallized from ethyl acetate to afford the compounds 3a-c.
5-((2-oxo-2H-chromen-3-yl)methylene)thiazolidine-2,4-dione (3a)
Yield: 78.3%. Mp: 184-186 °C. FTIR (KBr disk, νmax, cm-1):
3234 (N-H Str.), 3020 (C-H Str.), 1719 (C=O Str. of coumarin),
1678, 1669 (C=O Str. of thiazolidine-2,4-dione). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 12.47 (s, 1H, NH), 8.22 (s, 1H, H-4 of
coumarin), 7.95 (s, 1H, CH=C), 7.44-7.29 (m, 4H, ArH of
coumarin). 13C-NMR (100 MHz, DMSO-d6, δ, ppm): 176.26,
172.83, 163.18, 147.80, 142.75, 135.35, 129.18, 124.73, 122.41,
118.36. EIMS m/z: 273.31 (M+).

Coumarinyl Substituted TZD Analogs as Anticancer Agents
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5-((6-bromo-2-oxo-2H-chromen-3-yl)methylene)thiazolidine-2,4dione (3b)
Yield: 86.5%. Mp: 195-197 °C. FTIR (KBr disk, νmax, cm-1):
3227 (N-H Str.), 3028 (C-H Str.), 1715 (C=O Str. of coumarin),
1677, 1672 (C=O Str. of thiazolidine-2,4-dione). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 12.26 (s, 1H, NH), 8.35 (s, 1H, H-5 of
coumarin), 8.03 (s, 1H, H-4 of coumarin), 7.92 (s, 1H, CH=C),
7.23-7.18 (d, 2H, J = 8.5 Hz, ArH of coumarin). 13C-NMR (100
MHz, DMSO-d6, δ, ppm): 177.51, 173.32, 162.38, 145.66, 142.80,
136.24, 127.59, 125.49, 122.41, 120.07, 117.50. EIMS m/z: 354.23
(M+ + 2).
5-((6-methoxy-2-oxo-2H-chromen-3-yl)methylene)
2,4-dione (3c)

thiazolidine-

Yield: 82.1%. Mp: 178-180 °C. FTIR (KBr disk, νmax, cm-1):
3259 (N-H Str.), 3039 (C-H Str.), 1724 (C=O Str. of coumarin),
1685, 1670 (C=O Str. of thiazolidine-2,4-dione). 1H-NMR (400
MHz, DMSO-d6, δ, ppm): 12.54 (s, 1H, NH), 8.34 (s, 1H, H-5 of
coumarin), 8.11 (s, 1H, H-4 of coumarin), 7.96 (s, 1H, CH=C),
7.30-7.24 (d, 2H, J = 8.5 Hz, ArH of coumarin), 3.81 (s, 3H,
OCH3). 13C-NMR (100 MHz, DMSO-d6, δ, ppm): 175.30, 167.25,
155.50, 145.33, 138.70, 131.93, 128.47, 124.32, 122.68, 120.68,
118.24, 56.25. EIMS m/z: 304.15 (M+ + 1).
General Procedure for the Synthesis of N-(substituted benzoyl)-5((2-oxo-2H-chromen-3-yl)methylene)
Thiazolidine-2,4-dione
Derivatives (4a-r) [48]
To a constantly stirred solution of 5-((6-substituted-2-oxo-2Hchromen-3-yl)methylene) thiazolidine-2,4-dione (one of 3a-c, 0.01
mol, 1 equiv) in dry DMF (15 mL), an appropriately substituted
benzoyl chloride (0.01 mol, 1 equiv) was gradually and cautiously
added. The reaction mixture was refluxed for 6-11 h until the
absence of TLC spot of starting materials. The reaction mass was
poured in ice cold water and extracted with DCM (3 times X 15
mL). The collective extracts were washed with water and dried over
anhydrous sodium sulphate. The residue obtained after the in-vacuo
removal of dichloromethane was further recrystallized from ethanol
to yield the title compounds (4a-r). The physicochemical, spectral
(IR, 1H-NMR and 13C-NMR) and elemental analysis data of the
synthesized compounds are depicted in Tables 1 and 2, respectively.

were added to cells of each well while the control wells received
the same volume of medium containing 0.1% DMSO. After 24 h
incubation, 10 µL of freshly prepared MTT [3-(4,5-dimethylthiazol2-yl)-2,5-diphenyl tetrazolium bromide; Sigma M 2128; 1 mg/mL]
solution was slowly added in each well and the microplates were
incubated at 37 °C for an additional 4 h. Furthermore, a 100 µL
DMSO was added in the viable cells in order to solubilize the
colored compound (Formazan) produced. The suspension was
swirled for 5 min and optical density (absorbance) was recorded at
540 nm using a SpectraMax 190 Microplate ELISA reader
(Molecular Devices Inc. USA). The experiment was performed in
triplicate. The percentage cytotoxicity and IC50 values were
determined. IC50 value is the concentration (reported in µM)
required for 50% inhibition of cell growth as compared to that of
untreated control.
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Transdermal iron replenishment therapy

Iron deciency anemia is one of the major nutritional deciency disorders. Iron
deciency anemia occurs due to decreased absorption of iron from diet, chronic
blood loss and other associated diseases. The importance of iron and deleterious
effects of iron deciency anemia are discussed briey in this review followed by the
transdermal approaches to deliver iron. Transdermal delivery of iron would be able
to overcome the side effects associated with conventional oral and parenteral iron
therapy and improves the patient compliance. During preliminary investigations,
ferric pyrophosphate and iron dextran were selected as iron sources for transdermal
delivery. Different biophysical techniques were explored to assess their efciency in
delivering iron across the skin, and in vivo studies were carried out using anemic rat
model. Transdermal iron delivery is a promising approach that could make a huge
positive impact on patients suffering with iron deciency.
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Application of drugs over intact skin to treat
biological processes. Iron helps in the
- pro
health ailments has been in practice for
- sev
duction of neurotransmitters in the brain and
eral centuries
[1] . Transdermal drug deliveryis useful for neural development as[6,7]
.
well
systems (TDDS) became very popular
- dur Iron exists either in the free form or heme
ing the last few decades mainly due to the
iron in the diet. The free iron from the diet
clear advantages over enteral and parenteral
is converted from ferric form to ferrous form
delivery [2] . Along with noninvasiveness,
in the intestinal lumen and gets transported
TDDS offer advantages including bypass
- into the enterocyte cells. Iron can be stored
ing the liver to avoid rst pass metabolism
in intestinal enterocytes bound to ferritin
of drugs and ease of application with more
or transported to blood. Once it enters the
patient compliance than other drug delivery
systemic circulation, iron binds to the serum
systems. Since the introduction of the scopol
- protein, transferrin. Transferrin is responsible
amine patch in 1979, there has been a -signi
for the transport of iron and carries iron to
cant increase in the number of transdermal
bone marrow for hemoglobin synthesis and
delivery systems available on the marketother
to tissues in the body. Iron homeostasis in
date and over a billion transdermal systems
the system is closely regulated as there is no
are manufactured every year
[3] .
physiological mechanism for iron excretion
Iron is the key nutritional element required
from the body. Excess iron accumulation in
for all living organisms and is involved in
- var
the system causes organ dysfunction -by pro
ious metabolic processes and in the synthesis
ducing the reactive oxygen species through
of DNA and RNA [4] . Iron is an integral the Fenton reaction.
part of hemoglobin which serves as carrier of
Iron deciency anemia (IDA) is one of the
oxygen from lungs to tissues
[5] . Iron is also major nutritional deciency disorders affect
ing children and women of child bearing
essential for cell growth and the typical adult
human body contains an average of 3–4 gage
of [8] . Even to date, more than a quarter of
iron. Due to its high redox potential, Ironworld population is anemic and iron -de
ciency anemia is the major contributing
- fac
acts as catalyst in redox reactions in various
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Percutaneous absorption of iron across mouse skin
from water-in-oil and oil-in-water emulsion type- oint
Iron dextran: Accepted for parenteral delivery of iron.
ments containing iron chelates were reported in the
past by Minato et al.[16] . In this study, Minato and
Ferric pyrophosphate: Very stable noncolloidal iron
source suitable for transdermal delivery.
colleagues evaluated the absorption of water soluble
substances from hydrophilic and absorption-based
Iontophoresis: Application of a constant electric current
involves in the movement of charged drug species through ointments using radioactive iron complexes with
the skin.
ethylenediaminetetraacetic acid and cupferron as
model substance. The average absorption of iron from
tor among all other anemia disorders
[9] . Iron deciency water-in-oil ointment containing water soluble ironmay result due to malnutrition, decreased iron absorp
- ethylenediaminetetraacetic acid complex was approxi
tion, use of erythropoietin stimulating agents and
- sev
mately 80% while it was only approximately 55%
eral other illnesses. One of the most common causes
from oil-in-water ointment. In the same study, iron
of IDA in adults is acute blood loss in rgast
ointestinal absorption from Fe-cupferron, a lipid soluble chelate
bleeding, trauma and surgery
[10] .
was reported to be very low. But there were no reports
Replenishment of body iron stores via oral and
- par
of any systematic study that explored the delivery of
enteral iron therapy has been in practice for several
iron via skin for replenishment, until recently reported
decades. Oral iron formulations are the choice for by
rst our group. Transdermal iron replenishment using
line therapy to replenish body iron stores. Oral iron
various passive and biophysical techniques that were
so far is summarized here.
salts that are in clinical practice include ferrous
- reported
sul
fate, ferrous gluconate, ferrous fumarate and carbonyl
Passive delivery of iron compounds across
iron along with few other ferric salts. Ferrous iron salts
skin
are preferred over ferric salts because of their superior
The major barrier for transdermal delivery of drugs is
solubility and availability at the pH of the duodenum
the presence of stratum corneum layer in the skin. The
and jejunum. Standard oral iron therapy in adults
closely packed keratinocytes as well as the intercellular
includes administration of ferrous salt formulations
three to four times a day
∼ elemental
(
iron content oflipid bilayers offer resistance for permeation of polar
drugs. Moderately lipophilic drugs are relatively more
150–180 mg)[11] . Oral iron therapy is associated with
severe gastric side effects and poor patient adherence
permeable than extremely hydrophilic and extremely
due to unpleasant taste and odor of iron salts particu
- lipophilic molecules. Moreover, the molecular weight
larly in pregnant women and children
[12–14]. Moreof drugs should be <500 Da to be permeable across the
over, absorption of iron in the intestine is a carrier
skin. When the drug possesses all these properties, it
mediated mechanism and only a fraction of the total
would be ideal for transdermal delivery provided the
administered oral dose is bioavailable.
[17,18].
dose required is not impractical
Parenteral iron therapy is recommended only inIn case of transdermal iron replenishment therapy,
severe iron deciency conditions because of its- inva
the choice of iron source is challenging because all
siveness and systemic side effects due to colloidal
the iron salts used in oral iron therapy are hydrophilic
nature of the parenteral iron products. Parenteral iron
and the products approved for parenteral therapy are
formulations that are approved for clinical use include
huge in size due to their colloidal nature. Moreover,
ferric carboxymaltose, iron dextran
(ID), ferumoxy- the release of free iron from ionization of iron salts,
tol, iron sucrose and sodium ferric gluconate. The iron
in the systemic circulation is a major concern due to
overload with parenteral formulations was reportedthe
torisk of generation of reactive oxygen species
- follow
cause anaphylactic reactions and rarely even- mortal
ing oxidative stress at cellular level. Therefore, a slow
ity [15] . With all the disadvantages associated with and
oral prolonged delivery of iron would be appropriate
and parenteral delivery of iron, there is a need fortothe
avoid oversaturation of transferrin and accumula
development of an alternative and safe mode of-admin
tion of free iron. Gupta et al.
[19] explored the use of
istration of iron products. Transdermal delivery of iron
ferric pyrophosphate (FPP)as a source of iron for
could be a potential method of treating iron deciency
parenteral delivery. FPP, a hydrophilic iron salt with
with advantages such as noninvasiveness, safety
a high
and stability constant (logstabK22.3) was reported
patient compliance that this route could offer. Trans
- to be safe to administer as a slow dialysate in -mainte
dermal delivery of iron would be attractive to patients
nance of hemodialysis patients and is capable- of trig
due to the fact that this route could overcome gering
the
direct transfer of iron to transferrin, between
potential gastric and systemic side effects associated
transferrin molecules and between transferrin and
with oral and parenteral delivery respectively.
ferritin [19–21]. Subsequently, Murthy and coworkers
Key terms
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Amount of FPP permeated
(µg/cm2)

Amount of FPP permeated
(µg/cm2)

utilized the same for transdermal delivery. However,
140
they found that the in vitro passive transdermal ux
of FPP was poor due to its high molecular weight 120
(745 Da) and hydrophilicity of FPP
[22] . There was
100
a tenfold increase in the amount of FPP permeated 80
across delipidized epidermis suggesting perturbation 60
of stratum corneum can lead to enhanced delivery of
40
iron across skin. As expected, the ID completely failed
to permeate across the skin even after prolonged
- dura 20
0
tion [23] . Iron dextran used in these studies was- a col
0
2
4
6
loidal suspension with 5% iron and 20% dextran with
Electrical dose (mA.h/cm2)
an average molecular weight of approximately 90 kDa.
Vaka et al. [24] studied the effect of chemical
Figure 1. Correlation between the applied
permeation enhancers on the transdermal- deliv
electrical dose (mAh/cm2) and the amount of ferric
ery of FPP. Permeation enhancers such as 5%pyrophosphate
v/v
permeated (mg/cm2) across hairless rat
dimethyl sulfoxide, 2% v/v azone, 5% w/v menthol,
skin.
FPP: Ferric pyrophosphate.
5% v/v ethanol, 4% v/v isopropyl myristate and 1%
Reproduced with permission from [22] .
w/v sodium lauryl sulfate were used. The authors
administered through intravenous route at different
reported that there was no signicant improvement
in the amount of iron permeated across porcine
- epi
dose strengths and serum iron was measured. There
dermis even after 24 h, although they observed
wasa an increase in the serum iron concentration with
decrease in the epidermal electrical resistance.increase
Due
in administered dose and the values returned
to limited success in passive delivery of FPP, various
to baseline after 24 h. The amount of FPP retained in
biophysical techniques were explored subsequently
the skin was also measured to see if iron forms a depot
for the transdermal delivery.
in the skin after iontophoresis. It was found that there
was no signicant difference between the iron content
Biophysical techniques to enhance
in the skin at active diffusion site and away from- diffu
transdermal iron delivery
sion site indicating the poor tendency of iron to retain
’Iron’tophoresis: iontophoretic delivery of iron
in the skin.
Constant current iontophoresiswas explored ini
tially as a potential technique to enhance the transder
- Constant voltage irontophoresis
mal delivery of iron
[22] . Iontophoresis is an application
In another study, Vaka et al. also explored the use of
of small electric current to make continuous pathways
constant voltage iontophoresis to drive FPP across the
in the skin for drug delivery. Anodal iontophoresis was
porcine epidermis
[24] . Three different constant volt
investigated initially, but did not lead to signicant
enhancement of FPP across skin. FPP having -a domi
*
nant negative charge could be delivered using cathodal 14
1 Hz
*
iontophoresis across the skin. With cathodal iontopho
5 Hz
12
**
resis, the transdermal ux of FPP increased proportion
10
ally with applied current density. The predictability and
programmability of iontophoresis mediated delivery of 8
FPP across in vitro rat skin was studied systematically.
6
The total amount of FPP delivered across rat skin
was correlated well with the applied electrical dose and 4
the slope of linear plot indicates the amount of FPP 2
(μg/cm2) permeated per unit increase in the electric 0
2
1 ms
10 ms
100 ms
dose (mAh/cm
) (Figure 1) . The dose of FPP deliv
Electroporation
protocol
(pulse
length)
ered can be modulated by varying either current
- dura
tion or current density. In vivo
studies were carried
out in hairless rats for 6 h using a current densityFigure
of 2. In vitro permeation of ferric pyrophosphate
across
porcine epidermis on application of 120 V and
2
0.5 mA/cm. The serum iron and % transferrin -satu
100 pulses at different pulse lengths (1, 10 or 100 ms)
ration (% TS) were measured before and after- appli
and frequencies (1 or 5 Hz).
cation of current protocol and there was a signicant
FPP: Ferric pyrophosphate.
increase in both serum iron and % TS. FPP was Reproduced
also
with permission from [24] .
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Table 1. Observed mean hematological and biochemical parameters in rats at healthy state and at
anemic condition.
Parameter

Basal values

Anemic condition

Hemoglobin (g/dl)

14.31 ± 2.47

10.58 ± 1.61†

HCT (%)

41.35 ± 8.33

32.4 ± 3.72†

MCV ()

56.25 ± 2.12

38 ± 2.86 ‡

MCH (pg)

19.56 ± 1.57

12.4 ± 1.22‡

MCHC (g/dl)

34.83 ± 1.61

28.22 ± 2.24 §

RBC (10 /l)

8.40 ± 0.83

6.61 ± 0.75†

RDWc (%)

16.71 ± 2.22

28.33 ± 2.73‡

Serum iron ( μg/dl)

179.53 ± 15.84

83.46 ± 17.02‡

TIBC (μg/dl)

374.86 ± 56.33

483.84 ± 57.91†

% TS

46.28 ± 7.04

16.59 ± 2.11§

Lipid peroxidation (equivalent to MDA conc. [nmol/ml])

8.58 ± 1.72

14.51 ± 3.92†

Hematological parameters

12

Biochemical parameters

Reproduced with permission from [25].
The difference in all parameters in rats between healthy (basal values) and anemic conditions is statistically signicant.
†
p < 0.05.
‡
p < 0.0001.
§
p < 0.001.
% TS: % transferrin saturation.

ages (0.5, 2 and 4 V) were applied for 30 min and
and 10 ms pulse lengths was observed. There was no
there was approximately threefold and approximately
signicant difference in the amount of FPP permeated
tenfold increase in the permeation with 2 and 4atVpulse length of 100 ms with 1 Hz and 5 Hz
- fre
respectively compared with the control, whereas 0.5
quencies.
V
Moreover, there was no signicant difference
was not effective. A signicant drop in the electric
between the amount of FPP permeated with 10 and
resistance of the epidermis during the iontophoresis
100 ms protocols at different frequencies. Based on the
protocols was also observed.
observations, authors studied the combination -of elec
troporation with constant voltage iontophoresis using
10 ms and 5 Hz protocol for electroporation.
Electroporation
Electroporation is the application of short highvoltage electric pulses that create transient porous
- Electroporation
path
in combination with constant
voltage ‘iron’tophoresis
ways in the skin, which enable the transport of drugs
across the skin. Electrical pulses with xed voltage Porcine
and
epidermis was electroporated at 120 V,
number of pulses (120 V, 100 pulses) at different pulse
100 pulses, 10 ms at 5 Hz and constant voltage
- ionto
lengths (1, 10 or 100 ms) and frequencies (1 or 5 phoresis
Hz)
was carried out. Voltage-dependent transport
were applied across porcine epidermis using an ECM
of FPP was observed and the amount of FPP
- deliv
830 Electro Square Porator
[24] . The receiver compart
- ered was signicantly higher in case of electroporated
ment uid was sampled immediately and the amount
epidermis compared with unelectroporated epider
of FPP delivered was measured. As shown
Figure
in2 , mis. There was a signicant improvement
∼two( to
authors reported that a signicant improvement in the
42-fold) in the amount of FPP permeated with- elec
permeation of FPP with an increase in frequency troporation
at 1
as a pretreatment protocol along with
iontophoresis me
diated delivery.
Key terms
Electroporation: Application of high voltage electric
pulses for short duration to create porous pathways in the
skin.
Microneedles: Micron-sized needles capable of creating
micropores in the upper layer of skin, thus allowing drugs
to permeate across.
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Iron delivery across microporated skin

Microneedles are micron-sized needles which have
the ability to create micropores in the skin and aid in
the creation of continuous pathways for drug delivery
across the skin. Transdermal deliveries of FPP and ID
were also studied across microporated hairless rat skin
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in vitro and pharmacodynamic studies were carriedthe
out values returned to normal condition within 8–12
h in unoccluded condition indicating the pore closure.
in hairless anemic rats
[23,25].
The FPP ux across microporated rat skin wasBased on the in vitro results, in vivo studies were
carried out in hairless rats by inducing iron deciency
enhanced by approximately 11-fold after 6 h- com
anemia through iron deprivation in the diet. Iron- de
pared with passive ux. In the same experiment,
ciency anemia was induced within 5 weeks and the
the combination of constant current iontophoresis
intensity of iron deciency was measured with the help
(0.3 mA/cm2) along with microporation pretreatment
®
was also studied. AdminPen
stainless steel micronee
- of various hematological (hemoglobin, mean corpuscu
dles (nanoBioSciences LLC., CA, USA) having lar
anvolume and red blood cell count, among others) and
2
parameters (serum iron, total iron-binding
area of 1 cm
containing 187 microneedles with biochemical
a
- bio
needle height of 500mμ was used to create micro
- capacity and % TS). The mean hematological and
chemical parameter values in healthy and anemic rats
pores in the skin. With the combination protocol
there was approximately 44-fold increase in the are
ux given inTable 1.
of FPP compared with passive ux. The microneedles
Later, animals were divided into various groups
used in these studies were penetrated to a depth and
of 70treatment protocol was initiated. For iontopho
± 10 μm into the skin which is mostly the upper- lay
retic delivery a custom made patch (102) cm
was
ers of epidermis, that is, stratum corneum, conrm
- developed and FPP-HPMC gel was loaded on the
2
was
ing that the microneedles used were safe and dopatch
not and a current strength of 0.15 mA/cm
applied. For combination of microporation with- ion
invoke any sensory pain
erception
p
in the skin.
tophoresis, rats were pretreated with microneedles for
The recovery of micropores created by these
2
min using 1 cm
array over a total of 10 2cm
and
microneedles was also evaluated with the help-of 2
tran
®
(Deln
iontophoresis was applied as described above. FPP
sepidermal water loss studies using Vapometer
Tech., Finland). There was an increase in the transepi
- administered through intraperitoneal route served as
dermal water loss observed immediately after- micro
a positive control for this study. After 2–3 weeks of
poration from 13.6 ± 1.42 to 28.75 ± 2.68 2g/m
.h and treatment, on alternative days for 4 h, there was
- a sig
Table 2. The mean hematologic and biochemical parameters observed at the end of treatment
period in rats administered with ferric pyrophosphate via different modes of administration.
Parameter

IN

MN

MN + IN†

IP

Hemoglobin (g/dl)

10.42 ± 1.11

10.55 ± 0.9

13.12 ± 0.6 ¶

14.37 ± 0.41¶

HCT (%)

34.62 ± 2.45

28.67 ± 1.52

40.18 ± 4.24 ¶

Hematological parameters

¶

42.0 ± 1.30 §
46 ± 1.73 §

MCV ()

39.2 ± 1.93

40.2 ± 1.4

46.45 ± 4.39

MCH (pg)

11.1 ± 1.16

13.14 ± 2.21

15.32 ± 2.51¶

15.8 ± 0.62 ¶

MCHC (g/dl)

30 ± 1.21

30.8 ± 2.44

32.9 ±1.39 ¶

34.3 ± 0.43 ¶

12

¶

9.11 ± 0.15 ¶

RBC (10 /l)

7.05 ± 1.01

6.99 ± 1.10

7.72 ± 0.3

RDWc (%)

25.73 ± 2.24

24.71 ± 3.43

22.58 ± 2.9 ¶

19.47 ± 2.23 §

Serum Iron ( μg/dl)

102.74 ± 10.22 ¶

109.52 ± 14.2 ¶

124.7± 8.8 §

139.53 ± 13.6 #

TIBC (μg/dl)

405.43 ± 21.67 ¶

399.5 ± 32.7 ¶

393.22 ± 25.3 ¶

354.81 ± 36.3 §

% TS

25.3 ± 3.71§

29.47 ± 4.82 §

31.86 ± 3.4 #

39.37 ± 2.2 #

Lipid peroxidation
(equivalent to MDA conc.
[nmol/ml]) ‡

13.13 ± 1.32

12.32 ± 2.54

12.42 ± 1.8

11.37± 2.2

Biochemical parameters

Reproduced with permission from [25].
†
The difference in all parameters (except lipid peroxidation) in MN + IN group animals after treatment is signicantly different from those
before treatment.
‡
Not signicant: there was no signicant difference between lipid peroxidation levels at anemic condition and post treatment in all groups.
§
p < 0.001.
¶
p < 0.05.
#
p < 0.0001.
IN: Iontophoretic treatment group; IP: Ferric pyrophosphate administered as intraperitoneal injection; MN: Microneedle treatment group;
MN+IN: Iontophoresis combined with microneedle pretreatment.
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Table 3. The mean values of hematological parameters prior to inducing anemia (healthy), after inducing anemia,
after treating with ID in case of microneedle pretreatment, and after treating with ID via intraperitoneal route.
Hematological parameter

Healthy rats

Anemic condition

After microneedle
pretreatment

Intraperitoneal
group

Hemoglobin (g/dl)

14.43 ± 0.81

10.06 ± 1.05

13.96 ± 0.51

14.5 ± 0.22

RBC (*10 /l)

8.59 ± 0.44

6.32 ± 0.59

10.25 ± 0.95

10.32 ± 0.25

Hematocrit (%)

42.65 ± 1.28

33.24 ± 3.37

41.87 ± 4.98

41.48 ± 0.91

Mean corpuscular volume ()

55.33 ± 4.12

45.31 ± 3.07

41.33 ± 2.25

46.03 ± 2.02

Mean corpuscular hemoglobin (pg)

19.30 ± 1.58

14.93 ± 0.68

14.86 ± 0.68

18.30 ± 0.75

Mean corpuscular hemoglobin
concentration (g/dl)

35.39 ± 0.87

30.00 ± 1.83

32.03 ± 2.21

34.01 ± 0.73

Red blood cell distribution width (%)

16.47 ± 0.81

15.47 ± 3.87

16.73 ± 1.50

17.73 ± 0.73

12

ID: Iron dextran.
Reproduced with permission from [23].

nicant improvement in the hematological and- biosignicant improvement in the lipid peroxidation values
chemical parameters in combination protocol (micro
- found after treatment compared with anemic state.
poration pretreatment with iontophoresis) group and
intraperitoneal group compared with the valuesDelivery
in
of iron dextran across microporated
anemic condition implying that microneedle pretreat
- skin
ment along with iontophoresis can deliver therapeuti
- The transdermal delivery of iron dextran with the help
cally required amount of iron in anemic rat models.
of microneedle pretreatment was evaluated
in vitro
Even though there was a slight improvement in across
the
hairless rat skin for 6 h using vertical Franz
dif
hematological and biochemical parameters in- ionto
fusion cell set up. A cumulative amount of 10.28 ±
phoresis and microneedle pretreatment groups alone,
0.45 μg/cm2 was permeated after 6 h from a 200
l of μ
the change was not signicant, likely due to the- sub
50 mg/ml donor solution across the skin. At the end of
therapeutic dose delivered in the specied treatment
6 h, 2.48 μg/mg of ID was found in the active diffu
period. The mean hematological and biochemical
sion area. As mentioned earlier, ID neither permeated
parameters in all treatment groups are summarized
in the skin nor retained in the skin when delivered
and shown inTable 2 .
passively. Based on the results, in vivo studies were
Red blood cell morphology studies also proved carried
that
out on anemic hairless rat models for 3 weeks
the microporation in combination with iontophoresis
on alternate days for 6 h. Rat skin was microporated
might be a potential safe technique to deliver ironwith
to microneedles in an area of 102 and
cm a patch
treat IDA. Lipid peroxidation studies were carried outcontaining
to
200 lμ of ID solution was applied and
assess the safety of administered iron and there was
permeation
no
studies were carried out. After 3 weeks of

Serum iron

100

60

400

40

20

200

50

Normal Anemic ID-MN

ID-IP

% TS

C

600

µg/dl

µg/dl

150

0

TIBC

B

200

%

A

0

Normal Anemic ID-MN

ID-IP

0

Normal Anemic ID-MN

ID-IP

Figure 3. The mean values of all biochemical parameters, prior to inducing anemia (normal), after inducing anemia (anemic), after
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ID: Iron dextran; ID-IP: ID-intraperitoneal injection; ID-MN: ID-microneedle; % TS: % Transferrin saturation.

666

Ther. Deliv. (2015) 6(6)

future science group

Transdermal iron replenishment therapy

Special Report

treatment period, there was a signicant improvement
Future perspective
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proved to deliver variety of active therapeutic agents
animals areusmmarized inTable 3 andFigure 3 .
The dermatokinetics of FPP following topical
across skin. In case of iron delivery, with the existing
administration in the form of soluble microneedles
disadvantages of conventional drug delivery methods,
was evaluated in hairless rats with the help of
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we believe the noninvasive/minimal invasive delivery
neous microdialysis studies recently
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et al.
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U D]
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atric patients. Transdermal delivery of iron by these
close therapeutic levels of iron could be deliveredactive
for techniques have the capability to overcome the
the treatment of iron deciency.
disadvantages associated with conventional drug
- deliv
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eutic
doses for treatment of iron deciency anemia.
Conclusion
The passive delivery of FPP is poor due to its high
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molecular weight and hydrophilic nature. Various
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timony, grants or patents received or pending, or royalties.
iron. However, more safety and toxicity studies need
No writing assistance was utilized in the production of this
to be performed before iron replenishment can be
manuscript.
implemented in clinical practice via transdermal route.

Executive summary
The need for transdermal delivery of iron
• Oral iron therapy is often associated with severe side effects such as gastric intolerance, nausea and vomiting.
Poor patient compliance is the most common disadvantage with oral iron formulations.
• Oral iron supplements have limited potential in treating anemia associated with conditions such as chronic
blood loss, hemodialysis, malabsorption syndrome, Crohn’s disease and inammatory bowel diseases.
• Parenteral iron colloids are associated with immediate adverse events such as dyspnea, nausea and vomiting,
fever, uticaria, hypotension, arthralgias and severe allergies. Fatal anaphylactic reactions were also reported.
• Repeated administration of parenteral iron formulations could be dangerous.
• Slow and prolonged delivery of iron has been suggested as the best suited way to avoid super saturation of
transferrin.

Ferric pyrophosphate as iron source
• Hydrophilic iron salts used for oral therapy are not suitable for transdermal delivery due to risk of release of
free iron ion in the systemic circulation.
• Parenteral iron colloids are huge in size and delivery of these agents across the skin passively is impractical.
• Ferric pyrophosphate is relatively stable compound with high stability constant (
∼log K stab 22.3) with a
moderate molecular weight. Moreover, its safety was also established parenterally in hemodialysis patients.

Biophysical techniques to enhance the delivery of iron across skin
• Passive delivery of ferric pyrophosphate was poor due to its hydrophilicity.
• Constant current and constant voltage iontophoresis, electroporation and microporation techniques were
found to enhance the delivery of iron across the skin.
• Iontophoresis combined with microporation resulted in successful delivery of therapeutically required
quantities of iron in anemic rat models.
• Iron colloids can also be delivered across skin with microporation technique. Soluble microneedles might be
fean alternative and safe technique for delivering iron compounds.
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ABSTRACT
Objective: The drawback associated with conventional eye drops needs development of novel ophthalmic delivery system with improved
bioavailability and patient compliances. The objective of present work was to develop and evaluate mucoadhesive in situ ocular gel of Pefloxacin
mesylate based on the concept of ion activated in situ gelation for the prolonged precorneal residence time.
Methods: Formulations were prepared using Sodium Alginate as gelling agent and Hydroxy ethyl cellulose as mucoadhesive agent. Gels were
evaluated for gelling capacity, bio adhesion force, rheological property, ex vivo and in vitro release profile for selection of optimized formulation.

Results: Developed formulations with satisfactory clarity, pH, drug content, gelling capacity, viscosity and bio adhesion were selected for ex vivo and
in vitro release studies. An optimum formulation which could sustain the release for 12hours was finalized for further evaluations like;
antimicrobial efficacy and irritation test. Formulations were found to be non irritant, effective against the test organisms and exhibited Zero order
release pattern and pseudoplastic rheology.
Conclusion: The developed system with sodium alginate and hydroxyl ethyl cellulose can be a feasible alternative to conventional eye drops.

Keywords: Ocular drug delivery, Sodium alginate, Hydroxyethyl cellulose, Sustained delivery, Flouroquinolone antibiotic.
INTRODUCTION
Conventional ophthalmic eye drop often results in poor
bioavailability and therapeutic response due to rapid pre-corneal
loss caused by nasolacrimal drainage and high tear fluid turnover.
Several new preparations like ointments, inserts and collagen
shields have been developed for ophthalmic use, not only to prolong
the contact time of the vehicle on the ocular surface, but also to slow
down the drug elimination. Even though successful results were
obtained with these preparations it involves some disadvantages,
such as blurred vision or patient non-compliances [1, 2].

An alternative approach that significantly increases the precorneal
residence time and bioavailability of the drug can be achieved by
using the novel delivery system based on the concept of in situ gel
formation. In situ gel forming system can be described as liquids
dosage form that can be delivered in a drop form, and they undergo
a phase transition in the ocular cul-de-sac to form a viscoelastic gel.
In contrast to pre formed gelled formulations the in situ gelling
system has an advantage of reproducible and accurate
administration of drug and creates little to no problem of vision [3].

An in situ gelling system consists of polymers that exhibit sol-to-gel
phase transition due to change in a specific physicochemical
parameter; the pH [4] temperature [5] and electrolyte composition
[6] in the lacrimal fluid of the eye. In situ gel forming solution has
been studies extensively to enhance ocular bioavailability and
prolonged duration of action. A natural hydrophilic polysaccharide
SA (SA) the sodium salt of alginic acid, is used in preparation of in
situ gelling system as it forms polymeric dispersion in buffer that
exhibit low viscosity up to pH 5 and converted to gel in contact with
lacrimal fluid [3-7]. Despite the fact that, in situ gelling polymers can
be applied to the conjunctival sac where they undergo sol to gel and
facilitate drug delivery continuously, its viscosity alone cannot
significantly prolong the precorneal residence time. Consequently
the need of mucoadhesive polymers was emphasized to enhance pre
corneal residence of in situ gel for improved bioavailability of drug.
Muco adhesive polymers are macromolecular hydrocolloids with
numerous hydrophilic functional groups and they may be natural,
synthetic, or semi-synthetic in nature [8, 9]. In present study

Hydroxy ethylcellulose (HEC) was included as mucoadhesive
polymer and SA was chosen as in situ gelling agent since it exhibits
several favorable biological properties such as biodegradability and
non-toxicity [10].

Pefloxacin is a flouro quinolone bactericidal antibiotic, which
inhibits bacterial DNA replication as other flouroquinolones.
Compared to other antibiotics it has wider antibacterial spectrum,
better bioavailability, better ocular penetration, and has least
chances of developing resistance to antibiotic [11, 12].

Hence the aim of this study was to examine the potential use of SA
and HEC in designing a long acting mucoadhesive in situ ophthalmic
delivery system of pefloxacin mesylate.
MATERIALS AND METHODS

Perfloxacin mesylate was obtained from Smruthi Pharma Pvt Ltd.,
Kolhapur [India]. SA and Hydrox ethyl cellulose were purchased
from S. D. Fine chemicals Ltd., Mumbai [India].

Instruments used were UV-Vis Spectrophotometer [Shimadzu UV1700 PC, Shimadzu corporation, Japan], Brookfield Viscometer [LVDVE] Brookfield Engineering Labouratories INC USA], Dissolution
Tester [USP XXXIII dissolution Tester, Electrolab, Mumbai, India]

Preparation of In situ gelling systems of Pefloxacin mesylate

SA in combination with hydroxyl ethyl cellulose was dissolved in
Acetate buffer pH 5.0 by continuous stirring at 40 °C. Required
quantity of Pefloxacin mesylate was added to polymeric solution
and stirred to get a final drug concentration of 0.3% w/v.
Mannitol [5% w/v] and Benzalkonium chloride [0.01 % w/v]
was added later which acts as isotonicity adjusting agent and
preservative, respectively. The complete formulas of the
formulations are given in the [table1]. The formulations were
filled in sterile 20 ml glass vials, capped with rubber closures
and sealed with aluminum caps. The formulations in their final
pack were terminally sterilized by autoclaving at 121 °C and 15
psi for 20 min. The sterilized formulations were stored in
refrigerator [4 °C – 8 °C] until further use.

Preethi et al.

Int J Pharm Pharm Sci, Vol 7, Issue 8, 345-350

Table 1: Composition of In situ gelling formulations
Formulation ingredients
(% w/v)
Drug
SA
Hydroxy ethyl cellulose
Mannitol
Benzalkonium
chloride
Acetate buffer

Formulation codes
C1
C2
0.3
0.3
1
1
1
2
5
5
0.01
0.01
q. s

q. s

C3
0.3
1
3
5
0.01
q. s

C4
0.3
1.5
1
5
0.01
q. s

C5
0.3
1.5
2
5
0.01
q. s

C6
0.3
1.5
3
5
0.01
q. s

C7
0.3
2
1
5
0.01
q. s

C8
0.3
2
2
5
0.01
q. s

C9
0.3
2
3
5
0.01
q. s

In vitro gelation studies

Ex vivo corneal permeation studies using goat’s cornea

Formulations were evaluated for gelling capacity by placing a drop
of the formulation in a vial containing 2 ml of freshly prepared STF
and equilibrated at 37 °C. The gel formed, gelation time and the time
taken for the gel to dissolve was assessed visually. The composition
of simulated tear fluid (STF) was sodium chloride 0.670 g, sodium
bicarbonate 0.200 g, calcium chloride 0.008g and purified water q. s
100 g [9].

Whole eye balls of goat were procured from a local slaughter house
and corneas were used to study the trans corneal permeability. A
diffusion cell was fabricated to evaluate drug permeation through a
sheep's corneal membrane. The modified diffusion cell consists of an
upper and lower chamber and it was separated by goat cornea.
Simulated tear fluid was used as a diffusion medium. The
formulation to be tested was added to the donor chamber with the
help of a micropipette. The donor surface of the membrane was
constantly in contact with simulated tear fluid. A temperature of
37±0.5 °C was maintained throughout the study. A magnetic stirrer
in the cell provided continuous agitation. At regular time intervals, 1
ml of sample was withdrawn and replaced with fresh STF in order to
maintain sink conditions. The samples were appropriately diluted
and the absorbance was measured at 272 nm using a Shimadzu
1700UV-VIS spectrophotometer [15].

Rheological studies

In order to evaluate the rheological behavior, viscosity of the
formulations before and after addition of simulated lacrimal fluid
was evaluated using Brookfield viscometer [RVE Model]. Studies
were carried out at room temperature. Sample was placed in a
suitable beaker and the instrument continuously sheared the
material at various angular velocities from 10 to 100 rpm. The
hierarchy of angular velocity was reversed and the average viscosity
was determined.
Measurement of bio adhesion force

In this method excised sheep corneal membrane was immediately
fixed with the mucosal side outwards onto a glass vial using a rubber
band. Vials with the corneal membrane were stored at 37 °C for 5
min. Then, the next vial with a section of the membrane was
connected to a balance in an inverted position while the first vial
was placed on a height adjustable pan. The gel was placed onto the
corneal membrane of the first vial. Then, the height of the second
vial was adjusted so that the membrane surfaces of both the vials
came in close contact. A ten minute contact time was chosen. Then,
the weight was allowed to increase in the pan by adding weights
until the vials get detached. The bioadhesive force was the minimum
weight required to detach two vials.

The bioadhesive force, expressed as detachment stress in
dynes/cm2, was determined from minimal weights needed to detach
the tissues from the surface of each formulation, using following
equation.
Detachment stress [dynes/𝑐𝑐𝑐𝑐2 ] =

mxg
A

Where m is the weight added to the balance in grams; g is the
acceleration due to gravity taken as 980 cm/s2; and A is the area of
tissue exposed. Measurements’ were repeated three times for each
of the gel preparations [13].
In vitro release studies

The in-vitro release studies of all the formulations were carried out
through cellophane membrane. Overnight soaked cellophane
membrane was tied to one end of the specially designed glass
cylinder which is open at both sides. With the help of metallic shaft
the cylinder is suspended such that the membrane just touches the
100 ml of STF medium in the flask of a USP rotating paddle
apparatus. For release studies, the temperature of the medium was
maintained at 37.2 °C and 10 ml of formulation was kept in the well
of the diffusion cell. The paddle was lowered into the flask and
rotated at 50 rpm. Aliquots of the medium were withdrawn
everyone hour up to 12 h and each time equal volume of STF was
replaced to the receptor medium. The absorbances were read by UV
spectrophotometer at 272 nm and cumulative percentage drug
releases were calculated [14].

Isotonicity evaluation

Isotonicity is an important characteristic of the ophthalmic
preparations. Isotonicity has to be maintained to prevent tissue
damage or irritation of eye. Formulations were mixed with few
drops of blood and observed under the microscope at 45 X
magnification and compared with the standard solution containing
pefloxacin. The shape of blood cell was compared with the standard
solution containing pefloxacin [16].

Hemolysis test

In vitro eye irritancy screening method described by Dharmendra
Jain et al. was performed to predict the eye irritation potential of
formulations. According to procedure 5 ml of whole blood was
collected from healthy individual and EDTA was used as an
anticoagulant. Blood was centrifuged at 1500 × g for 20 min. The
buffy coat was removed and the packed cells [RBCs] were washed
thrice with normal saline. Normal saline was added to the cells to get
40–50% hematocrit. Positive and negative controls were prepared
in two different test tubes by diluting 100 μl of RBC to 3 ml with
double distilled water in positive control and normal saline in the
negative control. In positive control RBC will be lysed and in
negative control there will be absence of lyses. Formulations were
incubated at 37 °C for1 hours with 100 μl RBCs in test tubes and
volume was made up to 3 ml with normal saline. All the formulations
were tested for haemolysis in triplicates. The blood samples were
then centrifuged at 795 × g for 20 minutes and the absorbance of the
supernatant was measured at 540 nm by UV spectrometer [17, 18].
Percentage hemolysis was calculated using the following formula:
% Hemolysis =

Antimicrobial studies

Aborbance of sample
x 100
Absorance of 100% haemolysis

To ascertain the biological activity of the optimized formulation, the
antimicrobial activity was carried out against Pseudomonas
aeruginosa [MTCC 1934] and Staphylococcus aureus [MTCC 737]. A
layer of nutrient agar [20 ml] seeded with test microorganism [0.2
ml] was allowed to solidify in the petriplate. Cups were made on the
solidified agar layer with the help of sterile borer with 4 mm
diameter. The volume of the formulations [optimized formulation
and standard drug solution] containing equal amount of the drug is
poured into the cups. After keeping the Petri plates at room
temperature for 4 h, the plates were incubated at 37 °C for 24 h. The
346
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zone of inhibition obtained was measured by an antibiotic zone
reader [19].
RESULTS AND DISCUSSION

Preparation of formulations
The use of SA in in situ gel-forming systems is substantiated by the
property of SA showing low viscosity up to pH 5 and which
coacervate in contact with tear fluid pH 7.4 [20]. However, from
preliminary studies it was confirmed that SA concentrations 1 to 2%
w/v does not exhibit the desired bioadhesive force and hence
polymer HEC in the concentration range of 1 to 3 % w/v was added
as bioadhesive polymer. The dose of the drug in the in situ gel
formulation was calculated with respect to the dose of drug in
marketed eye drops i. e 0.3 % w/v.
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increased the Bioadhesion force is increased, [table 2]. Increase in
bioadhesive force of formulations may be due to presence of HEC,
which has an abundance of hydroxyl and ether groups along their
length, which are responsible for the mucoadhesive properties [21].

Evaluation of formulations

Interaction studies were carried out by FTIR spectra to check
possible interaction among the ingredients in the formulations. No
new bands were detected in spectra of physical mixtures when
compared with drug and individual polymers. This revealed that the
ingredients are compatible with each other and no interaction took
place between drug and polymer mixture. The drug content, clarity
and pH of the formulations were found to be satisfactory [table 2].

Rheological studies of in situ gels

Viscosity is one of the prerequisites of an in situ gelling system.
Formulation should have an optimum viscosity that will allow easy
instillation into the eye as a liquid drops and must undergo a rapid
sol-to-gel transition in contact with tear fluid [6]. Rheological study
of formulations [fig. 1] indicated that in situ gels exhibited pseudoplastic rheology i.e., viscosity is high under low shear rate and low
under high shear rate conditions. This property offered the
advantage of low viscosity during blinking and stability of tear film
during inter-blinking periods [8]. An increase in pH to 7.4 [STF]
caused the formulations to transform to gels with high viscosity.
Bioadhesion force

Direct relation was observed between polymer concentrations and
detachment stress. As the concentration of polymers HEC and SA

Fig. 1: Rheological profile of prepared in situ formulations

It can also be substantiated due to the presence of SA a polymer with
high glucuronic acid content which forms 3 dimensional ionotropic
hydrogel matrices, generally by preferential interaction of G
moieties resulting in formation of inhomogenous gels [22] and also
due to the low surface tension [31.5 mN/m] of the alginate, which is
lower than the critical surface tension of the mucin coated cornea
[38 mN/m], resulting in good spreading and adhesion [23]. Thus, the
increase in the bioadhesive force will lead to increased retention
time and therefore increased bioavailability.

From the in vitro gelation studies [table 2] it was found that, all the
formulations showed instantaneous gelation when contacted by
tissue fluid [STF] and remained for extended hours after gelation.
However, the nature of gel formed depends on the concentration of
SA and HEC. Formulations C1 and C2 showed immediate gelation but
remained for few hours, which may be due to lesser concentration of
SA. Formulations C6, C8 and C9 produced very stiff gel; this may be
attributed to higher concentration of HEC and SA. The desired gel
was produced by C3, C4, C5 and C7which remained for an extended
period. These four formulations were selected for further evaluation.

Table 2: Physicochemical properties of prepared in situ gel

Formulations

Drug
Content
(%w/v)

pH

Clarity

Gelling
Capacity

Biadhesion force
(dyne/cm2)

C1
C2
C3
C4
C5
C6
C7
C8
C9

99.37
98.23
97.56
98.52
98.12
95.76
98.72
96.36
95.22

5.23
5.25
5.24
5.20
5.22
5.25
5.21
5.20
5.24

Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear
Clear

+
++
+++
+++
+++
+++
+++
+++
+++

78.4
117.6
196
313.6
392
509.6
470.4
588
862.4

Viscosity (cps)
at 60rpm
Before
After
gelling
gelling
82
450
274
1230
1092
1950
140
920
486
940
1286
2090
208
1360
566
1880
1396
2700

Selected
(S)/Rejected(R)
R
R
S
S
S
R
S
R
R

+Gels after few minutes, dissolves rapidly,++Gelation immediate, remains for few hours and+++Immediate gelation, remains for extended period
In vitro release studies

The drug release data obtained for formulations C3, C4, C5, C7 and
Pure drug is depicted in fig. 2. The release profile of a drug predicts
how a delivery system might function and gives valuable insight into
its in vivo behavior. The in vitro release studies of in situ gelling
formulations of Pefloxacin mesylate were carried out using STF of
pH 7.4 as the dissolution medium and 93.9%, 91.62%, 86.8 %, and
89.6% of the drug was released in 12 h from the formulation C3, C4,
C5 and C7 respectively.
Ex vivo corneal permeation studies

Corneal permeation studies were performed using isolated goat’s
cornea using STF [pH 7.4] at 34±0.5 °C. Compared to pure drug the

formulations C3, C4, C5 and C7 have sustained the release up to 6, 8,
10 and 8hr respectively [fig. 3]. Viscosity and release profiles of the
four formulations were considered for selecting an optimum
formulation for further evaluation. Normally viscosity values in the
range of 5-1000 cps significantly improve the contact time in the eye
which is fruitful for ophthalmic use due to the fact that the ocular
shear rate is very high particularly 0.03 s-1 during inter blinking
periods to 4250–28,500s-1during the blinking period [24, 25]. At
higher shear rate the formulations C4 and C5 exhibited viscosity
[after gelation] 920cps and 940cps respectively [table 2], which was
within the reported range. Simultaneously from in vitro and ex vivo
studies it was found that formulation C5 showed better sustained
release compared to C4 formulation. Hence the formulation C5 was
selected as an optimized formulation
347
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Fig. 2: Comparison of In vitro release profile of selected formulations (C3, C4, C5 and C7) with Pure drug, The error bars indicates
standard deviations of three tests.
With the aim of increasing the cumulative drug release, Tween 20 a
permeation enhancer was added to formulation in a concentration
of 2% w/v and it was coded as C5a. Formulation C5a showed release
of 94.01% [fig. 4] in comparison with that of formulation C5 with
86.88% after 12 h. Thus Tween 20 in the C5 formulation has
increased the release profile of the C5a formulation. Both the
formulations C5 and C5a showed an initial burst release in 1 to 2 h.
The initial burst release of the drug can be explained by the fact that,
the in situ gelling system is formulated in water and hence the
polymer was completely hydrated. When they come in contact with
STF, the alginate forms 3-dimensional ionotropic hydrogel matrices,
by the interaction of calcium ions with glucouronic acid residues of

alginates resulting in the formation of inhomogeneous gel which can
entrap the drug and sustain their release [3].

The in vitro release data’s of formulations C5 and C5a were
subjected to various kinetic models and the regression coefficient [r]
values were found to be 0.9794 and 0.9841 respectively for Zero
order plot [table 3]. Hence the best fit model for the optimized
formulations was found to be zero order kinetic models.

The in vitro drug release conditions may be very different from those
likely to be encountered in the eye. However, the results clearly show
that the gels have the ability to retain drug for the prolonged period of
time [12 h] and premature drug release will not occur.

Fig. 3: Comparison of Ex vivo release profile of selected formulations (C3, C4, C5 and C7) with Pure drug, The error bars indicates standard
deviations of three tests

Fig. 4: In vitro Drug release profile of optimized formulation C5 and C5 a, The error bars indicates standard deviations of three tests
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Table 3: Correlation coefficient values of various kinetic models for optimized formulations
Formulation
C5
C5a

Regression Coefficient(r)
Higuchi Matrix
0.8764
0.8817

Peppas plot
0.9711
0.9767

Antimicrobial efficacy study
Pefloxacin has been proved to exhibit superior antibacterial activity
against Pseudomonas aeruginosa which is a causative organism of
bacterial conjunctivitis. Hence in vitro antimicrobial activity was
done, using strain of gram negative bacteria, pseudomonas
aeruginosa [26]. Microbiological studies were carried out to

First order plot
0.8874
0.8329

Zero order plot
0.9794
0.9841

ascertain the biological activity of the optimized formulation against
microorganisms Staphylococcus aureus and Pseudomonas
aeruginosa. Results of Antimicrobial studies are as shown in the
table 4. The formulations C5 and C5a showed good antimicrobial
efficacy which was comparable to that of pure drug. This study
indicated that the Pefloxacin retained its antimicrobial efficacy even
after formulated as an in situ gelling system.

Table 4: Comparison of antimicrobial activity of pure drug and optimum formulations

Formulation
Standard (Pure Drug)
C5
C5a

Pseudomonas aeruginosa
(MTCC 1934)
ZOI(mm)
% Efficacy
46
100
45
97.82
41
89.13

Hemolysis studies
To check the hemo compatibility of the formulations hemolysis
study was performed using red blood cells [RBCs]. Results of
hemolysis study are shown in table 5. Ocular irritation generally
results from cytotoxic reactions of the applied substances with
ocular tissues. Hemolysis test is considered as a simple, rapid, and

Staphylococcus aureus
(MTCC 737)
ZOI(mm)
%Efficacy
47
100
44
95.65
44
95.65

reproducible technique to assess ocular irritation based on damage
to RBC membranes. Also, hemolysis assay offers good sensitivity and
specificity and shows minimum difference with the Draize test
among the different in vitro tests available [27]. Formulations C5
and C5a showed negligible hemolysis of 3.6 and 3.8% respectively
which was in the range of 0-4 %, similar to that of normal salinetreated erythrocytes.

Table 5: Results of Hemolysis studies of optimum formulations
Formulations/control
Positive control
Negative control
C5
C5a

Absorbance at 540 nm
0.442
000
0.0161
0.0172

CONCLUSION
An optimized ion activated in situ opthalmic gel of Pefloxacin
mesylate can be formulated by using the combination of SA and HEC.
Formulation was liquid at non physiological pH [pH 5] and
underwent rapid gelation at physiological pH [pH 7.4]. The
formulation was found to be clear, having good bioadhesion, and
viscosity, and the release kinetic study showed sustained release for
a period of 12hr that followed Zero order kinetics. Optimized
formulation was isotonic, non irritant and exhibited good
antimicrobial efficacy. Hence from all the above results we can
conclude that prepared formulation can be conveniently administer
in drop form that undergo a phase transition in the ocular cul-de-sac
to form a viscoelastic gel, which increases pre corneal residence
time and sustain the drug for the longer period of time.
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The study aimed to enhance the transdermal permeation of diclofenac sodium using combined strategy
of constant voltage iontophoresis (CVI) and chemical penetration enhancers (CPE). Four hydrogels of
diclofenac sodium were formulated with the key CPE and hydroxyethyl cellulose (HEC) as a viscosity
imparting agent. In vitro permeation studies of the hydrogels indicated CVI signiﬁcantly increased
(ANOVA, P < 0.05) the steady state ﬂux of diclofenac sodium through the porcine skin in the order
geraniol (F1) > l-menthol (F2) > thymol (F3) > SLS-urea (F4) compared to the Fc (Passive control) under
the applied voltage. F1 was identiﬁed as the lead formulation as an overall increase in steady state ﬂux of
5.157 fold compared to Fc was observed at 1.5V. Pharmacokinetic studies in rats indicated that CVI at 1.5V
following application of the lead formulation increased the Cmax and AUC0-8h by ~3.5 folds compared to
passive treatment. The higher systemic levels of diclofenac are likely to enhance the drug concentration
in synovial ﬂuid which is the site of action in most musculoskeletal disorders. The results of the study
indicate that CVI can effectively deliver therapeutic amounts of diclofenac sodium transdermally to
relieve chronic deep-seated muscular pain in several rheumatic disorders.
© 2015 Elsevier B.V. All rights reserved.
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1. Introduction
People worldwide are known to suffer from the pain and disability
due to rheumatic musculoskeletal disorders. Musculoskeletal disorders contribute to 3.4% and 1.7% of the total global disease burden in
the developed and developing countries [1]. However, the burden of
the disease in the developing countries is about 2.5 times higher than
that in the developed countries. The currently available therapeutic
option to treat musculoskeletal disorders involves oral or parenteral
administration of steroidal or non steroidal anti-inﬂammatory drugs
(NSAID's). NSAID's provide symptomatic relief from pain, allow
quicker recovery and return to normal activity [2]. Diclofenac sodium
is a NSAID used in the management of pain associated with various
musculoskeletal disorders [3]. The drug is known to relieve the pain
by interfering with the prostaglandin synthesis by inhibiting both
cyclooxygenase-1 (COX-1) and cyclooxygenase-2 (COX-2) enzymes
[4]. However, diclofenac is known to undergo extensive ﬁrst pass
metabolism limiting the oral bioavailability to 50e60%. Therefore, the

* Corresponding author.
E-mail address: shivakumarhn@gmail.com (H.N. Shivakumar).
http://dx.doi.org/10.1016/j.jddst.2015.10.007
1773-2247/© 2015 Elsevier B.V. All rights reserved.

drug demands frequent oral administration at a dose of 150 mg a day
in three divided doses [3]. Due to the non-selective COX inhibition
and the frequent dosing, oral diclofenac has been associated with
severe gastrointestinal side effects including gastrointestinal perforations, ulcers and bleeding that can often limit its long-term use.
Dyspepsia owing to the gastrointestinal side effects is the major cause
of discontinuation of oral therapy in sensitive patients. Though
topical therapy is known to overcome the gastrointestinal adverse
effects of oral NSAID's the penetration of therapeutic amounts of drug
into underlying inﬂamed tissues such as muscle, tendon sheath,
synovium and synovial ﬂuids of superﬁcial joints has been a big
challenge [5]. Therefore, the currently available topical products are
only used as an adjunct in moderate to serve conditions. Considering
the limitations of topical products, transdermal patches of diclofenac
have been developed and marketed at present. The passive transdermal patches are designed to deliver diclofenac to systemic circulation and exert the effect at sites distant from the site of application.
These patches are known to obviate the ﬁrst pass metabolism
frequently encountered with oral diclofenac and thereby reduce the
dose by improving the bioavailability. Moreover, transdermal patches
result in signiﬁcantly lower systemic exposure thus reducing the
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dose-dependent side effects associated with oral administration.
Thus, passive transdermal patches often result in improved patient
compliance and adherence, which could be an added advantage in
patients who cannot take oral diclofenac. Despite the innumerable
advantages, the conventional transdermal patches are likely to be less
efﬁcacious owing to the poor permeation of the diclofenac sodium
through the stratum corneum that acts as a major barrier for the
transport of ionic permeants. The poor permeation of diclofenac sodium can be attributed to the fact that the drug from these patches
can only passively diffuse across the stratum corneum to reach the
blood stream and the underlying muscles. Considering the limitations of passive transdermal patches, the current work aims to assess
the feasibility of constant voltage iontophoresis (CVI) to enhance the
transdermal permeation of diclofenac sodium. Iontophoresis is an
electrically mediated technique that facilitates the transport of ions
through the stratum corneum under the applied voltage or current by
electrorepulsion and electroosmosis. Electrorepulsion enhances the
permeation of the charged ions through the skin using an electrode
bearing a similar charge while electroosmosis involves the bulk
transport of the solvent along with the ions. Iontophoresis has been
found to be more effective compared to passive diffusion to deliver
charged therapeutic agents to subdermal tissues [5]. CVI has been
used in the past to assist the transdermal delivery of salmon calcitonin [6], Azidothymidine [7], Leuprolide diacetate [8] and iron pyrophosphate [9]. However, most of the reports involved mechanistic
studies that were less focused to investigate the synergistic action of
the chemical penetration enhancers and CVI. Considering the limited
work undertaken in the proposed area, an effort has been made to
elucidate the synergistic effect of CVI and chemical enhancers on the
transdermal permeation of diclofenac sodium in order to enable a
more patient compliant home drug therapy. The combination strategy is likely to reduce the side effects associated with high concentrations of enhancers or by high current densities. By virtue of the
higher efﬁcacy, the combination strategy allows milder and more
patient compliant transdermal administration of diclofenac in a
tailored manner.

Prior to start of the experiments, animals were fasted overnight.
2.2. Partition coefﬁcient
The partition coefﬁcient of diclofenac sodium was determined in
phosphate buffer saline (PBS) of pH 7.40 and n-octanol system
following the method reported earlier [10]. About 20 mg of diclofenac sodium was dissolved in 10 ml of PBS to obtain aqueous solution having a concentration of 2 mg/ml. About 10 ml of n-octanol
was added to equal volume of this aqueous solution in a separating
funnel and was allowed to equilibrate for 24 h at room temperature
with intermittent shaking. Following equilibration, the aqueous
phase was separated from the organic phase by centrifugation at
2000 rpm for 10 min in a laboratory centrifuge (R4C, Remi instruments, Mumbai, India). The concentration of drug in aqueous
phase was determined by suitably diluting and measuring the
absorbance at 276 nm in a UV-Spectrophotometer (UV 1800, Shimadzu Corporation, Kyoto, Japan). The partition coefﬁcient was
determined using the Equation (1) after calculating the differential
amount of diclofenac sodium that would have got distributed in the
organic phase [11].

log P ¼ log

CO
CPBS

Where
CO
¼
Concentration
CPBS ¼ Concentration in PBS.

(1)
in

organic

phase

and

2.3. Preparation of skin

2. Materials and methods

Porcine ears of freshly slaughtered pig were obtained from the
local abattoir and the whole skin was carefully separated from the
underlying cartilage using a stainless steel scalpel. The fat underlying the subcutaneous layer was carefully removed using a pair of
scissors. Finally the full thickness skin was washed under the
running tap water, stored in a refrigerator and used within 2 days
[12]. The average thickness of the skin after clearing the subcutaneous layer was found to be approximately 0.50 mm.

2.1. Materials

2.4. Preparation of electrodes

Diclofenac sodium was purchased from Yarrow chemicals,
Mumbai, India, Hydroxyethyl cellulose (Natrosol 250 M) was kindly
donated by Ashland Chemicals Ltd, Mumbai, India. Geraniol, Levomenthol (l-menthol), thymol, delta-carrageenan and Paraﬁlm®
were purchased from SigmaeAldrich, Bangalore, India. Sodium
lauryl sulphate (SLS), urea, mono-sodium phosphate, di-sodium
hydrogen orthophosphate, citric acid, sodium hydroxide, sodium
chloride, polyethylene glycol-400 (PEG-400), orthophosphoric
acid, hydrochloric acid, methanol, and n-hexane were bought from
S.D. Fine Chemicals, Mumbai, India. Vitamin-E polyethylene glycol
1000 succinate (TPGS) was procured from VB Medicare Pvt. Ltd,
Hosur, India while sodium hyaluronate (Naturmoist HA) was a
generous sample of Naturganic Chemicals Pvt. Ltd, Bangalore, India.
Deionised water having a resistivity of 18 MU-cm was used to
prepare all the aqueous solutions and buffers.

Silveresilver chloride electrodes were used for all the iontophoresis trials taking into account their stability and reversibility
[13]. Silver wires having a diameter of 0.8 mm were immersed in
0.1 M hydrochloric acid and the other ends were connected to the
either terminals of direct current source from a single channel
constant power supply (PSU 2510/Lab, digital display, current:
0e10 mA, voltage: 0e25 V, Ultra pure scientiﬁc, Mumbai, India). A
grey layer of silver chloride was gradually deposited on the anode
after 6 h. This silver electrode coated with silver chloride used as a
cathode in all the iontophoresis trials.

2.1.1. Animals
The in vivo experimental protocol was approved by institutional
animal ethical committee No-06/SAK/HNSK/01/2013, dated 31st
August 2013. Male wistar rats were used for pharmacokinetic
studies. The animals weighing around 200e250 g were housed in
polypropylene cages (4e6 animals per cage) with adequate
arrangement for water and feed. About one week time was allowed
for acclimatization of animals before the studies were initiated.

2.5. Iontophoretic screening of potential chemical penetration
enhancers
Penetration enhancers like 40% w/v of transcutol-P [14], 40% w/
v of ethanol [15], 20% of PEG-400 [16], 20% w/v of TPGS [17], 5% w/v
of SLS [18], 10% w/v of urea [19], 2% w/v of sodium hyaluronate [20],
5% w/v of terpenes such as geraniol, l-menthol and thymol [18]
were screened to assess their ability to improve the iontophoretic
transport of diclofenac across porcine ear skin used as a barrier.
A deﬁnite weighed amount of diclofenac sodium and appropriate amount of enhancer as indicated above was dissolved and
diluted to volume with PBS, to obtain an aqueous solution having a
drug concentration of 2 mg/ml. However, in solutions containing
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terpenes, ethanol (40% w/v) was used as a cosolvent.
The in vitro iontophoretic screening studies were performed in
triplicate for a period of 4 h in modiﬁed Franz diffusion cells (FDC).
The porcine skin was sandwiched between the receiver and donor
compartment of cell in such a way that the epidermis faced the
donor while the dermis faced the receiver side. A silver chloride
electrode used as a cathode was ﬁtted on the donor compartment
whereas a pure silver wire passed into the receiver chamber via the
sampling port served as a return electrode. About 0.5 ml of diclofenac solution in PBS (2 mg/ml) with or without the enhancer was
charged into the donor compartment that was covered with Paraﬁlm® to prevent the evaporation of the vehicle from the drug
solution. The receiver compartment was ﬁlled with PBS maintained
at 37 ± 0.5  C and stirred at a speed of 600 ± 10 rpm in a diffusion
cell apparatus (FDC-06, Orchid scientiﬁc and innovative Pvt. Ltd,
Nasik, India). Cathodal iontophoresis was performed under a constant voltage source (1.5 V) using a locally procured button cell
battery assembly. The current ﬂowing between the two terminals
of the battery was measured throughout the studies using a digital
multimeter (Electromark, New Delhi, India). Samples measuring
0.5 ml were withdrawn at the end of 4th hour during the screening
studies from the sampling port of FDC and analyzed by HPLC on
suitable dilutions. Compounds that signiﬁcantly improved (ANOVA,
P < 0.05) the iontophoretic transport of diclofenac across the
porcine skin were incorporated as enhancers in formulations of
diclofenac hydrogels.
2.6. Preparation of gels
The gel formulations containing diclofenac sodium were prepared in dual asymmetric centrifuge (DAC 150 Speed mixer,
Hauschild and Co. Waterkamp, Germany). Diclofenac sodium (1%
w/w) and the key penetration enhancers identiﬁed by the
screening procedure were taken in a mixing cup with PBS and
mixed at a speed of 3500 rpm for a period of 240 s in a speed mixer
[21]. Ethanol at a concentration of 40% w/w was used as a cosolvent
in formulations containing terpenes. Subsequently, HEC was added
to the mixing cup and mixed for 480 s to obtain a uniform transparent gel free from air bubbles. The pH was ﬁnally adjusted to
7.40 ± 0.05 using suitable pH modiﬁers. A total of 4 formulations of
hydrogels containing geraniol or l-menthol or thymol or SLS-urea
were prepared as per Table 1. However, hydrogel formulation
without any enhancer served as a control.
2.6.1. In vitro passive diffusion
The in vitro passive diffusion studies of diclofenac sodium from
hydrogels across the porcine skin were performed for a period of
8 h in modiﬁed FDC [9]. The porcine ear skin of known thickness
was mounted between the two halves of FDC as described earlier.
About 0.5 g of diclofenac gel formulation was charged into the
donor compartment while the receiver compartment was ﬁlled
Table 1
Composition of diclofenac sodium hydrogel formulations.
Ingredients

Composition (% w/w)
F1

Fc
Diclofenac sodium
Geraniol
l-menthol
Thymol
SLS
Urea
Ethanol
Natrosol 250 M
PBS (Q.S)

1.00
e
e
e
e
e
e
2.75
100.00

F2
1.00
5.00

e
e
e
e
40.00
2.75
100.00

F3
1.00

e
5.00
e
e
e
40.00
2.75
100.00
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with PBS maintained at 37 ± 0.5  C and a stirring speed of
600 ± 10 rpm in a diffusion cell apparatus. Samples measuring
0.5 ml were withdrawn at 1, 2, 3, 4, 6 and 8th hour during the study
from the sampling port of the FDC, suitably diluted and analyzed by
HPLC to determine the amount of the drug permeated per unit area
of the skin from the hydrogels.
2.6.2. In vitro iontophoresis
In vitro iontophoretic permeation studies of diclofenac sodium
from hydrogels were performed under similar set of experimental
conditions used for the passive trials for a period of 8 h in modiﬁed
FDC [9]. However, a silver chloride electrode used as a cathode was
mounted on the donor while a pure silver wire passed to the
receiver compartment via the sampling port served as an anode.
Two different electrical protocols under constant voltages of 1.5 V
and 3.0 V were employed for cathodal iontophoresis of diclofenac
sodium. The current ﬂow between either terminals of the battery
was constantly monitored with a digital multimeter. Samples
measuring 0.5 ml were withdrawn at 1, 2, 3, 4, 6 and 8th hour
during the study from the sampling port of the FDC, suitably diluted
and analyzed by HPLC.
The in vitro permeation studies were performed in triplicate and
the results were presented as mean ± standard deviation. The cumulative amount of diclofenac sodium permeated per unit area of
the full thickness skin from the hydrogels was plotted against time
and the slope of the linear portion of the plot was considered as the
steady state ﬂux (Jss). The permeability coefﬁcient (Kp), diffusion
coefﬁcient (D) and the enhancement ratio (ER) were computed
using Equations (2)e(4) respectively [12].

Jss
Cd

(2)

Kp h
K

(3)

Kp ¼

D¼

ER ¼

Iontophoretic flux
Passive flux

(4)

Where Cd represents concentration of drug in donor compartment
K is the skin/vehicle partition coefﬁcient and h is the thickness of
the skin.
The target ﬂux (F) for diclofenac was calculated as per the below
formula from the pharmacokinetic parameters cited in the literature [22].

F¼

CSS ClT BW
A

(5)

Where, ‘ClT’ stands for the total body clearance for diclofenac sodium, which is reported to be 4.2 ± 0.9 ml/min Kg [23]. The steady
state plasma concentration ‘Css’, was assumed to be 400 ng/ml that
represented half of the peak concentration achieved in blood on
oral dosing of 50 mg in human volunteers [24]. ‘BW’ stands for the
standard body weight was assumed to be 60 Kg, while ‘A’ represents the surface area of the transdermal patch.

F4
1.00

e
e
5.00
e
e
40.00
2.75
100.00

1.00
e
e
e
5.00
10.00
e
2.75
100.00

2.6.3. In vivo pharmacokinetic studies
Prior to the start of experimental procedures the animals were
anaesthetized using ketamine hydrochloride by intraperitoneal
injection. Later the rats were clipped to a wooden board with
abdomen facing upwards. The hairs in the abdominal region were
carefully removed using a custom made electrical trimmer.
A total of three groups of animals containing 30 animals in each
group were assigned for pharmacokinetic studies of diclofenac
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sodium following transdermal administration. The drug was
allowed to passively diffuse following application of F1 to the ﬁrst
group (passive group) while CVI was applied after treatment with
Fc and F1 to the second group and third group (iontophoresis
groups) respectively.
In brief, about 0.5 g of diclofenac hydrogel was loaded into
donor cell mounted on the abdomen for passive group. However, in
case of iontophoretic groups, a placebo electro conductive gel ﬁlled
into another cell that was mounted 1 cm away from the donor cell.
Silver chloride electrode connected to the negative terminal of the
battery was afﬁxed on to the donor compartment containing drug
loaded hydrogel formulation whereas the silver wire connected to
the positive terminal of the battery was ﬁtted onto the other cell
containing the placebo gel. A voltage of 1.5 V was applied across the
electrodes using a locally available constant voltage source for a
period of 8 h [9].
Blood samples were collected by retro-orbital puncture into
heparinised tubes at 0, 1, 3, 5, and 8 h from each animal. A total of
six animals were used for sample collection at each time point in
each group. The blood samples drawn at each time point from 2
different animals were pooled to generate 3 blood samples per time
point and a total of 15 pooled samples from 5 time points for each
group. The pooled blood samples collected after the studies were
centrifuged at around 3000 rpm for 15 min and the resulting supernatant was separated to obtain the plasma.
2.6.4. Extraction of diclofenac from blood plasma
About 0.5 ml of plasma was taken in a glass vial to which 1 M
orthophosphoric acid (0.5 ml) was added to precipitate the free
diclofenac. To the acidiﬁed plasma, 2.5 ml of a mixture of n-hexane:
isopropyl alcohol (90:10) was added and shaken for 30 min. The
organic layer containing diclofenac was separated and evaporated
to dryness in a vial. The dry residue thus obtained was reconstituted with 0.1 ml of mobile phase before analysis by HPLC.
The pooled blood (1 ml) from the untreated rats was spiked with
a deﬁnite volume of standard solution of diclofenac sodium in PBS.
The drug thus incorporated into the blood was subsequently
extracted using the procedure explained earlier and analyzed by
HPLC.
2.6.5. HPLC analysis
The samples generated during the studies were analyzed in a
liquid chromatographic system (LC-2010 CHT, liquid chromatography, Shimadzu Corporation, Japan) ﬁtted with PDA detector (SPDM20A) and controlled by computer program software (LC solution).
A C18 reverse phase column was used to elute diclofenac sodium in
the samples that were analyzed at 276 nm at ambient temperature.
The mobile phase comprising of a mixture of acetonitrile: deionised
water in a ratio of 70:30 v/v respectively (pH 3.5) was allowed to
ﬂow at a rate of 1.2 ml/min in the run time of 10 min [25].
2.6.6. Histology studies
The skin biopsy samples obtained after the pharmacokinetic
studies were rinsed thoroughly with PBS. The samples were ﬁxed
using with 10% neutral formalin and embedded in parafﬁn. Sections
of 5e7 mm thick were stained with hematoxylin and then counter
stained with eosin before observing under an optical microscope at
a magniﬁcation of 100X. The images observed were captured using
a digital camera mounted connected to the microscope.
2.6.7. Statistical analysis
The data generated were statistically compared by performing
ANOVA in GraphPad 5.0 Instat demo version software (GraphPad
Inc. CA, USA). The probability value of less than 0.05 was considered
to be signiﬁcant.

3. Results and discussion
Transdermal delivery has been the preferred treatment modality for diclofenac sodium in management of musculoskeletal disorders as it is prone to undergo ﬁrst pass metabolism and causes
the associated gastrointestinal side effects. Though transdermal
application is able to circumvent these issues associated with the
drug, it is found be less efﬁcacious owing to the poor permeation of
the relatively hydrophilic diclofenac sodium through the stratum
corneum. To overcome the permeability issues associated with
diclofenac sodium, an attempt is made in the current work
employing CVI and potential skin permeation enhancers. CVI is a
technique that facilitates the transdermal permeation of ions under
the inﬂuence of externally applied potential difference [8]. The
technique has the potential to promote the regional delivery of
diclofenac to the affected tissue underlying the application site [26].
The low molecular weight (318.13 Da) and high charge to mass
ratio (3.14  103) makes diclofenac sodium an ideal molecule for
iontophoretic transdermal delivery. The partition coefﬁcient of
diclofenac sodium determined in n-octanol phosphate buffer (pH
7.4) system was found to be 12.91 ± 0.11. The corresponding log P
value (1.115) indicates the relatively hydrophilic nature of diclofenac sodium at physiological pH and therefore, justiﬁes the selection
of CVI to enhance the drug transport across skin. The experimental
value of log P was found to be close to the calculated value reported
at physiological pH [27]. The efﬁciency of iontophoresis in promoting the transdermal permeation depends on the fraction of the
ionized species and therefore the pKa-pH differential. Knowing the
pKa value of diclofenac sodium (pKa ¼ 4.0), computation of the
fraction ionized by Henderson Hasselbalch's equation indicated
that about 99.96% of the drug existed in the cationic form making
the drug an ideal candidate for cathodal iontophoresis at physiological pH. The diclofenac anion would be repelled by the negatively charged electrode (cathode) by electrorepulsion, which acts
as a major driving force of the drug transport across the skin. In
addition, the permeability of the skin would be temporarily altered
during CVI by expansion of the existing channels or creation of the
new pores, due to ﬂuidization of the intercellular lipids of the
stratum corneum or by rearrangement of the intracellular keratin
[28].
3.1. Iontophoretic screening of potential chemical penetration
enhancers
Stratum corneum is the outer most layer of the skin that offers a
signiﬁcant resistance to transdermal permeation [29]. The stratum
corneum is basically made up of intercellular lipids that surround
the keratin rich corneocytes. In addition, high density of hair follicles and sweat glands are seen distributed all over the stratum
corneum. The three pathways the drug can utilize to traverse
through the stratum corneum of the skin would be intracellular
(transcellular), intercellular (paracellular) and transappendageal
(shunt) pathway. The intercellular lipid pathway and shunt
pathway are identiﬁed to be the key pathways involved in iontophoretic transport of diclofenac sodium [30].
Extensive literature search revealed that transcutol-P, ethanol,
PEG-400, TPGS, SLS, Urea, sodium hyaluronate and terpenes like
geraniol, l-menthol and thymol are known to increase the drug
permeation across skin by vivid mechanisms. Transcutol-P is
known to increase the drug solubility in the barrier [16], while
Ethanol is known to extract the skin lipid fraction and improve drug
partitioning into skin [18]. Likewise, PEG-400 acts by affecting the
skin hydration and favoring drug partitioning, whereas TPGS is
known to affect the solubility and thermodynamic activity of hydrophilic compounds by micellar solubilization [17]. Similarly, SLS
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affects the skin permeation by interacting with intracellular lipid
while urea enhances the permeation by acting as a hydrating and
keratolytic agent [16,18]. Sodium hyaluronate was tried as an
enhancer considering its ability to moisturize the skin and thereby
affect its permeability [20]. Though a number of potential penetration enhancers possess the ability to increase the passive
permeation of diclofenac sodium, few of the enhancers that would
act synergistically with CVI needs to be identiﬁed. In order to
quickly identify the lead enhancers that would improve the efﬁciency of CVI, a high throughput ‘iontophoretic screening procedure’ was employed in the current study. The aim of the screening
procedure was to discriminate and distinguish between enhancers
that could merely enhance the passive transport of diclofenac sodium from those which can improve the iontophoretic efﬁcacy. The
screening procedure mainly intends to minimize the number of
real-time FDC trials that are invariably tedious and timeconsuming.
The amount of diclofenac sodium transported in 4 h from solutions (PBS, pH 7.4) under the applied electric ﬁeld is portrayed in
Fig. 1. The ‘iontophoretic screening procedure’ indicated that
Transcutol-P, ethanol, PEG-400, TPGS and sodium hyaluronate
failed to signiﬁcantly increase (ANOVA, P > 0.05) the transport of
diclofenac sodium compared to the enhancer free solution of
diclofenac sodium under the voltage of 1.5 V in 4 h. Despite being
established skin penetration enhancers, the above mentioned
compounds failed to improve with iontophoretic efﬁcacy under the
applied voltage of 1.5 V. The failure of these enhancers to signiﬁcantly increase the permeation of diclofenac sodium is due to the
fact that the enhancement due to iontophoresis alone was large
enough compared to passive control (Enhancement ratio ~2.06
fold) to mask the effect of these penetration enhancers which were
relatively negligible. Conversely, the three terpenes emerged as key
potential enhancers under the applied voltage. The amount of
diclofenac sodium permeated at 1.5 V when geraniol, l-menthol
and thymol were used as enhancers was found to be
1.205 ± 0.053 mmol cm2, 1.077 ± 0.080 mmol cm2 and
0.986 ± 0.060 mmol cm2 respectively, which was signiﬁcantly
higher (ANOVA, P < 0.001) than the permeation observed with the
enhancer free drug solution. Terpenes are GRAS (generally regarded as safe) listed natural transdermal penetration enhancers that
are non-toxic, non-irritating. The increase in the iontophoretic
transport of diclofenac sodium with terpenes can be attributed to
their ability to induce structural changes in the stratum corneum
and increase the electrical conductivity of the tissues that would
open up the polar pathways in the skin [31,32]. Terpenes were reported to increase the iontophoretic efﬁciency of several

Fig. 1. Screening of permeation enhancers for iontophoretic delivery of diclofenac
sodium at 1.5 V. Each individual bar graph represents mean ± SD (n ¼ 3). Based on
ANOVA followed by Bonferroni test (***P < 0.001, **P < 0.01) compared to enhancer
free solution.
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compounds including glipizide [12], venlafaxine hydrochloride
[10], luteinizing hormone-releasing hormone [33], buspirone hydrochloride [34] methotrexate [35] and nortriptyline hydrochloride
[36].
Though as not effective as the terpenes, the mixture of SLS and
urea was found to signiﬁcantly (ANOVA, P < 0.01) improve the
amount of diclofenac sodium permeated (0.978 ± 0.031 mmol cm2)
under the applied voltage. Urea is known to increase the electrical
conductivity of the skin and thereby increase the transdermal delivery by iontophoresis. Studies conducted earlier indicate that urea
has the potential to improve the iontophoretic transport of glycyrrhizin [19].
3.2. Preparation of gels
All the gel formulations contained Hydroxyethyl cellulose
(2.75%w/w) as a gelling agent with the key penetration enhancers
identiﬁed in the screening procedure. Geraniol, l-menthol and
thymol were incorporated at concentration of 5% w/w in F1, F2 and
F3 respectively while urea (10%w/w) and SLS (5%w/w) were used as
enhancers in F4. As terpenes were insoluble in the aqueous phase,
ethanol (40%w/w) was used as a cosolvent to facilitate the dissolution of the terpenes in the gel formulation. However, the control
gel (Fc) and the gel containing urea with SLS (F4) were devoid of
ethanol. The gels were set buffered to pH 7.4 so as to retain diclofenac sodium in the ionized form.
3.2.1. In vitro passive diffusion
The passive steady state ﬂux permeability coefﬁcient, diffusion
coefﬁcient and enhancement ratio (ER) are depicted in Table 2. Of
all the parameters portrayed in Table 2, steady state ﬂux is a therapeutically more relevant parameter [12]. The steady state ﬂux for
the control gel (FC) was found to be 0.102 mmol cm2 h1 that was
found to be close to the value reported of 172.62 mg cm2 h1
(0.543 mmol cm2 h1) for sodium carboxymethyl cellulose gel
having the same strength of diclofenac sodium [37]. The permeability coefﬁcient would be a function of the partition coefﬁcient of
the permeant, donor concentration and the enhancer used. The
permeability coefﬁcient of diclofenac sodium for the control gel (FC)
was found to be 3.24  103 cm h1 which was in reasonable
agreement with value reported for carbopol gel (4.50 
103 cm h1) for the same donor concentration across rat skin [38].
The rank order of enhancement obtained with different permeation
accelerants in the present study for diclofenac sodium was geraniol
> l-menthol > thymol > urea-SLS. Terpenes have proved in the past
to increase the permeability coefﬁcient of diclofenac sodium by
several folds by favoring the partitioning into skin [39]. Moreover,
steady state permeation experiments performed in the past have
indicated that terpenes have the potential to decrease the lag time
by increasing the drug diffusivity through the skin [18]. Of all the
enhancers tested, geraniol stood out as the most efﬁcacious penetration enhancer of diclofenac sodium displaying an enhancement
of 2.0 fold, followed by l-menthol with an enhancement of 1.98 fold
compared to the passive control (Fc). Geraniol is acyclic monoterpene that has a trans conﬁrmation with two double bonds [40].
The compound is basically an unsaturated primary alcohol that
exists in liquid form at room temperature. Geraniol was reported to
increase the passive permeation of diclofenac sodium with a 20fold increase in the permeability coefﬁcient followed by lmenthol with an 11-fold increase from Carbopol gels containing 1%
w/w of diclofenac sodium [41]. Acyclic terpenes are said to be
structurally well suited to disrupt the intercellular lipids in the
stratum corneum by virtue of the deﬁnitive hydrocarbon tail with a
polar head.
The second most effective enhancer identiﬁed in the present
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Table 2
Passive steady state ﬂux, permeability coefﬁcient, diffusion coefﬁcient and enhancement ratios of diclofenac hydrogels.
Steady state ﬂux (mmol cm2 h1)
Fc
F1
F2
F3
F4

0.102
0.204
0.202
0.129
0.128

±
±
±
±
±

0.012
0.008*
0.009*
0.017
0.020

Permeability coefﬁcient  103 (cm h1)
03.245
06.490
06.426
04.104
04.060

±
±
±
±
±

0.775
0.522
0.561
1.104
1.259

Diffusion coefﬁcient  105 (cm2 h1)
01.13
02.10
01.50
01.45
01.25

±
±
±
±
±

0.273
0.289
0.195
0.459
0.390

Enhancement ratio (ER)
e
2.000
1.980
1.265
1.255

The data represents mean ± SD (n ¼ 3). *P < 0.05, Signiﬁcant compared to FC (Passive Control). ANOVA followed by Bonferroni test.

study was l-menthol, a monocyclic monoterpene containing a
phenolic alcoholic group that occurs as a solid at room temperature
[40]. Earlier citations too, support the fact that l-menthol at a
concentration of 1% w/w was found to be the most effective
transdermal permeation enhancer of diclofenac sodium among the
cyclic terpenes [41,42]. Generally, the effectiveness of terpenes as
percutaneous absorption enhancers would depend on the physicochemical properties of the drug as well as the terpene. By and
large, terpenes with polar functional group are likely to promote
the permeation of hydrophilic permeants while lipophilic terpenes
might provide better penetration enhancement for lipophilic permeants [43]. For instance, l-menthol was reported to increase the
in vitro permeation of hydrophilic compounds such as morphine
hydrochloride and imipramine hydrochloride through rat skin [18].
It has been demonstrated in the past that monoterpenes increase
the transdermal permeation of drugs primarily by increasing the
drug partitioning and thereby the diffusivity into stratum corneum.
However, the better efﬁcacy of geraniol compared to l-menthol
could be due attributed to the poor ability of the liquid terpenes to
form hydrogen bonds with the stratum corneum lipids. It has to be
noted at this point that the average number of hydrogen bonds
formed between the skin lipids and solid terpenes is nearly twice
compared to those formed between the skin lipids and liquid terpenes [44]. Moreover, Quantitative Structure Activity Relationship
(QSAR) studies indicate that geraniol owing to its high degree of
unsaturation is likely to enhance the permeation of polar compounds compared to the saturated terpenes [27]. Contrary to the
other terpenes, thymol was not as effective as the other monoterpenes in accelerating the diclofenac transport across the porcine
full thickness ear skin. Likewise, no signiﬁcant difference (ANOVA,
P > 0.05) in the passive steady state ﬂux and permeability coefﬁcient was noted for the gel formulations containing urea-SLS when
compared to the FC.
3.2.2. In vitro iontophoresis
The steady state ﬂux, permeability coefﬁcient, diffusion coefﬁcient and enhancement ratio under the applied voltage of 1.5 V are
portrayed in Table 3. CVI lead to statistically signiﬁcant increment
(ANOVA, P < 0.0001) in the amount of diclofenac sodium permeated across the skin compared to their passive counterparts.
Iontophoresis is reported to signiﬁcantly increase these parameters
for ionic compounds compared to passive transport [10,12]. The
iontophoretic ﬂux at 1.5 V for the gel devoid of enhancer was found

to be 0.277 ± 0.038 mmol cm2 h1, that was comparable to the
reported values of 46.22 mg cm2 h1 (0.145 mmol cm2 h1) when
CVI was performed with aqueous solutions containing 0.5% diclofenac sodium across hairless rat skin at a voltage 0.5 V [45]. However, this difference in the iontophoretic ﬂux is anticipated
considering the different source of the excised skin, higher donor
concentration used and higher voltage applied in our experiments.
Of the four enhancers used, geraniol was found to be most
effective accelerant with an enhancement ratio (ER) of 5.157, followed by l-menthol with an ER of 4.373 compared to the passive
control (Fc). The better efﬁcacy of geraniol and l-menthol can be
explained by the fact that the hydroxyl groups of the alcoholic
terpenes are known to strongly interact and disrupt the hydrogen
bonding between ceramides head group of the lipid bilayer of the
skin [10]. However, geraniol was more effective compared to lmenthol probably due to the fact that being a liquid terpene, it is
less likely to interact with the stratum corneum lipids by hydrogen
bonding.
Spectroscopic evidences in the past have indicated that combination strategy involving iontophoresis and terpenes are able to
induce conformational changes as well as hydrogen bonding in the
lipid-protein domain of the stratum corneum [35]. Moreover,
travelling electron microscopic evidences have revealed that
iontophoresis in conjunction with terpenes rendered the highly
compact stratum corneum into porous network by disrupting the
keratin network [46]. The increased porosity of the stratum corneum would most likely account for the enhanced permeation of
diclofenac sodium under the applied voltage.
Further, increase in the voltage from 1.5 V to 3.0 V signiﬁcantly
increased the amount of diclofenac sodium diffused at 5 h (ANOVA,
P < 0.05), 6 h (ANOVA, P < 0.05) and 8 h (ANOVA, P < 0.001) for F1.
However, the increase in the voltage failed to signiﬁcantly increase
the amount of diclofenac sodium diffused at different time points
for the other gel formulations. The steady state ﬂux, permeability
coefﬁcient, diffusion coefﬁcient and enhancement ratio at the
applied voltage of 3.0 V are portrayed in Table 4. The data generated
from the real-time Franz diffusion studies were found to match
well with those predicted by the high throughput screening procedure thereby proving the validity of the screening procedure
employed.
The target ﬂux of diclofenac sodium computed based on the
standard pharmacokinetic parameters and the reported plasma
level data was found to be ~19 mmol h1. Considering the

Table 3
Iontophoretic steady state ﬂux, permeability coefﬁcient, diffusion coefﬁcient and enhancement ratios of diclofenac hydrogels at 1.5 V.
Steady state ﬂux (mmol cm2 h1)
Fc
F1
F2
F3
F4

0.277
0.526
0.446
0.390
0.338

±
±
±
±
±

0.038***
0.041***
0.064***
0.035***
0.067***

Permeability coefﬁcient  103 (cm h1)
08.797
16.747
14.182
12.400
10.759

±
±
±
±
±

2.475
2.624
4.055
2.241
4.251

Diffusion coefﬁcient  105 (cm2 h1)
03.07
07.25
04.95
04.80
03.35

±
±
±
±
±

0.845
1.140
1.414
0.868
0.132

The data represents mean ± SD (n ¼ 3). ***P < 0.0001, signiﬁcant compared to FC (Passive Control). ANOVA followed by Bonferroni test.

Enhancement ratio (ER)
2.716
5.157
4.373
3.824
3.314
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Table 4
Iontophoretic steady state ﬂux, permeability coefﬁcient, diffusion coefﬁcient and enhancement ratios of diclofenac hydrogels at 3.0 V.
Steady state ﬂux (mmol cm2 h1)
Fc
F1
F2
F3
F4

0.308
0.538
0.491
0.429
0.386

±
±
±
±
±

0.056***
0.029***
0.012***
0.028***
0.073***

Permeability coefﬁcient  103 (cm h1)
19.603
34.205
31.240
27.276
24.541

±
±
±
±
±

3.580
1.853
0.744
1.789
4.617

Diffusion coefﬁcient  105 (cm2 h1)
06.83
14.80
10.90
10.60
07.60

±
±
±
±
±

1.250
0.803
1.506
0.640
0.131

Enhancement ratio (ER)
3.020
5.275
4.814
4.206
3.784

The data represents mean ± SD (n ¼ 3). ***P < 0.0001, signiﬁcant compared to FC (Passive Control). ANOVA followed by Bonferroni test.

iontophoretic ﬂux achieved with the hydrogel F1 at the applied
voltage of 1.5 V (0.526 mmol cm2 h1), a patch measuring
approximately 36 cm2 would be able to sufﬁce the target ﬂux of
diclofenac sodium.
3.3. In vivo pharmacokinetic studies
The plasma concentration versus time proﬁles for the three
groups of rats following application of hydrogels is portrayed in
Fig. 2. CVI alone (Fc) was found to signiﬁcantly increase the plasma
concentrations of diclofenac at 5 h (P < 0.05) and 8 h (P < 0.05)
compared to the passive treatment with F1. Further, application of
CVI to F1 signiﬁcantly increased the plasma diclofenac concentrations at 3 h (P < 0.05), 5 h (P < 0.01) and 8 h (P < 0.001) compared to
the passive counterpart.
CVI alone was found to increase the peak plasma concentration
of diclofenac (Cmax) by ~2.75 folds and AUC0-8 h by ~2.64 folds
when compared to the passive treatment (Table 5). Further, application of CVI to F1 increased the Cmax of diclofenac and AUC0-8 h
by ~3.58 and ~3.61 folds respectively when compared to the corresponding passive treatment (Table 5). The higher values of Cmax
and AUC0-8 h following CVI can be ascribed to improved transdermal permeation under the applied voltage. A 20-fold increase in
the plasma concentrations were noted in the earlier study with
iontophoresis at a current strength of 0.5 mA cm2 following geraniol pretreatment [47]. However, the treatment modality
employed in the present work that was based on co-application of
the enhancer would be advantageous and more practically feasible
as it obviates the pretreatment step. The data obtained conclusively
demonstrates potential of the CVI to enhance the transdermal
permeation and hence the systemic levels of diclofenac sodium.
The higher systemic levels of diclofenac noted in the present study
are likely to enhance the drug concentration in the synovial ﬂuid
which would eventually be the site of action in most musculoskeletal disorders.

Table 5
Pharmacokinetic parameters of diclofenac on transdermal application of hydrogel
formulations (Passive and Iontophoresis at 1.5 V).
Mode of delivery

AUC (mg h/ml)

Cmax (mg/ml)

F1 (Passive)
Fc (Iontophoresis)
F1 (Iontophoresis)

4.002 ± 1.25
10.566 ± 1.16*
14.435 ± 1.92**

0.707 ± 0.17
1.945 ± 0.20*
2.533 ± 0.73*

The data represents mean ± SEM (n ¼ 6). **P < 0.005, *P < 0.05, signiﬁcant compared
to Passive (ANOVA).

3.4. Histology studies
Histology studies were undertaken to demonstrate the safety of
CVI under the applied voltage of 1.5 V. A clearly deﬁned epidermis
of uniform thickness was visible with different layers of cells
adhering to each other in case of the untreated control samples
(Fig. 3A). A spatially well organized dermis was seen with
numerous ﬁbroblasts interspersed among collagen bundles. On
passive treatment with F1, the extraction of the lipid fractions was
noted in the epidermis (Fig. 3B). Further, the epidermis was found
to slightly swell due to the treatment with the drug loaded
hydrogel containing geraniol. However, no apparent sign of skin
irritation was noted on passive treatment F1. The observation
would be justiﬁed by the fact that terpenes are GRAS listed penetration enhancers which are less prone to cause skin irritation [40].
On iontophoresis following application of Fc, the extraction of
the epidermal lipids was accompanied by appearance of distinct
voids (Fig. 3C). The extraction and disruption of the lipids was
clearer with empty spaces seen in the epidermal region on iontophoresis after treatment with F1 (Fig. 3D). The loosening of the cell
structures with increased cell inﬁltration was seen in the dermal
region on iontophoresis. In addition, the epidermis was found to
swell due to hydration which was more obvious on iontophoresis
with F1. The hydration effect of iontophoresis that could be
responsible for enhanced permeation has been documented earlier
[48]. To summarize, no signiﬁcant change in the staining pattern
was observed when biopsy skin samples of the iontophoresis
groups were compared to the control group which demonstrated
no morphological signs of cell injury. The histological evidences
were found to be consistent with the observation of the skin that
was in close proximity of the AgCl cathode where a pale redness of
skin was noted. Studies undertaken earlier have indicated that
penetration enhancers which produce signiﬁcant enhancement are
likely to cause skin irritation [49]. Therefore, it would be logical to
use combination strategy to minimize skin irritation by combining
terpenes and iontophoresis which are known to act by different
mechanisms. The skin irritation can be minimized by optimizing
the applied voltage, duration of application and the concentration
of penetration enhancer.
4. Conclusion

Fig. 2. In vivo pharmacokinetics of diclofenac on transdermal application of hydrogel
formulations (Passive and Iontophoresis at 1.5 V). The data represents mean ± SEM
(n ¼ 6).

The results obtained indicate that CVI can be effectively utilized
to deliver therapeutic amounts of diclofenac sodium transdermally
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Fig. 3. Histology of rat skin following constant voltage iontophoresis (CVI) at 1.5 V. (A) Untreated rat skin. (B) Passive treatment with F1. (C) CVI after treatment with Fc. (D) CVI after
treatment with F1. The different skin layers such as epidermis (epi), dermis (der) and subcutaneous (sub) were clearly visible in all skin samples under 100X.

in combination with geraniol as a chemical penetration enhancer.
The technique used is not device based, easily portable, costeffective, and therefore can be easily deployed in rural areas or in
resource poor clinical settings for management of pain. As the
technique utilizes indigenous button cells and natural penetration
enhancers the patch cost could be drastically reduce the treatment
cost too. The advantage of the CVI would be the ease of preprogramming the drug delivery and tailoring the dose based on the
individual need. The proposed treatment protocol could provide an
ideal solution to address chronic deep-seated muscular pain in
several rheumatic disorders.
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Rajamma, et al.: Polymorphs of Gliclazide
Since the introduction of gliclazide in the pharmaceutical industry, a large number of research groups have been
engaged in various investigations aiming to enhance its biomedical application. But, very limited efforts have
been made to study polymorphism of gliclazide. Therefore, this study focuses on solvent-induced polymorphism
of gliclazide and its characterization by thermal methods. Three polymorphs namely, Form-I, II and III and an
amorphous powder were produced from different solvents and solvent mixtures. Crystals were analyzed using
infrared spectroscopy, differential scanning calorimetry, X-ray powder diffraction and single crystal x-ray diffraction.
Polymorph Form-I is found to exist in centro-symmetric triclinic P-1 space group and has endothermic peak
at 162.93°. Form-II has endothermic peak from 171.2° to 172.35° and exists in centro-symmetric monoclinic
P21/a space group while Form-III has endothermic peak from 168.93° to 169.86° and exists in centro-symmetric
monoclinic P21/n space group. The equilibrium solubility values of Form-I, II, III and the amorphous form were
0.4825±0.025, 0.2341±0.042, 0.2581±0.038 and 0.5213±0.072 mg/ml, respectively. The Form-I has relatively
higher solubility and similar to that of amorphous gliclazide. Form-II and Form-III are relatively most stable and
least soluble. However, there was no remarkable difference in their aqueous solubility under the conditions in which
study was conducted.
Key words: Gliclazide polymorph, single crystal X-ray diffraction, centro-symmetric, monoclinic, triclinic,
equilibrium solubility

Polymorphism has a greater impact on aqueous
solubility [1,2] and bioavailability of a drug.
Polymorphism attains a considerable influence on
biopharmaceutical[3,4] and technological performance[5,6]
of the drug. Polymorphism is extensive in
sulfonylureas as these compounds represent chemical
groups that cast hydrogen bonds and dipolar
interactions, which are often convoluted in the
formation of different polymorphic structures[7,8].
Gliclazide, 1-(3-azabicyclo[3.3.0]oct-3-yl)-3tosylurea; is also noted as 1-(3-azabicyclo[3.3.0]
oct-3-p-tolylsulfonylurea (fig. 1). Since its inception
in the pharmaceutical industry, a large number of
research groups have been intensified in various
quests aiming to enhance its biomedical value [9-11].
But, very confined efforts have been made to reflect
polymorphism of gliclazide. Winters et al., has
conveyed solid state characterization of gliclazide
*Address for correspondence
E-mail: sbsateesh@gmail.com
34

polymorphs [12] , but their study is confined to
powder X-ray diffraction (XRPD), infrared (IR)
spectroscopy and differential scanning calorimetry
(DSC). Single crystal x-ray diffraction is used to
study solid-state properties and crystal structure of
gliclazide, but it was limited to characterization of
only one polymorph[12]. There upon our studies resort
on inspecting the solvent-induced polymorphism
of gliclazide [13] . Solvent-induced crystallization
technique is applied in this study; as a result the
polarity of the recrystallisation solvent and its ability
to form hydrogen bonds has a great impact on the
polymorphism of gliclazide. The isolated crystal forms
were delineated by their melting points, IR spectra,
DSC, XRPD patterns, single crystal x-ray diffraction
and equilibrium solubility.

MATERIALS AND METHODS
Gliclazide BP was graciously provided as a gift
sample by Zhejiang Jiuzhou Pharmaceuticals Co. Ltd.
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X-ray powder diffraction analysis:
The X-ray diffraction patterns are recorded for the
samples with a radiation source of Cu-K alpha
=1.54056 Å using a Bruker AXS advance X-ray
diffractometer fitted with a scintillation counter and
divergent beam monochromator. Data was collected
from a range of 5°-50° at 2θ with a collection time
of one second per step. Intensity ratio (I/I 0, %) is
calculated considering high intense peak as 100%.

Fig. 1: Molecular structure of gliclazide.

All solvents used in the study were double distilled
from an all-glass still.
Preparation of gliclazide polymorphs:
Polymorph-I was obtained from a gliclazide suspension
in ethanol, which is kept for boiling and filtered when
hot. The filtrate was retained in a refrigerator until the
completion of crystallization process. This polymorphic
appearance can also be accessed from binary solvent
systems of water:ethanol (1:5). Polymorph-II was
accessed from a super saturated solution of gliclazide
in methanol at 65° and frost in ice bath for 2 h and
filtered. The crystals accessed were collected and stewed
under vacuum. This polymorph can also be obtained by
crystallization using acetone, and binary solvent system
of methanol:acetone (2:1). This polymorph-III was
obtained from a super saturated solution of gliclazide
in chloroform at 40°. The solution is frosted in an ice
bath for 2 h and filtered. The crystals obtained were
collected and dried under vacuum. Crystallization in
ethyl acetate or dichloromethane or binary solvent
system of chloroform:dichloromethane (4:1) also
produces this polymorphic appearance. The received
commercial sample of gliclazide (raw material) is found
to be in the amorphous form.
DSC analysis:
The thermal curves are recorded on a DSC on a
Dupont DSC model in an open pan system under
static conditions. The analyzer is equipped with a data
acquiring station with attaining a capability to obtain
the first derivative of DSC. Alumina was used as an
inert reference. Each sample is sealed in an aluminum
pan and the thermal readings were observed at a rate
of 10°/min from room temperature to 225º.
January - February 2015

FTIR spectroscopy:
The IR spectra are being recorded on Bruker Optics,
Tensor 27. Samples were scanned over 400–4000 cm-1
with a resolution of 4 cm -1. Samples were neither
grinded nor compressed to prevent stress-induced
polymorphic changes in the samples.
Single crystal X-ray diffraction:
The single crystal X-ray diffraction patterns for
the samples were recorded with a monochromatic
radiation source of Mo-K alpha=0.71073 Å using a
Bruker AXS diffractometer equipped with Oxford
cryo system 700 Plus X-ray diffraction/crystallography
system.
Microscopic visual analysis:
Microscopic visual analysis of the polymorphs
was performed using Leica DM 1000 binocular
microscope. The magnification at 100X was used to
study the crystal habit of the polymorphs.
Solubility measurement:
Higuchi-Connors method (1965) was followed to
determine the solubility of each polymorphic form[14].
An excess amount of each form (100 mg) was added
to 25 ml of deionized water in a 100 ml flask with a
glass stopper. The flasks were placed on a mechanical
shaker and maintained at 37° in thermostatic water
bath for 72 h. An aliquot (3 ml) of each solution was
withdrawn and filtered through a dialysis membrane
0.45 µ Millipore filter. The amount dissolved was
determined by reading the absorbance at 228 nm
using a UV/Vis spectrophotometer (Mode l UV-240,
Shimadzu, Japan) and using suitably constructed
calibration curve.

RESULTS AND DISCUSSION
DSC is an extremely important analytical tool
for measuring the wide variety of transitions in
pharmaceutical materials [15]. DSC data can derive
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useful information in identifying the polymorphs.
The DSC scans of all the crystals and raw material
are shown in figs. 2 and 3. The DSC endothermic
details of gliclazide crystals are presented in Table 1.
The DSC curve of the gliclazide crystal prepared
from ethanol shows a sharp endothermic peak at
162.93° with an insignificant peak at 124.80°. This
form is designated here as the polymorph-I. The
DSC curve of the polymorph-II, which is obtained by
crystallization from methanol, exhibits a single sharp
endotherm at 171.20°. This polymorph can also be
obtained from acetone, it shows melting endothermic
peak at 172.35°.
Gliclazide sample crystallized in dichloromethane,
ethyl acetate and chloroform is designated here
as the polymorph-III. This form has melting
endotherm between 168.93° to 169.86° depending
upon the solvent system used. The DSC scans of
the commercial sample (untreated gliclazide) shows
(fig. 3) an endothermic peak at 171.56°. The peak
is short and not sharp like other crystalline forms
indicating its amorphous nature[16].
Main XRPD peak angles and intensity ratio (I/I0) of
all the gliclazide crystals are presented in Table 2.
The diffractograms of the entire crystalline forms

exhibit a series of intense lines except the commercial
form. The number of diffractions and intensity of
peaks exhibited by the polymorph-III are more
than the diffractions of the polymorph-I and II. The
polymorph-II shows more diffractions than those of
the polymorph-I. Further, the diffractions are different
with respect to their position and intensity. Based
on the number and intensity of diffractions, it is
confirmed that the sample obtained from methanol
(polymorph-II) and chloroform (polymorph-III) is
more crystalline than the sample obtained from
ethanol (polymorph-I). The spectral lines observed for
the commercial form are less intense and relatively
broad which further indicates that the sample is
amorphous in nature [17,18] . The X-ray diffraction
patterns of all polymorphs are shown in fig. 4.
TABLE 1: DSC ENDOTHERMIC DETAILS OF
GLICLAZIDE CRYSTALS PREPARED UNDER
VARIOUS CONDITIONS
Solvent system and
temperature conditions
Ethyl acetate, 4°
Acetone, 4°
Chloroform, 4°
DCM, 10°
Ethanol, 4°
Methanol, 4°
Commercial sample

Integral Normalized Onset Peak Endset
(mJ)
(J/g)
(°)
(°)
(°)
−468.41 −143.24 165.62 168.93 172.88
−117.34
−38.6
167.08 172.35 175.82
−413.04 −134.98 165.39 169.85 173.11
−452.57 −136.73 166.19 169.61 173.57
−352.12 −107.66 158.28 162.93 166.18
−449.74 −145.08 168.92 171.2 173.6
‑
‑
168.08 163.43
‑

a

a
b

c
b

d
Fig. 2: DSC curves of gliclazide crystals.
(a) Crystal prepared from ethanol, (b) crystal prepared from
methanol, (c) crystal prepared from ethyl acetate, (d) crystal prepared
from dichloromethane.
36

c
Fig. 3: DSC curves of gliclazide crystals.
(a) Crystal prepared from chloroform, (b) crystal prepared from
acetone, and (c) amorphous form of gliclazide.
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TABLE 2: XRPD PEAK ANGLES D (A°) AND INTENSITY RATIOS (I/I0) OF GLICLAZIDE POLYMORPHS AND
AMORPHOUS FORM
Angle θ
10.5
15
16.8
17.1
17.9
18.1
18.2
20
20.8
21.88
22
22.1
25.3
26.3
26.9
27.5
29.5
46.1

Polymorph‑I
d‑spacing
I/I0 (%)
8.418
13.850
5.902
8.123
‑
5.183
100
‑
‑
‑
‑
4.872
23.477
4.267
37.298
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑
‑

Polymorph‑II
d‑spacing
I/I0 (%)
8.418
18.164
5.902
19.045
‑
‑
‑
‑
‑
‑
4.901
89.148
‑
4.437
17.966
‑
‑
‑
‑
‑
‑
4.020
100
‑
‑
‑
‑
‑
‑
‑
‑
3.025
72.306
1.967
26.539

The IR spectra of the three crystal forms are
presented in fig. 5. An IR spectrum reveals the
existence of gliclazide in three polymorphic forms.
Significant differences exist between polymorph-I, II
and III. An additional peak at 3266 cm-1 is observed
with the polymorph-II, which is lacking in the
polymorph-I. Many peaks, which are distinct with
the polymorph-II and polymorph-III (3107, 1705,
2440, 2909, 1432) are only rudimentary with the
polymorph-I. This informs polymorph-I is different
from other two crystals. However, no differences were
observed between polymorph-II and polymorph-III in
the number and position of peaks.
Single crystal x-ray diffraction study can provide
unambiguous atomic positions and complete crystal
information. This study infers three-dimensional
structure of all the crystals including crystal cell
volume, space group, bond lengths and bond angles
which helps in refining crystallographic structure[19].
Crystallographic data and structure refinement
parameters of gliclazide polymorph-I, II and III are
shown Table 3.
Based on the results obtained from single crystal
x-ray diffraction studies, the polymorph-II and
III is found to form a rectangular prism with a
parallelogram as its base. Hence, centro-symmetric
monoclinic space group is suggested as a probable
space group for the polymorph-II and III [20,21] .
January - February 2015

Polymorph‑III
d‑spacing
I/I0 (%)
8.418
41.687
5.903
58.206
‑
‑
‑
‑
‑
‑
4.901
25.595
‑
‑
‑
‑
4.267
100
4.037
43.444
‑
‑
‑
‑
3.518
74.725
‑
‑
‑
‑
3.242
26.254
‑
‑
‑
‑

Amorphous form
d‑spacing
I/I0 (%)
8.418
100
5.902
44.07
5.276
82.459
5.183
88.751
4.953
74.75
‑
‑
4.872
96.928
‑
‑
4.267
78.52
‑
‑
4.037
39.039
‑
‑
3.518
16.9
3.385
34.671
3.313
28.509
‑
‑
‑
‑
‑
‑

TABLE 3: CRYSTALLOGRAPHIC DATA AND
STRUCTURE REFINEMENT PARAMETERS OF
GLICLAZIDE POLYMORPH‑I, II AND III
Identification
code
Space group
a (A°)
b (A°)
c (A°)
α (°)
β (°)
γ (°)
Volume (A3)
Index ranges
‑
‑
Crystal system

I
P‑1
10.517
23.205
10.41
89.96
118.55
91.39
2230.49
−1≤h≤4
−4≤k≤5
0≤l≤3
Triclinic

Polymorphic Form
II
P21/a
10.839
14.248
10.666
90
105.23
90
1589.619
−3≤h≤2
0≤k≤3
0≤l≤2
Monoclinic

III
P21/n
18.215
4.4354
9.869
90
112.68
90
735.796
−9≤h≤2
0≤k≤1
0≤l≤5
Monoclinic

According to Kitaigorodsky for molecules with
center of symmetry, the possible space groups are
Pī, P21C, C2/c and Pbca for a 2-fold axis[22]. Also,
in both the polymorphs the two pairs of vectors are
perpendicular, while the third pair makes an angle
other than 90° (α = γ=90°, β≠90°) and the crystal is
described by vectors of unequal length (a≠b≠c). Based
on these features centro-symmetric monoclinic space
group P21/a, P21/n are suggested for polymorph-II
and polymorph-III, respectively[23]. The settings P21/a,
P21/n, are just different settings of the most common
space group; P2 1/c (space group no.14) and these
are indeed (with couple of exceptions) very common
space groups. P21/a indicates a primitive monoclinic
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a
a

b
b

c

c

d

d
Fig. 4: X-ray diffraction patterns of gliclazide crystals.
(a) Amorphous form, (b) polymorph-I, (c) polymorph-II, and (d)
polymorph- III.

a

c

the orthorhombic system. In addition, all three
vectors are not mutually orthogonal (α=89.96°,
β=118.55°, γ=91.39°)[25]. Therefore, centro-symmetric
triclinic P-1 space group is proposed for this crystal.
The commercial sample of gliclazide exhibit weak
scattering to a single crystal X-ray diffraction, which
clearly confirms its amorphous nature.

b

d

Fig. 6: Photomicrographs of gliclazide crystals.
Magnification is 100 X. (a) Amorphous form, (b) polymorph-I,
(c) polymorph-II, and (d) polymorph- III.

unit cell with a twofold screw axis along b, and a
glide plane to this with a transition of a/2[24].
Polymorph-I is described by vectors of unequal
length (a≠b≠c) and angle (a≠b≠g), as in
38

Fig. 5: FTIR spectra of gliclazide crystals.
(a) Amorphous form, (b) polymorph-I, (c) polymorph-II, and (d)
polymorph-III.

The equilibrium solubility values of the three
crystalline polymorphs, I, II, III, and an amorphous
form were 0.4825±0.025, 0.2341±0.042, 0.2581±0.038
and 0.5213±0.072 mg/ml, respectively. According to
ideal solution theory, the solubility of a drug is related
to two important thermodynamic parameters i.e. heat
of fusion and melting point[26]. High melting and hard
crystalline materials with large enthalpies of fusion are
less soluble than low melting compounds[27]. Because,
compounds with strong crystal lattices (high melting
points) will readily crystallize in solvent hence the
solubility benefit will be low[28]. Compounds with
weak crystal lattices (low melting points) are less
prone to crystallize and therefore amount in solution
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will remain high [29,30]. Microscopic visual analysis
infers needle shape (fig. 6) for polymorph-II and
III, which is the most crystalline state. These forms
showed greater heat of fusion, which is clearly evident
from DSC results. Therefore they are more stable and
less soluble. polymorph-I, the most energetic exhibits
a less crystalline (fig. 6) and lower heat of fusion and
therefore has relatively higher solubility and is close
to the amorphous gliclazide[31-33].
In conclusion, the three polymorphic forms of
gliclazide were elucidated by solvent-changing
method. All known polymorphs are least soluble but
sufficiently stable. Polymorph-I was found to exist in
centro-symmetric triclinic P-1 space group. This form
has relatively higher solubility and similar to that of
amorphous gliclazide. Polymorph-II and III exist as
centro-symmetric monoclinic space group P21/a, P21/n
and they are relatively more stable and less soluble.
However there was no remarkable difference in their
aqueous solubility under the conditions in which study
was undertaken.
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Abstract

Keywords

Gemcitabine-loaded solid lipid nanoparticles (SLNs) were produced by double emulsification
technique using stearic acid as lipid, soy lecithin as surfactant and sodium taurocholate
as cosurfactant. Prepared nanoparticles are characterized for particle size and surface
morphology using scanning electron microscopy (SEM). Particle yield, entrapment efficiency
and zeta potential were also determined. In-vitro release studies were performed in
phosphate-buffered saline (PBS) pH 7.4 using metabolic shaker. The formulation F6 with
maximum entrapment efficiency 72.42% and satisfactory in-vitro release was selected. In-vivo
tissue distribution to liver, spleen, lung, heart and kidneys of optimized formulation followed
by stability study under specific conditions were also determined. This investigation has
shown preferential drug targeting to liver followed by spleen, lungs, kidneys and heart.
Stability studies showed no significant change in the particle size followed with very slight
decrease in entrapment efficiency at 25  2  C/60  5% RH over a period of three months.

Entrapment efficiency, gemcitabine, in-vivo
tissue distribution, solid lipid nanoparticles,
stearic acid

Introduction
Among various novel colloidal carriers present today, solid
lipid nanoparticles (SLNs) have versatile potential for safe
and nontoxic formulation of cytotoxic drugs, and achieves
site-specific drug release. SLNs are made from solid lipids,
which combines the advantages of other innovative carrier
systems while at the same time minimizes the associated
problems. These possible benefits include physical stability,
protection of incorporated labile drugs from degradation,
controlled release and excellent tolerability (Wissing et al.,
2004). SLNs are particulate systems for parenteral drug
administration with mean particle diameters ranging from 50
to 1000 nm and they are composed of wide variety of lipids
including lipid acids, mono-, di-, or triglycerides, glyceride
mixtures or waxes, and stabilized by the biocompatible
surfactant(s) of choice (non-ionic or ionic). At room temperature, the particles are in the solid state, therefore the
mobility of incorporated drugs is reduced, which is prerequisite for controlled drug release. They have potential to
incorporate lipophilic or hydrophilic drugs or diagnostics
(Muhlen et al., 1998; Utreja & Jain, 2002; Reddy et al., 2007).
Intravenous studies show that liver is the major organ depot
for nanoparticles followed by spleen for particles in the size
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range of 200–300 nm (Garnett & Kallinteri, 2006; De Jong
et al., 2008; Sarlo et al., 2009).
Gemcitabine is a nucleoside analog used as a form of
chemotherapy for non-small cell lung, pancreatic, bladder
and breast cancer. It is being investigated for use in
esophageal cancer and is used experimentally in lymphomas
and various other tumor types. Gemcitabine represents an
advance in pancreatic cancer care. The major limitation of
gemcitabine is short half life and strong side effects when
administered intravenously (Li et al., 2009; Jia et al., 2010).
Short half lives are commonly due to fast renal clearance,
decreased protein binding and enzymatic degradation (Werle
& Bemkop Schnurch, 2006). Inherent drawbacks of parenteral
gemcitabine administration warrant an alternative drug
delivery system. SLNs offer great promise to improve
therapeutic effectiveness and safety profile of the conventional form of cancer chemotherapy. Hence in the present
work an attempt is being made to provide an alternative
colloidal drug delivery system for gemcitabine in the form of
SLNs.

Materials
Gemcitabine hydrochloride was purchased from Aarti industries limited (Mumbai, India). Stearic acid (biochemistry
grade) and sodium taurocholate were purchased from Loba
Chemie Pvt, Ltd. (Mumbai, India). Soy lecithin was
purchased from Sigma Aldrich Chemicals Pvt. Ltd
(Bangalore, India). All other chemicals used were of analytical reagent grade.
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Methods
Preparation of gemcitabine-loaded SLNs
SLNs were prepared from a warm w/o/w emulsion containing
stearic acid as lipid, soy lecithin as surfactant and sodium
taurocholate as co-surfactant. Warm w/o/w multiple emulsion
can be prepared in two steps. Firstly, w/o emulsion is prepared
by adding an aqueous solution containing drug, to a mixture
of melted lipid, surfactant and co-surfactant with mechanical
stirring using a propeller stirrer (RQ 121 D, Remi Equipments
Ltd., Mumbai, India) at 80  C for 10–15 min to obtain a
colloidal system. In the second step, the formed w/o emulsion
is added to a mixture of water, surfactant and co-surfactant to
obtain a colloidal w/o/w system. SLNs can be obtained by
dispersing the warm multiple emulsion in cold aqueous
medium in a fixed ratio, under mechanical stirring with
propeller stirrer (RQ 121 D, Remi Equipments Ltd.). Factors
such as rate of addition, distance of needle from the surface
of liquid and rate of stirring were standardized to reduce
particle size. In order to obtain optimum nanoemulsion, the
needle was placed 4 cm from the surface of the water and
mixture stirred at 3000 rpm. After the complete addition of
multiple emulsion, the SLN dispersion was further stirred
for 3 h. After stirring, the SLN dispersion was subjected
to ultra sonication for a period of 10 min (Sarmento et al.,
2007; Doijad et al., 2008; Gallarate et al., 2009; Jelvehgari
et al., 2010).
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(0.133 Pa) for 5 min using an ion sputtering device (JFC1100E, JEOL, Tokyo, Japan). Then the gold-coated SLN are
observed under SEM and photographs were taken. Each
sample was measured in triplicate.
Drug entrapment efficiency
The percentage of incorporated gemcitabine (loading efficiency) was determined with a UV-Visible spectrophotometer
(UV-1201 Shimadzu, Japan) at 268 nm. The drug loaded in
SLNs was calculated with the total amount of drug subtracting with that of free drug. The drug entrapment efficiency
(EE%) and the drug loading (DL%) was determined in
triplicate, calculated by the following equation,
Entrapment efficiency ðEE%Þ ¼ Wlp =Wtotal100%
Drug loading ðDL%Þ ¼ Wlp =Wlipid100%
Where Wlp ¼ amount of drug loaded in lipid nanoparticles,
Wtotal ¼ total amount of gemcitabine, Wlipid ¼ weight of lipid
in SLNs.
Zeta potential
Zeta potential was measured using a zeta potentiometer
(Malvern Nano ZS90, Malvern, UK). To determine zeta
potential, SLN samples were diluted with double distilled
water and placed in the electrophoretic cell in a cuvette. Each
sample was analyzed in triplicate (Luo et al., 2006).

Freeze-drying of nanoparticles
In-vitro drug release studies

Usually, nanoparticles may subject to a series of stability
problems such as aggregation, fusion and leakage of
the encapsulated drug into the storage medium. One of the
approaches to resolve this problem is to freeze dry the
nanoparticles. The prepared nanoparticle formulations were
freeze-dried using Heto freeze drier (UK) at 40  C for 24 h.
The temperature and vacuum conditions were optimized to
recover completely dried SLNs. The vacuum was maintained
at 0.06 mB. The obtained freeze-dried SLNs were stored at
4  C (Cavalli et al., 1997; Konan et al., 2002; Abdelwahed
et al., 2006).

SLNs equivalent to 10 mg of gemcitabine were weighed and
transferred into a conical flask containing 50 ml of PBS pH 7.4.
Then the flask was kept in a metabolic shaker and the shaker
was adjusted to 50 horizontal shakes per minute at 37  0.5  C.
One milliliter aliquot of release medium was withdrawn at time
intervals of 1, 2, 3, 4, 6, 8, 10, 12 and 24 h and replaced by the
same volume of PBS. These samples were filtered through
0.45 mm membrane filter. The filtrate was diluted suitably
and estimated by UV-Visible spectrophotometer (UV-1201
Shimadzu, Japan) at 268 nm (Doijad et al., 2008).

Evaluation of gemcitabine loaded SLNs

In-vivo drug targeting studies

Percentage yield

This study was carried out after obtaining the due permission
for conduction of experiments from relevant ethics committee
(KLEU College of Pharmacy, Belgaum) which is registered
for ‘‘Teaching and Research on Animals’’ by committee for
the purpose of control and supervision of experiments on
animal, Chennai (Registration number 221/CPCSEA).
This study was carried out to compare the targeting
efficiency of gemcitabine-loaded SLNs with that of free drug
in terms of percentage increase in targeting various organs of
reticuloendothelial system (RES) like pancreas, liver, lungs,
spleen and kidneys. Experiments were performed on Wistar
rats of 200–250 g weight. All the experiments were carried
out in accordance with the protocols approved by the
institutional animal ethics committee (KLEU College,
Belgaum, India).
Nine healthy adult rats weighing 200–250 g were selected,
a constant day and night cycle was maintained and they were

Percentage practical yield is calculated to know about percent
yield or efficiency of any method, thus it helps in selection of
appropriate method of production. Practical yield was
calculated as the weight of dried SLNs recovered from each
batch in relation to the sum of the starting material.
Particle size and surface morphology
Particle size analysis was done by scanning electron microscopy (SEM) (JEOL JSM-T330A, Tokyo, Japan). It has been
used to determine particle size and surface morphology of
nanoparticles. Approximately 2 mg of SLN was dispersed in
de-ionized water. A few drops of this suspension were placed
on a metal stub and allowed to air dry to form a thin uniform
layer of particles on the metal stub. The stub was then coated
with gold–palladium alloy (200 nm) under reduced pressure
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fasted for 12 h. The animals were divided into three groups,
each containing three rats. Group I received SLNs equivalent
to 673.8 mg of gemcitabine intravenously in the tail vein
after re-dispersing them in sterile PBS solution (Sacchi
et al., 2006). SLNs from F6 batch were selected for the study.
Group II rats received 673.8 mg of pure gemcitabine intravenously. Group III rats were treated as solvent control and
were injected intravenously with sterile PBS solution.
After 24 h, the rats were sacrificed and their pancreas,
liver, lungs, spleen and kidneys were isolated. The individual
organs of each rat were homogenized separately by using a
tissue homogenizer (Remi Motors Ltd, Mumbai, India) and
the homogenate was centrifuged at 15000 rpm for 30 min.
The supernatant was collected and filtered through 0.45 mm
filter (Millipore Molsheim, France) and analyzed after
dilution with PBS as per the previously reported high
performance liquid chromatography (HPLC) method (Hirn
et al., 2011).
Stability studies
The optimized formulation of gemcitabine-loaded SLNs was
tested for their stability. Freshly prepared freeze-dried three
samples of optimized SLNs are sealed in vials and were
placed in a stability chamber maintained at 25  2  C/60  5%
RH. With a sampling frequency of one month, sealed SLNs in
stability chamber were analyzed over three months for
particle size and entrapment efficiency (The European
Agency for the Evaluation of Medicinal Products, 2003).
Statistical analysis
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The amount of drug bound per 10 mg of dried lipid
nanoparticles was determined. Table 1 shows the results of
the drug entrapment efficiency and zeta potential in each of
these formulations. The maximum entrapment efficiency was
found to be 72.42  1.13% in F6 and minimum entrapment
efficiency was found to be 52.86  0.90% in F1. Therefore,
the formulation having the highest encapsulation parameters
was selected for in-vivo tissue distribution and stability study.
The stability of the formulation was evaluated by measuring
the zeta potential of the particles by zeta potentiometer.
Zeta potential of all formulated nanoparticles was in the range
of 17.4  0.85 to 21.9  0.41 mV. The results are shown
in Table 1.
All the six formulations of gemcitabine-loaded SLNs were
subjected to in-vitro release studies. These studies were
carried out using metabolic shaker in pH 7.4 PBS. The
cumulative percent drug release of formulations from F1 to
F6 after 24 h was 93.53%, 86.09%, 84.08%, 82.19%, 78.48%
and 71.95%, respectively. The release data obtained for
formulations F1, F2, F3, F4, F5 and F6 are showed in
Figure 2. Formulation F6 with highest entrapment efficiency
and satisfactory in-vitro release was selected for in-vivo drug
targeting studies. The amount of drug targeted from SLNs
and free drug in various organs is presented in Table 2.
The average targeting efficiency of drug-loaded SLN was
found to be 23.23  0.36% of the injected dose in liver,
12.62  0.44% in spleen, 9.68  0.12% in lungs, 3.58  0.20%
in kidneys and 7.14  0.26% in heart, whereas accumulation
of pure drug was 12.01  0.27% in liver, 8.01  0.14% in
spleen, 6.31  0.42% in lungs, 2.36  0.32% in kidneys and

Significance of differences was evaluated using the Student’s
t-test at the probability level of 0.05. All the values are
reported as mean  standard error of mean (SEM) of three
determinations.

Table 1. Drug entrapment efficiency and zeta potential of gemcitabineloaded SLNs.

Results

F1
F2
F3
F4
F5
F6

The drug–lipid interactions are assessed by running Fourier
transform infrared spectroscopy (FTIR) and differential
scanning calorimetry (DSC) for the pure gemcitabine, stearic
acid, and for the physical mixture of gemcitabine and stearic
acid, and for gemcitabine nanoparticles. All the characteristic
FTIR peaks of drug and stearic acid were present in the
combination spectra indicating compatibility of the drug with
the polymer used. DSC thermogram of pure drug showed a
sharp melting peak at 266.5  C, whereas stearic acid exhibited
melting peak at 56.4  C. No significant change in the position
of endothermic peaks was observed between physical mixture
drug and stearic acid. Percentage yield of formulations F1 to
F6 by varying drug to lipid ratio was determined and is
presented in Table 1. During the study, other formulation
variables such as amount of surfactant, volume of continuous
phase and the processing variables such as stirring speed and
stirring time were maintained constant. Particle size and
surface morphology of all the formulations were determined
under SEM (JEOL JSM-T330A). Average particle size of
gemcitabine-loaded SLNs of formulations F1 to F6 was found
to be 127, 145, 173, 199, 238 and 263 nm, respectively.
Scanning electron photomicrograph of formulation F6 is
shown in Figure 1.

Formulations

Percentage
yield

% Drug entrapment
efficiency

Zeta potential
(mV)

56.83
60.52
64.02
69.51
72.63
79.58

52.86  0.90
56.98  1.42
59.16  1.29
62.31  0.87
65.42  1.13
72.42  1.13

17.4  0.85
16.3  1.30
14.7  1.14
12.9  0.41
15.7  0.54
11.4  1.50

Each value represents mean  SEM for n ¼ 3.

Figure 1. Scanning electron photomicrograph of formulation F6.
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5.77  0.19% in heart of the injected dose. Results of stability
study of the selected formulation F6 for two parameters
namely particle size and entrapment efficiency is shown in
Table 3.

Discussion
The aim of this study was to prepare gemcitabine-loaded
SLNs and to investigate their physical characteristics and
tissue distribution efficiency. From the results of FTIR and
DSC, physical incompatibility between the components was
discarded. The particle size analysis shows that increase in
concentration of lipid resulted in the increase of particle size.
SEM study revealed that the particles were of spherical shape
with smooth and nonporous surface. The increase of particle
size was followed by increase in drug pay load and
entrapment efficiency of gemcitabine in lipid nanoparticles.
This may be due to the increased lipid concentration in the
lipid formulation. Negative charge of zeta potential values

Figure 2. In-vitro release profile for different formulations of gemcitabine-loaded SLNs formulations F1 to F6.

indicates that they are moderately stable, which may be
attributed by the presence of surfactant soy lecithin.
The in-vitro release data show cumulative percent drug
released as a function of time for different formulations of
gemcitabine-loaded SLNs in Figure 2. The in-vitro release of
all the six batches of SLNs showed an interesting bi-phasic
release with an initial burst effect. In the first hour, drug
released was 12.76%, 14.72%, 17.8%, 19.42%, 20.79% and
21.18% for F1, F2, F3, F4, F5 and F6, respectively.
Afterwards, the drug release followed a steady pattern. The
burst release in the first hour can be attributed to the drug
loaded on the surface of SLNs. The same pattern of release is
reported for curcumin (Tsai et al., 2011). The values of invitro release were attempted to fit into various mathematical
models like zero order, first order, Higuchi matrix, Peppas
and Hixson Crowell. Models with the highest correlation
coefficient were judged to be the most appropriate model for
the dissolution data. For formulations F2, F3 and F5 the best
fitting linear parameter was that of Higuchi matrix with the
‘n’ value of 0.4269, 0.4348 and 0.4521, respectively. This
indicates that the drug release is controlled by diffusion of the
drug through the pores. On the other hand, formulations F1,
F4 and F6 best fitted into the Peppas model with the ‘n’ value
of 0.5645, 0.5720 and 0.593, respectively.
Therefore, the formulation with high encapsulation efficiency and satisfactory in-vitro release was selected for
further studies. The results of in-vivo tissue distribution
revealed that higher concentration of drug was targeted to the
RES organs after administering the dose in the form of SLNs
when compared with pure drug. The average targeting
efficiency of gemicitabine-loaded SLNs was significantly
(p50.05) higher compared with the pure drug. The selected
F6 formulation with mean particle size of 263 nm showed
preferential drug targeting to liver followed by spleen, lungs,
heart and kidneys. This is attributed by the higher
phagocytotic rates for the uptake of nanoparticles in liver
and spleen, than cells of other tissues. A similar phenomenon
was observed in the selective targeting of albumin nanospheres (Li et al., 2009). The results of stability testing
revealed that there was no significant change in the mean

Table 2. In-vivo targeting studies of gemcitabine-loaded SLNs for formulation F6.
Pure gemcitabine

Gemcitabine loaded SLNs

Organs

Group I
% Drug content

Group II
% Drug content

Group III
% Drug content

Mean% drug
content

Group I
% Drug content

Group II
% Drug content

Group III
% Drug content

Mean% drug
content

Liver
Spleen
Lungs
Kidneys
Heart

14.64  0.22
7.87  0.10
6.19  0.36
3.65  0.10
6.43  0.14

16.96  0.28
9.12  0.14
5.64  0.41
4.44  0.56
5.32  0.18

16.45  0.32
7.04  0.19
7.12  0.48
5.01  0.31
5.57  0.25

12.01  0.27
8.01  0.14
6.31  0.42
2.36  0.32
5.77  0.19

22.31  0.31
12.83  0.51
9.10  0.05
4.32  0.12
7.54  0.23

23.42  0.41
11.69  0.42
8.20  0.17
2.92  0.33
6.73  0.25

23.98  0.35
13.41  0.40
11.76  0.15
3.52  0.15
7.15  0.30

23.23  0.36
12.62  0.44
9.68  0.12
3.58  0.20
7.14  0.26

Each value represents mean  SD for (n ¼ 3).
Table 3. Stability study of freeze-dried formulation F6 for particle size and entrapment efficiency assessment over three months.
Test period

Stability parameters
Particle size
Entrapment efficiency (EE%)

0 month

1 month

2 months

3 months

263 nm
72.42  1.13%

269 nm
71.95  0.95%

273 nm
71.02  0.73%

278 nm
69.99  1.17%

Each value represents mean  SEM for (n ¼ 3).
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particle size and there was a very slight decrease in the
entrapment efficiency (%) which may be due to the expulsion
of drug from lipid matrix during storage.

Conclusion
Gemcitabine-loaded SLNs prepared by double emulsification
technique showed controlled drug release when compared to
free drug. In-vivo tissue distribution study of the optimized
solid lipid formulation showed increase in cellular uptake by
various organs over free drug. The poor entrapment efficiency
may nevertheless be pointed as a major drawback in SLN
formulation. Therefore, these lipid nanoparticles can be used
as colloidal carrier for improving cellular uptake of drug
molecules and controlled release.
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ABSTRACT

Source of support: Nil

Background and objectives: Vaginal delivery has an enormous
amount of pressure on the perineum, the area between vagina
and anus, which must stretch to accommodate the baby’s head
during its passage through the birth canal. During childbirth, the
perineum may tear or the obstetrician may decide to incise to
make wider opening for baby’s head to pass, a procedure called
as episiotomy. The area of episiotomy may be uncomfortable
and painful for several days. The present study aimed to
evaluate the effect of therapeutic ultrasound and low-level laser
therapy (LLLT) on perineal pain following vaginal delivery with
episiotomy.
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Materials and methods: Sixty women, who underwent
vaginal delivery with episiotomy, complaining of perineal
pain were recruited and randomly allocated to two treatment
groups. Physiotherapy intervention included cryo gel pad and
therapeutic ultrasound in group A and cryo gel pad and lowlevel laser therapy in group B once daily for 3 consecutive days.
Outcomes: Measures were documented using visual analog
scale (VAS) for pain and REEDA scale (redness, edema,
ecchymosis, discharge, approximation) for healing on 1st day
preintervention and 3rd day postintervention respectively.
Results: The study results showed that there was statistically
significant improvement postintervention in both the groups
with p < 0.05, although therapeutic ultrasound with cryo gel pad
showed better reduction in pain score and healing process as
compared to low-level laser therapy.
Conclusion: Therapeutic ultrasound with cryo gel pad can be
used to reduce perineal pain following vaginal delivery with
episiotomy.
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Therapeutic ultrasound.
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INTRODUCTION
Episiotomy is also called as perineotomy, which is one
of the most common procedure performed on women.1
It is surgically planned incision on perineum and the
posterior vaginal wall during second stage of labor.2
The worldwide episiotomy rate is about 27, and 54% are
nulliparous and 6% are multiparous women.3 Episiotomy
was first described by Sir Fielding Ould in his Treatise
of Midwifery in 1742, when perineal incision was
used to facilitate deliveries.4 Traditionally, episiotomy
was believed to prevent perineal damage, urinary
incontinence, anal incontinence, pelvic floor relaxation
and protect the newborn from intracranial hemorrhage
and intrapartum asphyxia.5
In normal vaginal delivery, women suffer from
perineal trauma which is a significant problem that
causes pain and discomfort during the postpartum
period. Perineal loss of integrity may cause postpartum
discomfort and may negatively influence psychological
and physical function, especially pain.6 Episiotomies
provoke a greater loss of blood and increase the incidence
of dyspareunia and perineal pain after birth.7,8 Pain causes
stress and hampers the women’s ability in infant care.9,10
The majority of women who deliver vaginally experience
some degree of pain following delivery usually related
to the type and extent of the trauma.11 Perineal pain
interferes in daily activities of post episiotomy mothers
and as well as early bonding of mother and baby. One of
the greatest challenges of the physiotherapist is to provide
comfort to such clients.
Various intervention are found to reduce episiotomy
pain and enhance healing process, which include
administration of analgesics, cleanliness, applying
ice pack, topical application by dry heat (infra red
therapy), sitz bath, Kegel’s exercise and perineal care.12
Therapeutic ultrasound and low-level laser therapy are
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also used to treat perineal pain following episiotomy with
low evidence.13,14 Two controlled trials of therapeutic
ultrasound for perineal trauma were reported by Mc
Learn in 1984, Creates in 1987 and they suggested that
reduction in pain is associated with active treatment.
Also, studies are done to evaluate the individual effect of
cryo gel pads, therapeutic ultrasound and low-level laser
therapy (LLLT) to reduce perineal pain and discomfort,
but no studies have compared the effectiveness of
therapeutic ultrasound and low-level laser therapy on
perineal pain after episiotomy.
Hence, the present study was designed to evaluate
the effectiveness of therapeutic ultrasound and low-level
laser therapy for perineal pain following vaginal delivery
with episiotomy.

MATERIALS AND METHODS
Subjects and Study Design
Sixty participants from maternity wards of tertiary care
centre with complaint of perineal pain following vaginal
delivery with episiotomy were recruited by probability
sampling design (simple random sampling with lottery
method). They were randomly allocated to two groups,
i.e. group A and group B using the envelope method.
Inclusion criteria were: (1) age group 18 to 35 years,
(2) women who complains of pain after 12 hours of normal
vaginal delivery with episiotomy, (3) primiparous women
and multiparous women, (4) participants who are willing
to participate in the study. Exclusion criteria were: (1)
postpartum hemorrhage, (2) psychiatric problems. (3)
women with diabetes and pre-eclampsia and (4) febrile
conditions.

Procedure
All participants were screened for their inclusion and
exclusion criteria before their recruitment in the study. A
written informed consent was obtained from the study
participants. Participants were allocated to two groups:
group A and group B using envelop method. Baseline
data were collected using VAS and REEDA (redness,
edema, ecchymosis, discharge, and approximation) scale
prior to the intervention.

was 5 minutes a day for 3 days in lithotomy position
using ultrasonic gel with indirect contact method
using water filled glove.
• Group B: Cryo gel pad and low-level laser therapy:
This regime consisted of application of cryo gel pad
to perineal area for 10 minute and followed by lowlevel laser therapy with wavelength of 660 nm, energy
density of 3.8 J/cm2 and radiant power 15 mW for
30 seconds at perineal area once a day for 3 days in
lithotomy position.

Outcome Measures
The outcome measures for pain was visual analog scale
(VAS) and healing process was measured by REEDA
scale.15
The REEDA scale consists of five major assessments
area. Each assessment area will be given a minimum
score of 0 and maximum score of 3. The total REEDA
score ranged from 0 to 15. As the score increases, it will
indicate higher rate of infection. If the score decreases,
it shows the evidence of healing process. Visual analog
scale and REEDA scores were measured on day one pre
intervention and day third postintervention.

STATISTICAL ANALYSIS
Statistical analysis was done using statistical software
Statistical Package for Social Sciences (SPSS) version 10.
Various statistical measures, such as mean and standard
deviation (SD), were used. Wilcoxon-signed rank test
was used as test of significance for outcome measure of
visual analogue scale within the groups. Mann-Whitney
z test was used to test the significant difference in the
outcome measure of visual analog scale between groups
A and B. Unpaired t-test was used to find the significant
difference in the outcome measure of REEDA Scale
between groups A and B. Paired t-test was used to find
the significant difference in the outcome measure of
REEDA scale within the groups. The level of significance
was set at p < 0.05.

Age and Body Mass Index
There was no significant difference between the mean age
and body mass index (BMI) of the participants in both the

Intervention
• Group A: Cryo gel pad and therapeutic ultrasound:
This regime consisted of application of cryo gel
pad to perineal area for 10 minute and followed by
therapeutic ultrasound with a 3 MHz, intensity of
0.5 w/cm2 with pulse interval 1:1. Therapy duration

Table 1: Age and BMI distribution
Group A
Group B
t58
p-value

Age (years)
23.4 ± 3.92
24 ± 2.06
0.694
0.491

BMI (kg/m2)
23.2 ± 2.72
23.1 ± 3.54
0.023
0.981
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groups, which shows that the participants’ characteristics
in both the groups were well matched (Table 1).

Visual Analog Scale Score
In the present study, preinterventional average score
of VAS in group A was 7.6 ± 1.29 and in group B was
7.6 ± 1.39 on day one with p-value 0.970, which was not
statistically significant difference in both the groups.
The baseline VAS scores were matched in the two groups.
The average score of VAS after postintervention on day 3
was 2.2 ± 1.03 in group A and was 4.6 ± 1.32 in group B
with p < 0.001, which showed statistically significant difference. The change in VAS score from 1st to 3rd days in
group A was 5.4 ± 1.41 and was 3 ± 1.07 in group B with
p < 0.001, which showed statistically significant difference
in reducing pain. Intergroup changes in the VAS score
revealed statistically significant reduction in pain on day
three postintervention in both the groups. The intragroup
analysis for VAS score showed statistically significant
difference between groups A and B on post-day 3 with
p < 0.001 (Table 2).
Both the groups showed statistically significant
reduction in pain on 3rd day postintervention with
greater reduction in group A as compared to group B.

Redness, Edema, Ecchymosis, Discharge,
Approximation Scale
In the present, study preinterventional average score of
REEDA scale in group A was 11.8 ± 2.45 and in group B
was 13 ± 2.51 on day one with p-value 0.059, which
suggest that the base line scores were well matched
between the groups. The average score of REEDA scale
after postintervention on day three was 2.4 ± 1.04 in group

A and 6.6 ± 2.38 was in group B with p-value on day
three was <0.001 which showed statistically significant
difference. The t-value on day one, when compared
between group A and group B was 1.923 and on day three
was 8.841. The p-value on day one was 0.059, which did
not show statistical significance. The change in REEDA
score from 1st to 3rd days in group A was 9.4 ± 2.04 and
in group B was 6.4 ± 2.13 with p < 0.001, which showed
statistically significant difference in improvement in
REEDA score. Intergroup changes in the REEDA score
revealed statistically significant improvement in healing
process on day 3 postintervention for both the groups.
This was done using unpaired t-test. The intragroup
analysis of REEDA score showed statistically significant
difference within the groups A and B on post-day 3 with
p < 0.001. This was done by using paired t-test (Table 3).
Both the groups showed statistically significant improvement on REEDA scale on 3rd day postintervention
with greater improvement in group A as compared to
group B.

DISCUSSION
Perineal pain is most evident after normal vaginal
delivery with episiotomy, often making women suffers
from pain, discomfort and dependent in their day-to-day
activity. Thus, this study aimed to observe the effect of
therapeutic ultrasound and low-level laser therapy on
perineal pain following vaginal delivery with episiotomy.
It was noticed that there was improvement in all the
above parameters in both the trial groups, but the group
receiving cryo gel pad and therapeutic ultrasound had
statistically better improvement as compared to the group
receiving cryo gel pad and low-level laser therapy. The
age distribution showed no statistical difference in both

Table 2: Comparison of VAS score in two groups (inter- and intragroup)
Group A
Median
Interquartile range
Day 1
7.6 ± 1.29 6.9–8.5
Day 3
2.2 ± 1.03 1.5–2.8
Change from days 1 to 3 5.4 ± 1.41 4.47–6.55
WSR (z)
4.784
p-value
<0.001*
*p < 0.05; WSR: Wilcoxon-signed rank test

Median
7.6 ± 1.39
4.6 ± 1.32
3 ± 1.07
4.785
<0.001*

Group B
Interquartile range
6.6–8.7
3.55–5.7
2.2–3.55

Mann-Whitney test (z)
0.037
5.600
5.406
—

p-value
0.970
<0.001*
<0.001*

Table 3: Comparison of REEDA score in two groups (inter- and intragroup)
Group A
Day 1
11. 8 ± 2.45
Day 2
2.4 ± 1.04
Change from days 1 to 3
9.4 ± 2.04
Paired t-test
25.520
DF
29
p
<0.001*
*p < 0.05; DF: Degree of freedom
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Group B
13 ± 2.51
6.6 ± 2.38
6.4 ± 2.13
16.481
29
<0.001*

Unpaired t-test
1.923
8.841
5.510
—

DF
58
58
58

p-value
0.059
<0.001*
<0.001*
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the groups. The findings of this study are consistent with
findings of a study conducted by Dimitrov and Tsenov
on causes for healing complications in episiotomy on 33
puerperal women. The study highlighted that the process
of episiotomy healing is not influenced by age, parity,
duration of labor or the weight of neonate.16
A randomized controlled trial was done on ice-packs
and cooling gel pads versus no localized treatment for
relief of perineal pain in, which it was concluded that
cooling treatments can alleviate pain, when compared
to no localized treatment. This treatment was found
to be most acceptable by the women included in the
study. Localized cooling treatments have the potential
to reduce levels of perineal pain over a longer period
of time.17 The present study included cryotherapy as a
part of intervention in both the groups as a conventional
method of treatment and cryo gel pad for 15 minutes
at temperature 10 to 15°C. The possible explanation
for the pain relief is by numbing the superficial tissue
surrounding the wound through the action on local nerve
fibers and by decreasing edema and results in change of
connective tissue of perineum to have more elasticity of
collagen and a decrease of muscle irritability and spasm,
alleviating the perineal pain. The heat activated receptors
plays a significant role in inflammation related pain and
pain relieved by cooling effectively.18
In a randomized placebo trial on ultrasound and
pulsed electromagnetic energy treatment for perineal
trauma, ultrasound was used with a frequency of
3 MHz, an intensity of 0.5 w/cm2 and pulse interval 1:4
for 2 minutes to the episiotomy area using ultrasound
couplant.19 In present study frequency of 3 MHz, an
intensity of 0.5 w/cm2 and pulse interval 1:1 for 5 minutes
was used by indirect method using water filled glove
than direct contact method, which was used in the other
studies, which could be the possible source of infection.
Hence, water gloves method would be better in clinical
practice. The heating effect of ultrasound impairs
conductivity of an insonated nerve and thus decreases
the sensation of pain. As is evident, in the current study
ultrasound has reduced pain and facilitated healing
process in episiotomy. In a randomized placebo trial on
ultrasound and pulsed electromagnetic energy treatment
for perineal trauma, it was concluded that bruising
occurred after the ultrasound treatment.14 But in present
study, no bruising was found, probably because of
indirect method of application used by water filled glove
unlike direct method used in the above-mentioned study.
A randomized clinical trial was conducted to see
the effect of LLLT for perineal pain and healing after
episiotomy, where radiation was applied at three points
directly on episiotomy wound, with wavelength of

660 nm, spot size of 0.04 cm, energy density of 3.8 J/cm,
radiant power of 15 mw and 10 seconds per point and
assessed for pain by pain score scale from 0 to 10 cm
and healing process by REEDA scale.20 In the present
study, LLLT was used with same procedure once a
day for 3 days, which showed reduction in pain and
improvement in healing process both clinically and
statistically. The above stated study showed reduction
in pain, but improvement in healing process was not
measured. The present study had shown reduction in
pain and improvement in healing process. The reason for
improvement in healing process may be due to exposure
of larger area for 30 seconds, which could have improved
blood circulation to the perineal area around episiotomy
scar.
The effect of LLLT is such that it can accelerate
remodeling of scar tissues and gives a more cosmetically
acceptable result to postoperative scarring.19 Trelles
et al (1987) reviewed the use of local irradiation with
LLLT and stated that LLLT has biostimulatory effects in
ulcers, granulomas, burns, septic wounds and trauma
to superficial tissues, causes stimulation of local cell
metabolism in damaged tissues in vivo and in vitro and
also leads to increased activity of local tissue enzymes.
It is said that with laser treatment there is high level
excretion of 5-hydroxy indoleacetic acid (5-HIAA), which
is a metabolite of serotonin (5-HT) and the pain relief is
because of the effect of LLLT on the level of serotonin
and acetylcholine, which lead to the analgesic effect.20
This can possibly explain the cause of pain relief in the
present study where LLLT was used.
Episiotomy presents a severe health problem and
produce huge burden on mothers. Simply, safe physiotherapy treatment modality, such as therapeutic ultrasound, could be of great value. This provides immediate pain relief and improves healing process, improves
functional performance and reduces discomfort of the
patient. Therapeutic ultrasound is low cost as compared
to LLLT and less time consuming treatment in subject
with perineal pain following vaginal delivery with
episiotomy. The present randomized clinical trial provided evidence to support the use of physical therapy
regimen in the form of cryo gel pad with therapeutic
ultrasound and cryo gel pad with LLLT in relieving pain,
improving healing process, improving functional performance and reducing functional disability in subjects
with perineal pain.

CONCLUSION
Therapeutic ultrasound with cryo gel pad can be used
to reduce perineal pain following vaginal delivery with
episiotomy.

Journal of South Asian Federation of Obstetrics and Gynaecology, September-December 2015;7(3):152-156

155

Ashwini Chougala, Arati Mahishale

REFERENCES
1. Chang SR, et al. Comparison of the effects of episiotomy and
no episiotomy on pain, urinary incontinence, and sexual
function 3 months postpartum: a prospective follow-up study.
Int J Nurs Stud 2011 Apr;48(4):409-418.
2. Datta DC. Textbook of Obstetrics by 6th ed. India. p. 568-569.
3. Dhanalakshmi V. Best remedial measure after Episiotomy?
Sitz bath? Or Infrared Light Therapy? Nightingale Nursing
Times 2010 Mar;5(12):12-16.
4. Fielding Ould, A Treatise of midwifery in three parts (Dublin,
Ireland: Nelson and Connor 1742):145-146.
5. Kalis V, Laine K, de Leeuw JW. Classification of episiotomy:
towards a standardisation of terminology. BJOG an International Journal of Obstetrics and Gynaecology. 2012; DOI:
10.1111/j.1471-0528.2011.03268.
6. Robinson S, Thompson A. Midwives, research and childbirth.
In: Sleep J. Perineal care: a series of five randomised controlled
trials. London: Champman and Hall; 1991. p. 199-251.
7. Thacker SB, Banta DH. Benefits and risks of episiotomy: an
interpretative review of the English language literature, 18601980. Obstet Gynecol Surv 1983;38:322-338.
8. Woolley RJ. Benefits and risks of episiotomy: a review of the
English-language literature since 1980. Parts I and II. Obs
Gyne Sur 1995;50:806-820.
9. Carroli G, Belizan J. Episiotomy for vaginal birth. Cochrane
Database System Rev 2000;(2):CD000081.
10. Carroli G, Belizan J, Stamp G. Episiotomy policies in vaginal
births. In: Neilson JP, Crowther CA, Hodnett ED, Hofmeyr
GJ, editors. Pregnancy and childbirth module of the Cochrane

11.
12.
13.

14.

15.

16.
17.

18.
19.
20.

database of systematic reviews. Oxford: Update Software
1999;3.
Fernando RJ, Sultan AH. Risk factors and management of obstetric perineal injury. Curr Obs and Gynae 2004;14(5):320-326.
Fraser DM, Cooper MA. Myles textbook for midwives.
14th ed. Philadelphia: Churchill Livingstone; 2003. p. 632.
Grant A, et al. Ultrasound and pulsed electromagnetic
energy treatment for perineal trauma: a randomised placebo
controlled trial. Br J Obs and Gyn 1989 Apr;96:434-439.
Santos JD, Oliveira SM, Nobre MR, Aranha AC, Alvarenga
MB. Randomised clinical trial of the effect of low-level laser
therapy for perineal pain and healing after episiotomy: a pilot
study. Health Sciences Institute, University Paulista, Rua
Apeninos, 267, CEP 01533-000, Sao Paulo, Brazil.
Michel S. A comparative study to assess the effectiveness
of sitz bath versus self perineal care on episiotomy wound
healing among postnatal mothers in Jaynagar general hospital,
Bangalore; 2006.
Tsenov D. Causes for healing complications in episiotomy.
Akush Ginekol 2000;40(4):17-20.
Steen M, Marchant P. Ice-packs and cooling gel pads versus
no localised treatment for relief of perineal pain: a randomised
controlled trial. The Royal College of Midwives. Evi Bas Mid
2007;5(1):16-22.
Steen M. Alleviating perineal trauma. Br J Midwifery 2001
May 3;9(5):316-320.
Clark RAF. Continues tissue repair basic biologic considerations. J Am Acad Dermatol 1985;13:701-725.
Al-Ashaikh SF. Evaluation of low-level laser therapy using
diode laser in enhancement of episiotomy wound healing.
Iraqi J Laser Part B 2011;10(1):1-7.

Please visit www.jsafog.com for Instruction to Authors and Feedback Form

156

Egyptian Journal of Chest Diseases and Tuberculosis (2015) 64, 567–571

H O S T E D BY

The Egyptian Society of Chest Diseases and Tuberculosis

Egyptian Journal of Chest Diseases and Tuberculosis
www.elsevier.com/locate/ejcdt
www.sciencedirect.com

ORIGINAL ARTICLE

Screening for chronic obstructive pulmonary disease
in elderly subjects with dyspnoea and/or reduced
exercise tolerance – A hospital based cross sectional
study
Vinay Mahishale a,*, Arati Mahishale b, Naveen Angadi c,
Vijayanand Metgudmath d, Ajith Eti a, Mitchelle Lolly a, Sujeer Khan

a

a

Dept of Pulmonary Medicine, KLE University J.N. Medical College, Belgaum, Karnataka, India
Dept of OBG Physiotherapy, KLE Institute of Physiotherapy, Belgaum, Karnataka, India
c
Dept of Internal Medicine, KLE University J.N. Medical College, Belgaum, Karnataka, India
d
Dept of Cardiology, KLE University J.N. Medical College, Belgaum, Karnataka, India
b

Received 4 February 2015; accepted 9 March 2015
Available online 25 March 2015

KEYWORDS
COPD;
Elderly subjects;
Dyspnoea;
Exercise intolerance;
Spirometry

Abstract Background: Chronic obstructive pulmonary disease (COPD) is a very common lung
disease most often related to history of smoking. It becomes more prevalent with increasing age
but remains under-diagnosed and under-treated in the elderly population. Under diagnosis of
COPD is universal in elderly patients because of multiple pathology, difﬁculty with measurement
of lung function, under-reporting of symptoms and reduced perception of dyspnoea. However
the screening of the elderly (age >60 years) is not performed routinely even when they are symptomatic.
Objective: The study was undertaken to screen elderly subjects with dyspnoea and/or reduced
exercise tolerance for COPD.
Study design: A cross sectional hospital based study.
Methods: A total of 1000 elderly subjects were screened for COPD using standard spirometry as
per GOLD guidelines. Diagnostic evaluation and classiﬁcation of patients as ‘‘no COPD’’, ‘‘new
COPD’’ and ‘‘known COPD’’ were done by panel of experts which included a Pulmonologist,
Cardiologist, General Physician and Physiotherapist. Subjects were categorized as mild, moderate,
severe and very severe COPD based on FEV1 (forced expiratory volume in 1st sec) values.
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Results: Of the total 1000 elderly participants screened, 596 (59.6%) were classiﬁed as having no
COPD, 228 (22.8%) with new COPD and 176 (17.6%) with known COPD. Among the total 228 of
new COPD patients 27 (11.8%), 176 (77.4%), 5 (2.1%) and 20 (8.7%) were having mild, moderate,
severe and very severe COPD respectively as per GOLD guidelines. Similarly of the total 176
subjects with known COPD, 9 (5.1%), 136 (77.3%), 0 (0%) and 31 (17.6%) were having mild, moderate, severe and very severe COPD respectively.
Conclusion: An active screening for COPD in elderly subjects with dyspnoea or reduced exercise
tolerance leads to diagnoses of substantially more new patients with COPD.
ª 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of The Egyptian Society of Chest
Diseases and Tuberculosis. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

Introduction

Methodology

Chronic obstructive pulmonary disease (COPD) is a very common lung disease most often related to history of smoking. It
becomes more prevalent with increasing age but remains
under-diagnosed and under-treated in the elderly population
[1]. All the studies conducted agree in predicting that both
morbidity and mortality burden of COPD are rising globally.
COPD is a progressive, partially reversible airﬂow obstructive
condition and is a growing public health problem. By 2020,
COPD is projected to cause over 6 million deaths annually
worldwide. In its advanced stage, the disease causes severe disabilities and poor quality of life [2–4]. It was predicted that
COPD will be the third leading cause of death worldwide by
2020 with Asian countries having three times the number of
patients than the rest of the world [5–8].
The diagnosis of COPD is based on evidence of pulmonary
obstruction, in combination with signs and symptoms suggestive of COPD and with history of smoking [9].
Pathophysiologically, it is well established that COPD can be
partly considered as accelerated ageing of the lungs and thus
its prevalence increases with age [10]. There is also accelerated
decline in forced vital capacity (FVC) and forced expiratory
volume in 1 s (FEV1) with natural ageing [11]. Ageing is associated with a progressive degeneration of the tissues, which has
a negative impact on the structure and functions of lung tissue.
Since the proportion of the world’s population aged >60 years
will double in the next four decades, this will be accompanied
by an increased incidence of chronic age-related diseases like
COPD that will place a huge burden on healthcare resources.
Chronic pulmonary diseases represent an important component of the increasingly prevalent multiple chronic debilitating
diseases, which are a major cause of morbidity and mortality,
particularly in the elderly.
Screening subjects at risk, such as smokers, workers and
populations exposed to environmental pollution, with serial
measurements of FEV1 have been shown to identify COPD
at an early stage, with a diagnostic yield that is signiﬁcant even
in asymptomatic individuals [12]. Under diagnosis of COPD is
universal in elderly patients because of multiple pathology, difﬁculty with measurement of lung function, under-reporting of
symptoms and reduced perception of dyspnoea [13]. However
the screening of the elderly is not performed routinely even
when they are symptomatic. Hence we undertook the study
of screening symptomatic (dyspnoea and/or reduced exercise
tolerance) elderly population (Age >60 years) for COPD
using spirometry as per GOLD guidelines [2].

Source of data
Inpatient and outpatient departments of Pulmonary medicine,
Internal Medicine, Cardiology and Geriatric departments at a
tertiary care hospital.
Population
The study population included elderly subjects aged 60 years
and above with dyspnoea and/or reduced exercise tolerance,
registered in tertiary care hospital.
Study design
A cross sectional hospital based study.
Study period
Primary data were collected from Jan 2013 to August 2014.
Sample size
Total of 1000 elderly subjects (>60 years) were screened for
COPD using spirometry.
Inclusion criteria
(1) Both male and female subjects with dyspnoea and/or
reduced exercise tolerance
(2) Age >60 years.

Exclusion Criteria
1. History of chronic lung disease other than COPD.
2. Any congenital cardiac disease.
3. Systemic diseases which can cause dyspnoea and/or
reduced exercise tolerance.
4. Chronic thromboembolic diseases.
5. HIV infection.
6. Subjects who could not perform spirometry.
7. Severe anaemia.

Screening for chronic obstructive pulmonary disease
Screening procedure
All participants in the study underwent a screening strategy,
including history taking, physical examination, ECG,
pre- and post-bronchodilator spirometry, blood tests, and
echocardiography. History taking included a standardized
questionnaire on symptoms, medical history, smoking history
and current drug use. Physical examination was performed
by an experienced physician in a standardized manner.
Situations in which the patients are dyspnoeic were scored as
0 (never), 1 (only during strenuous exercise), 2 (walking fast
or uphill), 3 (walking with people of same age), 4 (walking
ﬂat), 5 (at rest). Reduced exercise tolerance scores ranging
from 0 to 4 based on responses to the questions ‘‘do you have
a reduced exercise tolerance as compared to others of the same
age?’’, ‘‘do you feel more tired than others of the same age?’’,
‘‘do you feel you need more recovery time after exercise than
others of the same age?’’ and ‘‘do you feel your heart is pounding, or feel palpitations or feel agitated during activities such as
walking, gardening or housework?’’ were recorded.
Spirometric measurements were performed while patients were
in a clinically stable condition with a RMS Helios 401 spirometer (Recorders and Medicare systems private limited,
MEDSPIROR, India). FVC and FEV1 were measured before
and 30 min after administration of ipratropium bromide by
inhalation. All measurements were performed in a spirometry
Laboratory at tertiary care hospital under supervision of
Pulmonologist.
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Table 1

Demographic characteristics.

Characteristics

No COPD

New
COPD

Known
COPD

Subjects (n)
Age (years)
Males
Current/ex-smokers
Pack years
Asthma
MRC dyspnoea score
Exercise intolerance
Wheeze
Cough
Pre-bronchodilator
FEV1 predicted
Post-bronchodilator
FEV1 predicted

596 (59.6)
72 ± 5.6
331 (55.5)
345 (57.9)
3.4 (0–19)
36 (6.1)
2 (2–3)
1 (0–3)
85 (14.2)
109 (18.3)
96.5 ± 15.8

228 (22.8)
74.5 ± 6.2
109 (47.8)
136 (59.26)
16.5 (0–32)
35 (15.3)
3 (2–4)
2 (1–3)
94 (41.2)
106 (46.5)
70.8 ± 13.2

176 (17.6)
76 ± 6.5
92 (52.3)
124 (70.1)
35 (16.5–50)
13 (7.3)
3 (2–4)
3 (1–3)
86 (48.9)
85 (48.2)
64.2 ± 17.2

99.2 ± 16.2

75.6 ± 13.8

68.6 ± 16.9

Table 2 Comparison between new and known COPD with its
severity.
GOLD criteria

NEW COPD
N(%)

Known COPD
N (%)

Mild
Moderate
Severe
Very severe

27 (11.8)
176 (77.4)
5 (2.1)
20 (8.7)

9 (5.1)
136 (77.3)
0 (0)
31 (17.6)

Panel diagnosis
All participants were evaluated by a consensus panel that
decided after plenary discussion whether a diagnosis of
COPD was present, possible or absent. Panel was consisted
of Pulmonologist, Cardiologist, General Physician and
Physiotherapist. Diagnosis of COPD was conﬁrmed as per
the guidelines of The Global Initiative for Obstructive Lung
Disease (GOLD) programme which provides standard
diagnostic criteria, severity staging as well as recommendations
for prevention and management of COPD [2]. Characteristics
of the participants in the screening were tabulated against the
COPD status deﬁned as ‘‘no COPD’’, ‘‘new COPD’’ and
‘‘known COPD’’. Patients with the label ‘‘no COPD’’ did
not have a prior diagnosis of COPD and had no COPD
according to the panel. Patients with new COPD had no prior
diagnosis of COPD but received such a diagnosis by the panel.
The group ‘‘known COPD’’ were patients known with COPD
that was conﬁrmed by the panel [14].
Results
Of the 1000 elderly participants screened, 596 (59.6%) were
classiﬁed as having no COPD, 228 (22.8%) with new COPD
and 176 (17.6%) with known COPD (Table 1). Among the
total 228 of new COPD patients 27 (11.8%), 176 (77.4%), 5
(2.1%) and 20 (8.7%) were having mild, moderate, severe
and very severe COPD respectively as per GOLD guidelines.
Similarly of the total 176 subjects with known COPD, 9
(5.1%), 136 (77.3%), 0 (0%) and 31 (17.6%) were having mild,
moderate, severe and very severe COPD respectively (Table 2).

Discussion
In our study, among elderly subjects with complaints of dyspnoea or with exercise intolerance, newly diagnosed COPD was
detected in 22.8% of the patients and known COPD in 17.6%
of subjects. This is in agreement with study by Bertens et al.,
which established that with an active search for COPD in community-dwelling frail elderly subjects with dyspnoea or
reduced exercise tolerance, substantially more new patients
with COPD can be detected than with care as usual (spirometry in suspected cases) [14]. In another study by Mourik et al.
Community-dwelling frail persons aged >65 years underwent
a 2-step screening strategy. First, they received a questionnaire
inquiring about dyspnoea and exercise tolerance. Those with
exercise intolerance and/or dyspnoea were invited to visit their
primary care physician’s ofﬁce for a screening, including medical history taking, physical examination, blood tests, electrocardiography, spirometry, and echocardiography. The ﬁnal
diagnosis of every patient was determined by a panel consisting of 3 physicians. In this study previously unrecognized
COPD was detected in 16.8% (95% conﬁdence interval,
13.4–20.9%). In total, 165 patients (43.9%) received a new
diagnosis of either heart failure, COPD, or both. The study
concluded that unrecognized chronic diseases like COPD
might be detected in community-dwelling frail elderly using a
near-home screening strategy that is simple to implement
[15]. Our study also included a panel of clinicians including
Physician, Pulmonologist, Cardiologist and Physiotherapist
and all the participants in the trial underwent vigilant
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evaluation by the panel after which patients were established
to be new COPD, known COPD and no COPD.
Many authors argue that screening for COPD would only
result in the detection of cases with mild disease, which are
often not considered clinically relevant. Especially in elderly
patients, a decline in pulmonary function is a part of the natural ageing process and differentiating between a normal of an
abnormal decline becomes difﬁcult. In our study, the majority
of patients with newly detected COPD had mild-to-moderate
disease based on airﬂow limitation. Signiﬁcant number of subjects could be classiﬁed as having ‘‘more complaints’’ according to the updated GOLD criteria in newly detected cases. In
current study there was no difference between new and known
COPD groups as far as symptom scores, exercise intolerance
and duration and pack years of smoking were concerned
(Table 1). This screening however demonstrated that considerable numbers of subjects remain undiagnosed even when
they were symptomatic. This does suggest that screening of
elderly subjects with shortness of breath results in the detection
of clinically relevant COPD.
It is relevant to note that in 2012, the world population
reached 7 billion [16]. This notable population growth is the
result of several factors: contributions from medical,
technological and public health advances resulting in the control and treatment of communicable diseases; the control of
pandemics; the end of large-scale wars; improvement in living
conditions; and the agricultural revolution [17]. Because of
these improvements, life expectancy has increased dramatically. In 1950, life expectancy at birth was 65 years in the more
developed regions of the world and 42 years in the less developed regions of the world. Currently, life expectancy is
78 years in the developed world and 68 years in the developing
world. At the same time, there has been a decline in population
growth rate. Population growth rate peaked at 2.2% per year
in the 1960s compared with the current estimate of 1.1% per
year. It is estimated to decline further to 0.5% by 2050 [18].
The combination of decreasing population growth rate and
increased life expectancies has led to a change in the
demographics of the population with the strata of older
individuals growing faster than the younger individuals. The
United Nations Population Division reported that the global
share of older people (aged 60 years or over) increased from
8% in 1950 and 9% in 1990 to 12% in 2013, and will continue
to grow to an estimated 21% by 2050. By 2045–2050, life
expectancy is projected to reach 83 years in the more developed regions of the world and 75 years in the less developed
regions of the world [18]. There is another important
‘‘epidemiological transition’’, which is the movement from
communicable diseases towards noncommunicable diseases
(NCDs) thorough the world [19]. Both population growth
and ageing are increasing the number of deaths from NCDs.
NCDs are characterized by slow progression and long duration; therefore, the clinical manifestation and burden disproportionally affects older adults. The most important chronic
diseases include ischaemic cardiovascular disease, cerebrovascular disease, COPD, diabetes, cancer and depression.
Considering the change in the demographics of the world
population and epidemiological transitions, there is justiﬁcation for identifying elderly subjects with previously undiagnosed COPD. This kind of screening provides a window of
opportunity to the clinicians for early diagnosis of COPD in
subjects at risk. This would beneﬁt patients because symptoms
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and quality of life would be improved, exacerbations and complications would be limited, and survival would be enhanced.
Also development and progression of the disease would be prevented by intervention (e.g. smoking cessation) or pharmacological treatment at the earliest.
The power of or study are:
(1) It focuses on a speciﬁc group of subjects at high risk of
COPD: those who are symptomatic (dyspnoea and/or
exercise intolerance) and elderly.
(2) The screening was based not only on spirometry but also
on a detailed individual assessment by a multidisciplinary panel (Pulmonologist, a General Physician, a
Cardiologist and Physiotherapist) that took into
account clinical history, risk factors, physical examination, blood tests, ECG, echocardiography, and preand post-bronchodilator spirometry.
(3) The screening of the elderly population complaining of
dyspnoea included careful assessment of heart failure
and other causes of dyspnoea.

Limitations
The study is limited by the fact that it is a single centric cross
section study and hence the outcomes of the trial cannot be
generalized. Further studies with involvement of different geographic populations should be carried out. Also the impact of
early initiation of treatment and the disease outcome may be
studied, even in patients with a newly established diagnosis.
Conclusion
An active screening for COPD in elderly subjects with
dyspnoea or reduced exercise tolerance leads to diagnoses of
substantially more new patients with COPD. It is imperative
to screen all elderly subjects (aged >60 years) to avert progression of the disease, improvement in quality of life & reduction
in mortality.
Conﬂict of interest
None.
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Comparison of kangaroo mother care and tactile
kinesthetic stimulation in low birth weight babies
– an experimental study
Abstract
Background: Low birth weight (LBW) is the most common
cause of neonatal death. The management includes
admission to the neonatal intensive care unit, use of high
frequency oscillator, and so on. The conventional management of LBW babies also includes kangaroo mother
care and tactile kinesthetic stimulation (TKS), which are
both non-invasive and easily affordable. However, very
few studies have compared these two techniques. Hence,
the aim of the study was to compare the effectiveness of
kangaroo mother care (KMC) and TKS in LBW babies.
Methods: This was an experimental study including 40
LBW babies weighing 1500–2500 g with gestational age
of ≥ 32 weeks. Group A (n = 20) was treated with KMC and
group B (n = 20) was treated with TKS for 5 consecutive
days. The weight and parental bonding of all the neonates
before and after intervention were recorded.
Results: The results of this study revealed that the neonates in both groups showed significant weight gain after
5 days of treatment (p = 0.00001) However, in Group B,
parental bonding scores were significantly decreased with
p = 0.0126.
Conclusions: The present study concluded that KMC and
TKS were equally effective in increasing the weight of the
neonates and the mother-child bonding.
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Introduction
The mortality rate of newborns is about 4 million annually, of which 99% occur developing countries. One of
the main causes of neonatal death is low birth weight
(LBW). LBW can be due to preterm birth, small gestational
age, or various environmental factors, such as maternal tobacco smoking, exposure to environmental toxins
during pregnancy, and so on. The management of such
preterm infants include high frequency oscillatory ventilation, conventional synchronized mandatory ventilation,
radiant warmer etc. [1]. Among all these, the conventional
treatment comprises kangaroo mother care (KMC) and
infant massage.
KMC was first developed by Dr. Edgar Rey for LBW
babies. In this treatment, the mothers are used as “incubators”, serving as the main source of food and respiratory
and thermal stabilization. KMC has been proven to be an
effective method in weight gain. The major components of
KMC include skin-to-skin contact with the mother, exclusive and frequent breastfeeding, early hospital discharge,
reduced risk of infections, and improved mother-child
bonding [2–5].
First introduced via ayurvedic medicine, infant
massage [also known as tactile kinesthetic stimulation (TKS)], is commonly used in developing countries,
especially in India. TKS has been proven to be effective
in increasing weight in high-risk neonates and preterm
infants, and in helping mothers with postnatal depression
interact better with their babies [6–8].
In India, there is an inverse ratio between the number
of LBW babies and the availability of incubators. The management of preterm or LBW babies in tertiary care units is
expensive, which is a common concern for parents of neonates belonging to the low socio-economic class. Given
that KMC and TKS are non-invasive forms of treatment
that are easily affordable, their use as forms of therapy
should be encouraged. The research done in various parts
of India analyzed the positive effects of KMC and TKS.
However, very few studies done in India have compared
the effects of KMC with TKS.
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Hence, the aim of the present study was to compare
the effectiveness of KMC and TKS in the treatment of LBW
babies.

Methods
This was an experimental study conducted on 40 neonates to compare KMC and TKS in LBW babies weighing 1500–2500 g with gestational age of ≥ 32 weeks. Approval for the study was obtained from
the Institutional Ethical Committee. Informed consent was obtained
from parents before conducting the study. The neonates with genetic
anomalies, congenital heart malformations, gastrointestinal disturbances, CNS dysfunction, and the infants who were medically unstable were excluded.
Convenient sampling was used to select the sample, and the
envelope method was used to place the neonates into two groups. In
Group A (n = 20), neonates were given KMC treatment and in Group B
(n = 20) TKS treatment was given. The baseline data regarding weight
and parental bonding were recorded. Parental bonding was measured using the Post Partum Bonding Questionnaire, a self-rating
questionnaire containing 25 statements.
In Group A, the babies were positioned, wearing only a nappy,
inside the dress of the mother (to ensure skin-to-skin contact between
her breasts) and kept upright 24 h a day for 5 consecutive days.
For the infants in Group B, TKS was administered by the investigator for 15 min on an open diaper, with medium pressure using
powder, 3 times a day, for 5 consecutive days. The stimulation was
given in three phases as follows:
–– Phase 1: This was done in the prone position. Firm strokes lasting 5 s each were applied with the palms of both hands on the
head, neck, shoulders, and back of each neonate.
–– Phase 2: This was done in the supine position. Firm strokes lasting 5 s each were applied with the palms of both hands on the
forehead, cheeks, chest, abdomen, upper extremities, lower
extremities, and the palms and soles of the infants.
–– Phase 3: This was done in the supine position and consisted of
passive flexion and extension of limbs at the shoulder, elbow,
hip, knee, and ankle joints. Passive movements for five repetitions of 2 s each were given for all joints.
The stimulation was temporarily paused if the baby cried or passed
urine or stool during the sessions. The weight of all the neonates was
recorded in the morning and evening on a daily basis. The parental
bonding was measured on the fifth day.

Results
Table 1 shows the demographic characteristics of the neonates of both groups. Table 2 shows the comparison of
the weight and parental bonding within the groups. The
comparison of outcome measures between the groups is
shown in Table 3.
The weight of the neonates in both the groups was
significantly increased with p = 0.00001. The parental bonding scores on the Post Partum Bonding Questionnaire was significantly reduced in Group B with
p = 0.0126.

Discussion
Although there are numerous studies on baby massage
and KMC on LBW and preterm babies, only a few studies
have compared the effectiveness of the two techniques.
The purpose of the present study was to compare the
respective effects of KMC and TKS in LBW babies on
weight gain and parental bonding.
In our study, the neonates in the Group A showed a
weight gain of 23 g, while those in Group B showed an
increase of 24 g. The total weight gain in both groups was
significantly increased after giving treatment for 5 consecutive days. However, no statistical significance was
found between the groups. A study conducted by Lee et al.
showed no significant weight gain in LBW babies following massage therapy given for 4 weeks [9]. The statistical
significance within Group B is consistent with the report
of Kim et al., which showed significant weight gain in
LBW babies following a regimen of massage therapy twice
a day for 5 days a week in a span of 4 weeks [10]. Apart
from facilitating growth and behavioral development
without any adverse effects [11, 12], physiologically, TKS
also improves vagal activity. In turn, this releases food
absorption hormones (e.g., gastrin or insulin) that help
promote weight gain.

Table 1 Demographic characteristics.
Characteristics
Gender
Male
Female
Chronological age, days
Gestational age, weeks
Birth weight, kg

Group A
Mean ± SD

Group B
Mean ± SD

T value

p-Value

9 (45%)
11 (55%)
2.10 ± 2.27
32.15 ± 2.72
1.90 ± 0.18

8 (40%)
12 (60%)
2.75 ± 4.34
36.05 ± 2.78
2.32 ± 0.25

x2 = 0.1028

0.7497

–0.5937
–4.4837
–6.0542

0.5563
0.00001
0.00001
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Table 2 Intra-group comparisons of weight and parental bonding.
Variables/Groups
Weight, kg
Group A
Group B
Parental bonding (scores)
Group A
Group B

Pre-intervention

Post-intervention

Difference within
the groups

p-Value

1.90 ± 0.20
2.32 ± 0.24

2.01 ± 0.23
2.43 ± 0.24

0.11 ± 0.07
0.11 ± 0.05

0.00001
0.00001

22.80 ± 1.70
22.95 ± 1.57

15.05 ± 1.23
16.95 ± 3.00

7.75 ± 1.41
6.00 ± 3.26

0.7739
0.0126

Table 3 Inter-group comparison of weight and parental bonding.
Variables/Groups
Weight, kg
Group A
Group B
Parental bonding (scores)
Group A
Group B

Pre-intervention

Post-intervention

Difference between
the groups (in %)

p-Value

1.90 ± 0.20
2.32 ± 0.24

2.01 ± 0.23
2.43 ± 0.24

–5.62
–4.83

0.7913

22.80 ± 1.70
22.95 ± 1.57

15.05 ± 1.23
16.95 ± 3.00

33.99
26.14

0.0337

The literature suggests early and good weight gain
(average of 10–15 g/kg/day) in LBW babies following KMC
treatment [13]. KMC promotes exclusive breast feeding,
that is, once the baby finds the breasts, he or she starts
nuzzling and sucking immediately. Due to the availability
of milk whenever he or she is hungry, the baby can gain
weight.
The skin is the largest organ of the body, and the tactile
system is the earliest system to become functional. The
skin of the preterm infants serves multiple roles, including
a sensory surface for the infant, a protective mantle, and
an information-rich surface for non-invasive monitoring
[14]. KMC and TKS include skin-to-skin contact (described
as “positive touch”). Touch is the main constituent of parent-infant and the triad system [15]. Every parent should
experience the lifelong effects of early attachments,
without considering an infant’s birth history and personal
philosophy [16, 17]. KMC is not only for preterm babies but
can also be used for every baby and every mother [18–20].
According to the studies quoted by the United Nations
Children’s Fund (UNICEF), a neonate will initially cry
briefly and then enter into the stage of relaxation, after
recovering from birth. Then, he or she will start to wake up,
begin to move, and these movements will actually lead to
crawling and reaching for the breasts of mother. Once the
baby finds the breast (i.e., the source of food), there is a
period of rest. After the period of rest, the baby will explore
and become familiar with the breast. All babies are said
to follow this process, which promotes attachment and

bonding with the mother. A study done on KMC, which
was given for a minimum of 1 h daily until the discharge
from the hospital reported that increased contact between
mother and the neonate enhanced mother-infant interaction [21]. Furthermore, the bonding is consistent with our
results, which show increased mother-infant bonding in
Group A to whom KMC treatment was given for an average
of 8 h per day for 5 consecutive days [21].

Conclusions
The present study concludes that KMC and TKS are
equally effective and beneficial for improving weight gain
and mother-child bonding.
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ABSTRACT
Background: Ninety nine percent of maternal and newborn mortality occurs in the developing world,
where more than 50 per cent of the deliveries are still conducted without the assistance of skilled health
personnel. The main reason for high mortality and morbidity is that women do not have access to quality
health services. The skilled attendant is not just a care provider who has been trained to perform skills, but
she is the person to take prompt and emergency action. The health assistants need adequate knowledge
and skill to deal with emergency and reduce maternal mortality rate.
Objectives: To assess the knowledge of Final year B.Sc. Nursing students regarding complications of
instrumental delivery and their management by using structured knowledge questionnaire and to find the
association between knowledge scores and selected demographic variables.
Materials and methods: The conceptual framework of the study was based on modified Dorothy
Johnson’s open system model (1990). The research approach used in this study was descriptive in nature.
Descriptive design is adopted in the study. The study was conducted on 71 Final year B.Sc. Nursing
students of a selected Nursing College, Belgaum, Karnataka. The sampling technique used in the present
study was Convenience sampling technique.
Results: The result of the study showed that majority of the Final year B.Sc. Nursing students, 56 (79%)
had average knowledge, 9 (13%) had poor knowledge and 6 (8%) had good knowledge. The obtained chisquare value for age was 0.5435, sex was 0, religion was 2.157 and source of information was 5.942.
Hence, there was no significant association between the knowledge scores and selected demographic
variables of Final year B.Sc. Nursing Students.
Conclusion: The findings of the study revealed that majority had average knowledge.
Keywords: Instrumental delivery, Knowledge, Final year B.Sc. Nursing students.

INTRODUCTION
Pregnancy and childbirth are special
events in a woman’s life and also in the lives

of the families. This can be a time of great
hope and joyful anticipation. [1]
Operative vaginal delivery or
instrumental delivery refers to a delivery in
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which the operator uses forceps or a vacuum
device to assist the mother in the delivery of
fetus to extra uterine life where the
instrument is applied to the fetal head and
then the operator uses traction to extract the
fetus during the uterine contraction. [2]
Approximately 125 million women
give birth each year. Half of these deliveries
involve complications; over 500,000 women
die every year (1600 per day) due to
complications of pregnancy or childbirth. [3]
India has the largest number of births
(27 million), maternal deaths (estimated at
about 1, 17, 000) and neonatal deaths
(1,098,000) per year in the world. There are
several reasons for the high maternal
mortality rate in India including nonavailability of obstetricians and skilled birth
attendants in rural areas. [4]
Karnataka has a maternal mortality
rate of 178 deaths per 100,000 live births. It
has the highest maternal mortality rate in
southern Indian state, according to data from
the National Family Health Survey and the
government's Sample Registration System.
Karnataka's maternal mortality rate is
slightly below the national average of 212
deaths per 100,000 live births. [5]
Maternal deaths are rising in Belgaum
district; in 2011-12 there were 83 deaths
while in 2012-13, it increased to 98. The
reason is believed to be lack of experts in
the general hospital and Community Health
Centres. According to health officials, the
deaths are due to negligence on part of
women. [6]
The main reason for high mortality
and morbidity is that women do not have
access to quality health services. The skilled
attendant is not just a care provider who has
been trained to perform skills, but she is the
person to take prompt and emergency
action. The health assistants need adequate
knowledge and skill to deal with emergency
and reduce maternal mortality rate. [7]

The FDA released a warning that
vacuum assisted delivery may result in fatal
complications
particularly
subgaleal
haematoma and intracranial haemorrhage
including
subdural,
subarachnoid,
intraventricular
and
intraparenchymal
haemorrhage. [8]
Vacuum extraction fails more often
than
forceps
deliveries.
Sequential
application of these interventions is highly
controversial. The failure of forceps delivery
should lead to a caesarean delivery. Overall,
immediate maternal complications are more
common for forceps deliveries than vacuum
extraction deliveries. Vacuum extraction
tends to reduce the number of episiotomies,
first and second degree perineal lesions and
damage to the anal sphincter. The rates of
immediate neonatal mortality and morbidity
are similar for forceps and vacuum
extraction deliveries. [9]
Forceps delivery leads to maternal
complications like haemorrhage, trauma or
soft tissue injury in the perineum, vagina or
cervix, dysuria or urinary retention, etc
where postnatal morbidity is higher in any
birth intervention. [10]
Vacuum extractor is less likely to
achieve a successful vaginal delivery than
the forceps. Cephalohematoma is more
associated with ventouse delivery while
facial and cranial injuries are more common
with forceps delivery. Approximately 20%
failure of the ventouse may arise which is
more likely in the presence of excessive
caput and also due to inexperienced health
members. [10]
There is a higher incidence of
cephalohematoma, retinal haemorrhage and
low Apgar scores at five minutes with the
use of vacuum during delivery. Higher use
of an alternative instrument after the failure
of vacuum extraction contributed to the
worse neonatal outcomes. [11]
Out of approximately 15,000 babies
delivered with forceps, 0.12% had a seizure
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at birth and 0.3% for the newborns delivered
by vacuum or C-section. [12]
Instrumental vaginal delivery is a
key element of essential obstetric care,
scaling up its use in resource poor countries
through training. Supply of appropriate
equipment
is
likely to
contribute
significantly to reduced maternal and
newborn morbidity/mortality. [13]
The major factor determining the
safety of the instrument is the operator
rather than the instrument. Skilled operator
can used either method of the delivery.
Encouraging operative vaginal deliveries
may help to reduce the raised caesarean
section rates. So, the art of instrumental
delivery using either vacuum or forceps
should be taught well to the health
personnels. [14]
MATERIALS AND METHODS
The present study was conducted to
assess
the
knowledge
regarding
complications of instrumental delivery and

their management among Final year B.Sc.
Nursing students of a selected Nursing
College, Belgaum, Karnataka by using
descriptive design with a descriptive
approach. Non-probability convenience
sampling technique was used to select the
subjects.
Structured
knowledge
questionnaire was used to collect the data.
The tool used in the study consists of two
parts:
Part-I:
Information on demographic
variables of the respondents containing 4
items: age, sex, religion and source of
information.
Part-II: Structured knowledge questionnaire
of 35 items related to complications of
instrumental delivery and their management.
For the 35 items related to complications of
instrumental delivery and their management,
each correct answer was awarded with a
score of ‘1’ and a score of ‘0’ was awarded
for the wrong answer. The data obtained was
analyzed in terms of descriptive analysis and
inferential statistics.

RESULTS
1). Findings related to socio-demographic variables of Final year B.Sc. Nursing students:
Table 1: Frequency and percentage distribution of Final year B.Sc. Nursing students according to socio-demographic variables:
Sl. No. Socio demographic variables frequency (f)
Percentage (%)
1.
Age in years
a. 19-20
2
2.81 (%)
b. 21-22
69
97.19 (%)
c. 23-24
0
0 (%)
d. 25 and above
0
0 (%)
2.
Sex
a. Male
0
0 (%)
b. Female
71
100 (%)
3.
Religion
a. Hindu
19
26.76 (%)
b. Christian
51
71.83 (%)
c. Muslim
1
1.41 (%)
d. Others
0
0 (%)
4.
Source of information
a. Textbooks
37
52.12 (%)
b. Teachers
10
14.08 (%)
c. Hospital posting
23
32.39 (%)
d. Others
1
1.41 (%)

Table 1 showed that majority of
Final year B.Sc. Nursing students, 69
(97.19%) were in the age group of 21-22

n=71

years and 2 (2.81%) of them were in the age
group of 19-20 years. Seventy one (100%)
of the students was female. Majority of
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them, 51 (71.83%) were Christian, 19
(26.76%) of them were Hindu and 1 (1.41%)
of them were Muslim. Majority of the, 37
(52.12%)
gained
information
from
textbooks, 23 (32.39%) gained from hospital

posting, 10 (14.08%) gained from teachers
and 1 (1.41%) gained from other sources.
2). Findings on knowledge regarding
complications of instrumental delivery
and their management among Final year
B.Sc. Nursing students:

Table 2: Frequency (f) and percentage (%) distribution of knowledge scores among Final year B.Sc. Nursing students. n=71
Sl. No. Knowledge score
Frequency(f) Percentage(%)
1.
Good (X+SD)
6
8%
2.
Average (X-SD) (X+SD) 56
79%
3.

Poor (X-SD)

Table 2 revealed that majority of the
students, 56 (79%) had average knowledge,
9 (13%) had poor knowledge and 6 (8%)
had good knowledge.

9

13%

3). Data describing association between
knowledge
scores
and
selected
demographic variables of Final year B.Sc.
Nursing Students:

Table 3: Association between the knowledge scores of the subjects with selected demographic variables.
Sl. No. Variables
Good Average Poor Chi-square (2)
Calculated Tabulated
Value
Value
1.
Age in years
a. 19-20
0
2
0
0.5435
12.592
b. 21-22
6
54
9
NS
c. 23-24
0
0
0
d. 25 and above
0
0
0
2.
Sex
a. Male
0
0
0
0
5.991
b. Female
6
56
9
NS
3.
Religion
a. Hindu
1
17
1
2.157
12.592
b. Christian
5
38
8
NS
c. Muslim
0
1
0
d. Others
0
0
0
4.
Source of information
a. Textbooks
2
32
3
5.9429
12.592
b. Teachers
0
8
2
NS
c. Hospital posting
4
15
4
d. Others
0
1
0
NS: Non significant

Table 3 revealed that the calculated chisquare value for age, sex, religion and
source of information was less than the chisquare table value. Hence, there was no
significant
association
between
the
knowledge and age, sex, religion, source of
information of the Final year B.Sc. Nursing
students.
DISCUSSION
The findings of the study have been
discussed under the following headings:

n=71

1. Findings related to socio-demographic
variables of Final year B.Sc. Nursing
students.
Age:
The present study revealed that
majority of Final year B.Sc. Nursing
students, 69 (97.19%) were in the age group
of 21-22 years and 2 (2.81%) of them were
in the age group of 19-20 years.
The present study is contradictory to
the study conducted by Nimbargi RM
among the staff nurses where maximum of
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them were in the age group of 31-35 years
(38%). [15]
Sex:
The present study revealed that 71
(100%) of the Final year B.Sc. Nursing
students were female.
Religion:
Majority of the Final year B.Sc.
Nursing students, 51 (71.83%) were
Christian, 19 (26.76%) of them were Hindu
and 1 (1.41%) of them were Muslim.
The present study is contradictory to
the study conducted by Nimbargi RM
among the staff nurses where majority, 25
(50%) of them were Hindu. [15]
Source of information:
Majority of the Final year B.Sc.
Nursing students, 37 (52.12%) gained
information from textbooks, 23 (32.39%)
gained from hospital posting, 10 (14.08%)
gained from teachers and 1 (1.41%) gained
from other sources.
The present study is contradictory to
the study conducted by Nimbargi RM
among the staff nurses where majority,
22(44%) of them gained information from
Internet. [15]
2. Findings on knowledge regarding
complications of instrumental delivery
and their management among Final year
B.Sc. Nursing students.
Findings on knowledge regarding
complications of instrumental delivery and
their management among Final year B.Sc.
Nursing students revealed that majority of
the students, 56 (79%) had average
knowledge, 9 (13%) had poor knowledge
and 6 (8%) had good knowledge.
The present study is supported by the
study conducted by Nimbargi RM to assess
the effectiveness of structured teaching
programme on knowledge regarding
complications of instrumental delivery and
their management among staff nurses
working in maternity units of selected

hospitals at Bagalkot. The findings showed
that majority of staff nurses (24%) had
average knowledge, 70 % had inadequate
knowledge and only 6% had adequate
knowledge. [15]
3. Data describing association between
knowledge
scores
and
selected
demographic variables of 4th year B.Sc.
Nursing Students.
The obtained chi-square value for all
the selected demographic variables such as
age (2=0.5435, df=6), sex (2=0, df=2),
religion (2=2.157, df=6) and source of
information (2=5.9429, df=6) was less than
the table value which showed that there was
no significant association between the
knowledge scores and selected demographic
variables of Final year B.Sc. Nursing
Students.
The present study is contradictory to
the study conducted by Nimbargi RM
among the staff nurses where there was
significant
association
between
the
knowledge scores and selected demographic
variables. [15]
CONCLUSION
Based on the findings of the study, the
following conclusions were drawn:
1. Majority of Final year B.Sc. Nursing
students, 69 (97.19%) were in the
age group of 21-22 years and 2
(2.81%) of them were in the age
group of 19-20 years.
2. Seventy one (100%) of the Final year
B.Sc. Nursing students were female.
3. Majority of the Final year B.Sc.
Nursing students, 51 (71.83%) were
Christian, 19 (26.76%) of them were
Hindu and 1 (1.41%) of them were
Muslim.
4. Majority of the Final year B.Sc.
Nursing students, 37 (52.12%)
gained information from textbooks,
23 (32.39%) gained from hospital
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posting, 10 (14.08%) gained from
teachers and 1 (1.41%) gained from
other sources.
5. There was no significant association
between the knowledge scores and
demographic variables like age, sex,
religion, source of information of the
Final year B.Sc. Nursing students.
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Emergence of influenza A (H1N1)
India – A molecular approach
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Abstract
Background: A disease outbreak of A (H1N1) PDM09 was reported in Andaman and Nicobar islands in 2009
with an attack rate of 33.5% among settler population and 26.3% among the aboriginal Nicobarese tribe. During
the ongoing outbreak of A (H1N1) PDM09 disease in different parts of the world, a subject working in Dubai
city of Saudi Arabia, came to Port Blair, following which the pandemic triggered for the first time in these Islands.
Materials and Methods: During the period August 2009 to January 2011, 30 confirmed cases of Influenza A (H1N1)
PDM09 virus infection was detected. To understand the genetic relationship, the NA gene sequences of the viruses
were phylogenetically analysed together along with the virus sequence isolated from other parts of the world.
Result: Formation of multiple clusters were observed, with the sequences of Andaman Islands, mainland India, Mexico,
Saudi Arabia and few other counties clustering together. The sequence analysis data revealed that there was no specific
mutation conferring resistance to oseltamivir among the Andaman A (H1N1) PDM09 virus isolates. The result of
phylogenetic analysis have also revealed that the A (H1N1) PDM09 virus might have spread in these remote Islands of
India via the subject from Saudi Arabia/Dubai. Conclusion: A (H1N1) PDM09 Influenza outbreak have highlighted the
need to strengthen the region-specific pandemic preparedness plans and surveillance strategies.
Key words: Genetic distance, H1N1, mutation, NA gene, pandemic, phylogenetic analysis

Introduction
Influenza pandemics are typically characterised by higher,
but widely varying, number of deaths than are seasonal
epidemics.[1] In June 2009, WHO declared a global influenza
pandemic,[2] the first for over four decades. Influenza A is
unique among the major pandemic threats in that it could
potentially infect 30% of the world’s population within a
matter of months. Respiratory and cardiovascular deaths
associated with 2009 pandemic influenza A H1N1 resulted
in 151700-575400 deaths during the first year of virus
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circulation in every country in the world.[3] The deaths caused
by H1N1 pandemic flu in its first year (2009-10) could be
15 times higher than the number of laboratory-confirmed
deaths previously reported to the World Health
Organization.[3] Report of the first confirmed case of influenza
A (H1N1) PDM09 was from Mexico on April 23 2009,[4]
whereas in India first confirmed case was reported on
16 May 2009.[5] The Andaman and Nicobar Islands, a Union
Territory of India, is an archipelago of 555 islands/islets
stretching over 700 km from north to south in the Bay of
Bengal. The territory is situated about 150 km (93 mi.)
north of Aceh in Indonesia and is separated from Thailand
and Burma by the Andaman Sea. Thirty-eight islands are
inhabited, with a population of approximately 3.8 lakhs.
Andaman and Nicobar Islands are divided into 3 districts
namely North and Middle Andaman district (Headquarters:
Mayabunder), South Andaman district (Headquarters: Port
Blair) and Nicobar District (Headquarters: Car Nicobar).
Health care in the islands is almost entirely under the
government sector (provided by three district hospitals in
the district and by Community Health Centres and Primary
Health Centres in the more peripheral regions) and is
provided by the Directorate of Health Services.[6]
The first outbreak of Influenza A (H1N1) PDM09 was
reported in Andaman and Nicobar islands in 2009 with an
attack rate of 33.5% among settler population and 26.3%
among the aboriginal Nicobarese tribe.[7] However, no death
occurred during the period and all the patients recovered
without any complications.
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During the ongoing outbreak of influenza A (H1N1)
PDM09 in mainland India, influenza-like illness (ILI) was
observed for the first time in a 14-year-old girl, residing
in Mayabunder (North Andaman), who was visited by a
relative from Dubai prior to the development of the illness.
She was immediately quarantined and put on treatment with
Tamiflu. Her sample collected and tested post treatment
and was found negative by real time-polymerase chain
reaction (RT-PCR) for Influenza A (H1N1) PDM09.
After the outbreak, several sporadic cases of ILI
were observed among the inhabitants of Andaman and
Nicobar islands, but all the samples were tested negative.
Unavailability of proper testing facility, improper storage
condition during the transport, and delay in transportation
to the laboratory in mainland India might have played a role
in negative diagnosis of the sample. Thereafter, an outbreak
of ILI was reported among the inmates of a training camp
of the Annual Naval National Cadet Corps (NCC) during
the last week of September. Of the 319 camp participants,
107 (33.5%) suffered with ILI. Eleven samples were collected
and tested, of which 7 (63.6%) samples were tested positive
for influenza A (H1N1) PDM09.[7] Among the confirmed
cases, few subjects belong to the locality, where the first
case of ILI was reported. In the present study, an attempt
was made to understand the emergence of this virus in these
remote Islands of India based on molecular tools.
During the period between August 2009 to January 2011,
Influenza A (H1N1) PDM09 virus infection was confirmed
in 30 cases from various parts of Andaman and Nicobar
islands with no history of visit to mainland India or other
parts of the world prior to the infection. Throat swabs were
collected from all these 30 patients [Table 1] and transported
to Regional Medical Research Centre (RMRC) laboratory
in viral transport media maintaining cold condition. Viral
RNA was extracted from these 30 throat swabs and subjected
to RT-PCR, using QIAamp viral RNA minikit (Qiagen,
Hilden, Germany). RT-PCR was performed to amplify
298 bp of the neuraminidase (NA) gene using specific primers
(forward:
5′-ACACAAGAGTCTGAATGTGCATGT-3′;
reverse:
5′-GTCTCCGAAAATCCCACTGCATAT-3′).[8]
Direct sequencing of PCR products was performed by using a
Big-Dye Terminator v3.1 cycle sequencing reaction kit on an
ABI PRISM 3130 DNA analyser (Applied Biosystems, Foster
City, CA, USA). The sequence data was analysed using
the SeqScape software (Applied Biosystems, Foster City,
CA, USA). To understand the genetic relationship of these
30 viruses that were prevalent in mainland India and other
parts of the world, the NA gene sequences of the viruses were
phylogenetically analysed together employing MEGA 4.0.[9]
Only the sequences of the strains isolated from Homosapiens
were taken into consideration.
The pair-wise genetic distance (K2P) among
isolates of Andaman was 0.00 percentage. No genetic
distances (K2P = 0.00) were found between Andaman
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Table 1: Demographic details of the patients from whom
throat samples were collected and tested positive
Lab ID
Age (in
Locality/area
Date of
year)/sex
collection
SW-PB 03
16/M
Port Blair
29.09.09
SW-PB 04
16/M
Port Blair
29.09.09
SW-PB 06
14/M
Port Blair
29.09.09
SW-PB 07
14/M
Port Blair
29.09.09
SW-PB 11
15/M
Port Blair
30.09.09
SW-PB 14
15/M
Port Blair
30.09.09
SW-PB 18
13/F
Port Blair
01.10.09
SW-PB 25
31/M
Port Blair
03.10.09
SW-PB 28
13/F
Port Blair
03.10.09
SW-PB 35
25/F
Port Blair
05.10.09
SW-PB 44
43/M
Port Blair
08.10.09
SW-PB 46
12/M
Port Blair
09.10.09
SW-PB 47
22/M
Port Blair
08.10.09
SW-PB 50
18/M
Port Blair
10.10.09
SW-PB 51
12/M
Port Blair
12.10.09
SW-PB 52
8/M
Car Nicobar
11.10.09
SW-PB 53
19/M
Car Nicobar
11.10.09
SW-PB 59
20/M
Car Nicobar
12.10.09
SW-PB 66
04/M
Car Nicobar
11.10.09
SW-PB 68
19/M
Car Nicobar
13.10.09
SW-PB 74
27/M
Port Blair
18.10.09
SW-PB 75
25/M
Port Blair
22.10.09
SW-PB 76
38/M
Port Blair
22.10.09
SW-PB 79
11/M
Port Bair
26.10.09
SW-PB 86
6
Chawra
02.11.09
months/F
(Nicobar district)
SW-PB 92
16/F
Port Blair
17.12.09
SW-PB 99
36/M
Port Blair
07.07.10
SW-PB 101
46/F
Port Blair
12.07.10
SW-PB 103
27/F
Port Blair
12.07.10
SW-PB 105
50/M
Port Blair
18.07.10
isolates and the sequence of the virus isolated from some
part of the mainland India including Delhi, Mumbai
and Nagpur. However, genetic distance was 0.007 for
Bangaluru, 0.003 for Pune and Hyderabad.
Further analysis was done with sequences of the
A (H1N1) PDM09 viruses isolated worldwide during two
different years of 2009 and 2010 (retrieved from NCBI
nucleotide database). Formation of multiple clusters
were observed, with the sequences of Andaman Islands,
mainland India, Mexico, Saudi Arabia and few other
countries clustering together [Figure 1]. The pair- wise
genetic distance between isolates of Andaman and Saudi
Arabia (HQ698879, HQ698879) was 0.00 per cent. The
result of phylogenetic analysis revealed that the influenza
A (H1N1) PDM09 virus might have spread to these remote
Islands of India through the infected person from Saudi
Arabia/Dubai, who on his way home to Kerala visited the
girl in Mayabunder. The infected person was working in
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Dubai city of Saudi Arabia, and visited Port Blair (Capital
city of Andaman and Nicobar islands) during mid-August
to meet his relatives residing in Mayabunder and travelled
to his native, Kerala, after a stay of 2-3 days in this Island.
Immediately after reaching Kerala, he had ILI and was
diagnosed with A (H1N1) PDM09 and subsequently died.
He might have got infected by the virus in Dubai and
developed symptoms once he reached Kerala. Since he did
not develop any symptoms immediately, he was not detected
at the entry point in Chennai.
Although the pair-wise genetic distance of virus
sequences from several other countries was 0.00 per cent,
there was no history of any travel to these islands made
from these countries as the foreign nationals were
thoroughly screened at the entry point in Chennai and
Kolkata. In the present study, the NS gene sequence
effectively helped in understanding the emergence of the
virus in these remote islands of India.
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The sequence analysis of NA region revealed that
there was no specific mutation conferring resistance
to oseltamivir among the Andaman Influenza
A (H1N1) PDM09 virus from both tribal and non-tribal
population. Majority of the drug resistant cases were
reported where oseltamivir was given as preventive
medication to people exposed to the flu but not tested
positive themselves. Before the 2007/08 season, resistance
of influenza viruses to the NA inhibitors (NAIs) oseltamivir
and zanamivir was only detected rarely, as the NA amino
acid substitutions that conferred reduced susceptibility
or resistance to these drugs had deleterious effects on
the function of the NA and hence on the viruses ability
to replicate and transmit.[10-12] However, increased use
of antiviral drugs in certain regions of the world and
stockpiling of antiviral drugs for use during a pandemic,
increased the need for systematic surveillance of anti-viral
resistance.[13]

Figure 1: Phylogenetic tree of Influenza A(H1N1)PDM09 virus isolated from Andaman and Nicobar Islands analysed with the sequences from
worldwide
www.ijmm.org
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In the backdrop of re-emergence of the virus in mainland
India, there is a possibility of the virus re-invading these
remote Islands. Since the resistance towards oseltamivir
has already been reported from several parts of the world
like USA, Australia, and South east Asia[14-16] there exist
an impending danger of circulation of these mutated virus
strains in these remote islands. As use of anti-viral drugs
continues to grow, further reports of drug-resistance viruses
are certain to occur. All influenza strains, but especially
A (H1N1) virus, need to be monitored for resistance to
NAIs to evaluate the effectiveness of the treatment for both
seasonal and potential pandemic influenza viruses.
The study also highlights the importance of the
nonstructural (NS) gene sequence, in tracking the virus
and understanding the evolution overtime. The Influenza
A (H1N1) virus outbreak has highlighted the need to
strengthen the region-specific pandemic preparedness
plans and surveillance strategies. To delay or prevent
influenza entry into these remote islands, influenza
screening needs to be considerably more effective. During
the inter-epidemic period, major international intervention
is required for international air travel in the dissemination
of emerging and re-emerging infectious diseases. It
should consider system-wise approaches, including
exit screening, standardised health declarations, active
screening of individual passengers (using rapid laboratory
tests and thermal scanning), and passengers tracking and
circumstances, where airline should be suspended entirely.
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SUMMARY
This study is a part of the surveillance study on childhood diarrhoea in the Andaman and Nicobar
Islands; here we report the drug resistance pattern of recent isolates of Shigella spp. (2006–2011)
obtained as part of that study and compare it with that of Shigella isolates obtained earlier
during 2000–2005. During 2006–2011, stool samples from paediatric diarrhoea patients were
collected and processed for isolation and identiﬁcation of Shigella spp. Susceptibility to 22
antimicrobial drugs was tested and minimum inhibitory concentrations were determined for
third-generation cephalosporins, quinolones, amoxicillin-clavulanic acid combinations and
gentamicin. A wide spectrum of antibiotic resistance was observed in the Shigella strains obtained
during 2006–2011. The proportions of resistant strains showed an increase from 2000–2005 to
2006–2011 in 20/22 antibiotics tested. The number of drug resistance patterns increased from 13 in
2000–2005 to 43 in 2006–2011. Resistance to newer generation ﬂuoroquinolones, third-generation
cephalosporins and augmentin, which was not observed during 2000–2005, appeared during
2006–2011. The frequency of resistance in Shigella isolates has increased substantially between
2000–2006 and 2006–2011, with a wide spectrum of resistance. At present, the option for
antimicrobial therapy in shigellosis in Andaman is limited to a small number of drugs.
Key words: Antibiotic resistance, diarrhoea, paediatrics, resistance to drugs.

I N T RO D U C T I O N
Shigella is a major cause of dysentery throughout the
world and is responsible for 5–10% of diarrhoeal illness in many areas [1]. It has been estimated that
* Address for correspondence: Dr S. Roy, Scientist-E/Deputy
Director, Regional Medical Research Centre, Indian Council of
Medical Research, Department of Health Research, Government
of India, opposite KLES Hospital, Nehru Nagar, Belgaum
590010, Karnataka, India.
(Email: roys@icmr.org.in or drsubarnaroy@gmail.com)

91 million individuals worldwide contract shigellosis
each year of which 1·1 million die [2]. About, 410 000
(40%) of these deaths occur in Asian children [3].
Antibiotic therapy reduces the duration and severity
of shigellosis and is therefore recommended for the
treatment of moderate to severe dysentery [4]. Appropriate antibiotic treatment of shigellosis depends
on identifying resistance patterns [5]. Rapid emergence of resistance warrants the need for continuous
monitoring of sensitivity patterns [6, 7] and the choice

Widening of antibiotic resistance in Shigella, 2000–2011
of antibiotic should be governed by periodically
updated local antibiotic sensitivity patterns of Shigella
isolates [4].
Hospital-based bacteriological surveillance has identiﬁed shigellosis as endemic and a major cause of acute
childhood diarrhoea in the Andaman and Nicobar
Islands [8, 9], a centrally administered territory of
India with a population of about 380 000. The distribution of Shigella spp. and serotypes has changed
over time [8, 10] as have their drug resistance patterns.
The major objective of this study was to analyse the
trends in antimicrobial resistance in Shigella isolated
from these remote islands of India over a period of
12 years (2000–2011), and to describe the distribution
of Shigella serotypes and their resistant phenotypes.

PAT I E N T S A N D S A M P L E S
A total of 162 Shigella isolates obtained from
1886 paediatric diarrhoea cases (0–14 years) during
2000–2011 were included in the study. The study
was approved by the Regional Medical Research
Centre Ethics Clearance Committee. All the Shigella
strains were identiﬁed, conﬁrmed following standard
techniques and serotyped using commercially available antisera (Denka Seiken Co. Ltd, Japan) [11].

Antimicrobial susceptibility testing
Antibiotic susceptibility testing was performed following the disk diffusion method [12]; 22 commercially
available disks (HiMedia Laboratories, India) of ampicillin (AMP), amoxicillin-clavulanic acid/augmentin
(AMC), azithromycin (AZM), carbenicillin (CAR),
imipenem (IMP), amikacin (AMK), chloramphenicol
(CHL), co-trimoxazole (CoT), nalidixic acid (NAL),
norﬂoxacin (NOR), ciproﬂoxacin (CIP), oﬂoxacin
(OFX), gatiﬂoxacin (GAT), gentamicin (GEN), nitrofurantoin (NIT), tetracycline (TET), cephalothin
(CEF), cefuroxime (CXM), ceﬁxime (CFM), ceftriaxone (CRO), cefotaxime (CTX) and ceftazidime
(CAZ). Escherichia coli ATCC 25 922 and Staphylococcus aureus ATCC 25 923 were included in each
test as control strains. Extended spectrum β-lactamase
(ESBL) production was detected using the double-disk
synergy method with ceftazidime-clavulanic acid
(CAC, 30/10 μg) and ceftriaxone-clavulanic acid
(CAC, 30/10 μg) [13]. The minimum inhibitory concentration (MIC) for cephalosporins (ceftriaxone,
ceftazidime, cefotaxime), quinolones (nalidixic acid,
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ciproﬂoxacin, norﬂoxacin), augmentin and gentamicin
were determined by E-test (AB Biodisk, Sweden).
Statistical analysis
The study period was divided into two equal periods
of 6 years each, 2000–2005 and 2006–2011. The antibiotic sensitivity (ABST) pattern of these 74 Shigella
strains obtained during 2000–2005 were compared
and statistically analysed with the ABST patterns of
the 88 Shigella strains obtained during 2006–2011.
The proportions of isolated Shigella strains resistant
to each of the antibacterial drugs were calculated. Proportions of all Shigella strains resistant to each drug
in 2000–2005 and in 2006–2011 were compared and
statistical signiﬁcance was tested by χ2 test using Epi
Info v. 7 software (www.cdc.gov/epiinfo/). A P value
of <0·05 was considered statistically signiﬁcant.
R E S ULTS
Serotype distribution
The age distribution of 1886 diarrhoea patients who
were positive for Shigella ranged from 6 months to
12 years (mean age 3·5 years) with 66% being male.
Of the 162 Shigella isolates, 88 (54·3%) were
S. ﬂexneri, 55 (33·9%) S. sonnei, 11 (9%) S. dysenteriae, and eight (2%) S. boydii (Table 1). Of S. ﬂexneri
isolated, subserotype 2a (35·2%) accounted for
the majority of cases followed by 4a (3·7%), 3a
(3·1%), 1a (2·5%) and X variant (2·5%) (Table 1).
In S. dysenteriae, subserotype 2 (3·7%) was the prevalent subserotype followed by subserotype 1 (1·8%).
S. sonnei was observed to be competing with the
S. ﬂexneri counterpart as the predominant serotype
isolated in the years 2003, 2005 and 2009.
Resistant trends
A wide spectrum of antibiotic resistance was observed
in the Shigella strains isolated during 2006–2011
(Table 2). All the Shigella strains isolated during this
period were resistant to ampicillin. Resistance to tetracycline and co-trimoxazole was observed in 81 (92%)
and 70 (79%) isolates, respectively. During the study
period, out of 88 Shigella strains, 85 (97%) were
nalidixic acid resistant, 11 of which were sensitive to
the ﬂuoroquinolones. Norﬂoxacin resistance was
observed in 72 (82%) Shigella strains, 67 (76%) were
ciproﬂoxacin resistant and 63 (72%) were oﬂoxacin
resistant, respectively (Table 2). The MICs of the
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Species

2000
(N = 12)

2001
(N = 7)

2002
(N = 14)

2003
(N = 13)

2004
(N = 18)

2005
(N = 10)

2006
(N = 3)

2007
(N = 3)

2008
(N = 27)

2009
(N = 17)

2010
(N = 32)

2011
(N = 6)

Overall
(N = 162)

S. ﬂexneri
2a
2b
4a
3b
3a
1a
1b
6
X
Y

4 (33·3)
—
—
—
—
—
—
—
—
—

—
—
1 (14·3)
—
1 (14·3)
—
—
—
—
—

1 (7·1)
2 (14·3)
—
—
1 (7·1)
3 (21·4)
3 (21·4)
—
1 (7·1)
—

1 (7·7)
—
—
—
—
—
—
—
1 (7·7)
—

6 (33·3)
1 (5·5)
1 (5·5)
—
1 (5·5)
—
—
1 (5·5)
—
2 (11·1)

1 (10·0)
—
—
—
1 (10·0)
—
—
—
—
—

2 (66·7)
—
—
—
—
—
—
—
—
—

3 (100·0)
—
—
—
—
—
—
—
—
—

17 (62·9)
—
3 (11·1)
2 (7·4)
—
—
—
—
—
—

6 (35·3)
—
—
—
—
—
—
1 (5·9)
—
—

13 (41·0)
—
1 (3·1)
—
1 (3·1)
1 (3·1)
—
—
2 (6·3)
—

3 (50·0)
—
—
—
—
—
—
—
—
—

57 (35·2)
3 (1·8)
6 (3·7)
2 (1·2)
5 (3·1)
4 (2·5)
3 (1·8)
2 (1·2)
4 (2·5)
2 (1·2)

S. sonnei
S. dysenteriae
1
2
3
5

1 (8·3)

5 (7·1)

10 (76·9)

6 (33·3)

8 (80·0)

—

—

2 (7·4)

8 (47·1)

11 (34·4)

2 (33·3)

55 (33·9)

—
1 (8·3)
—
—

—
—
—
—

2 (14·3)
—
—
—
—
1 (7·1)

1 (7·7)
—
—
—

—
—
—
—

—
—
—
—

1 (33·3)
—
—
—

—
—
—
—

—
3 (11·1)
—
—

1 (5·9)
—
1 (5·9)
—

—
2 (6·3)
—
—

—
—
—
—

3 (1·8)
6 (3·7)
1 (0·6)
1 (0·6)

S. boydii 1

6 (50·0)

—

—

—

—

—

—

—

—

—

1 (27·7)

8 (4·9)

Values given are n (%).

1 (3·1)
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Table 1. The serotype distribution of Shigella isolates in the Andaman Islands during 2000–2011

Table 2. Proportions of Shigella isolates from the Andaman Islands resistant to various antibacterial drugs during 2000–2005 and 2006–2011 and statistical
signiﬁcance of the difference (χ2 test)
Resistance
2006–2011

Antimicrobial agents

Values given are % (n).

S. ﬂexneri
(N = 55)

S. sonnei
(N = 23)

S. dysenteriae
(N = 8)

S. boydii
(N = 2)

All Shigella
isolates
(N = 88)

S. ﬂexneri
(N = 33)

S. sonnei
(N = 32)

S. dysenteriae
(N = 3)

S. boydii
(N = 6)

All Shigella
isolates
(N = 74)

100·0 (55)
96·4 (53)
94·5 (52)
87·3 (48)
74·5 (41)
76·4 (42)
74·5 (41)
74·5 (41)
29·1 (16)
29·1 (16)
29·1 (16)
36·4 (20)
41·8 (23)
25·5 (14)
21·8 (12)
16·4 (9)
16·4 (9)
16·4 (9)
16·4 (9)
16·4 (9)

100·0 (23)
100·0 (23)
82·6 (19)
73·9 (17)
91·3 (21)
73·9 (17)
65·2 (15)
21·7 (5)
78·3 (18)
52·2 (12)
47·8 (11)
34·8 (8)
4·3 (1)
8·7 (2)
13·0 (3)
8·7 (2)
8·7 (2)
8·7 (2)
8·7 (2)
8·7 (2)

100·0 (8)
87·5 (7)
100·0 (8)
75·0 (6)
75·0 (6)
87·5 (7)
75·0 (6)
75·0 (6)
87·5 (7)
62·5 (5)
75·0 (6)
62·5 (5)
37·5 (3)
50·0 (4)
25·0 (2)
37·5 (3)
37·5 (3)
37·5 (3)
37·5 (3)
37·5 (3)

100·0 (2)
100·0 (2)
100·0 (2)
50·0 (1)
100·0 (2)
50·0 (1)
50·0 (1)
50·0 (1)
100·0 (2)
50·0 (1)
50·0 (1)
50·0 (1)
00·0 (0)
50·0 (1)
100·0 (2)
50·0 (1)
50·0 (1)
50·0 (1)
50·0 (1)
50·0 (1)

100·0 (88)
96·6 (85)
92·0 (81)
81·8 (72)
79·5 (70)
76·1 (67)
71·6 (63)
60·2 (53)
48·8 (43)
38·6 (34)
38·6 (34)
38·6 (34)
30·6 (27)
23·8 (21)
21·5 (19)
17·0 (15)
17·0 (15)
17·0 (15)
17·0 (15)
17·0 (15)

51·5 (17)
45·5 (15)
51·5 (17)
0
81·8 (27)
0
0
0
0
0
0
0
36·4 (12)
0
0
0
0
0
0
0

37·5 (12)
100·0 (32)
68·8 (22)
6·3 (2)
100·0 (32)
6·3 (2)
0
0
0
0
0
0
03·1 (1)
0
0
0
0
0
0
0

66·7 (2)
33·3 (1)
66·7 (2)
33·3 (1)
66·7 (2)
33·3 (1)
0
0
0
0
0
0
33·3 (1)
0
0
0
0
0
0
0

50·0 (3)
0
0
0
16·7 (1)
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

45·9 (34)
64·9 (48)
55·4 (41)
4·1 (3)
83·7 (62)
4·1 (3)
0·0 (0)
0·0 (0)
0·0 (0)
0·0 (0)
0·0 (0)
0·0 (0)
18·9 (14)
0·0 (0)
0·0 (0)
0·0 (0)
0·0 (0)
0·0 (0)
0·0 (0)
0·0 (0)

7·3 (4)
0

4·3 (1)
0

37·5 (3)
0

50·0 (1)
0

10·2 (9)
0

0
0

6·3 (2)
0

0
0

0
0

2·7 (2)
0 (0·0)

P value
<0·05
0.000002
0.000001
<0·05
0·625018
<0·05
<0·05
<0·05
<0·05
<0·05
<0·05
<0·05
0·125047
0·000002
0·000062
0·000548
0·000548
0·000548
0·000548
0·000548
0·113457
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Ampicillin
Nalidixic acid
Tetracycline
Norﬂoxacin
Co-trimoxazole
Ciproﬂoxacin
Oﬂoxacin
Carbenicillin
Azithromycin
Amikacin
Gatiﬂoxacin
Cephalothin (cephalexin)
Chloramphenicol
Cefuroxime
Gentamicin
Ceﬁxime
Ceftriaxone
Cefotaxime
Ceftazidime
Amoxicillin-clavulanic
acid (augmentin)
Nitrofurantoin
Imipenem
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2000–2005
2006–2011

Fig. 1. Prevalence of antibiotic resistance in Shigella strains from the Andaman Islands obtained during 2000–2005 and
2006–2011.

isolates ranged from 64 to >256 μg/ml for nalidixic
acid, 4 to >256 μg/ml for ciproﬂoxacin and 16 to
>256 μg/ml for norﬂoxacin. Fifteen (17%) stains of
Shigella spp. were resistant to all four third-generation
cephalosporins (ceﬁxime, ceftriaxone, cefotaxime, ceftazidime) tested. The MICs of the resistant isolates
ranged from 32 to >256 μg/ml for ceftriaxone, 4 to
>256 μg/ml for cefotaxime, 4 to >256 μg/ml for ceftazidime and 4 to >256 μg/ml for amoxicillin-clavulanic
acid, which are all above the breakpoint for reduced
susceptibility according to Clinical and Laboratory
Standards Institute (CLSI) guidelines [11]. All of
the cephalosporin-resistant Shigella strains were
conﬁrmed as producing ESBLs by combination disk
test. Of aminoglycosides, gentamicin resistance was
observed in 19 (22%) (MIC 0·5 to >256 μg/ml) and
amikacin resistance in 34 (39%) strains (Table 2).
Azithromycin resistance was observed in 43 (49%)
Shigella strains isolated during 2006–2011.
Of the Shigella isolates obtained during 2000–2005,
nalidixic acid, tetracycline and co-trimoxazole were
the only three drugs against which more than 50%
of the strains showed resistance during 2006–2011
there were eight drugs, including ampicillin,

norﬂoxacin, ciproﬂoxacin, oﬂoxacin, and carbenicillin, to which more than 50% of the strains were resistant (Table 2). The proportions of resistant strains
showed an increase from 2000–2005 to 2006–2011 in
20/22 antibiotics tested, the only exception being cotrimoxazole and imipenem (Table 2, Fig. 1). All the
strains were susceptible to imipenem. A decrease
(83·7% to 79·5%) in resistance to co-trimoxazole was
observed (Fig. 1). The increase in the proportions
of resistant strains between 2000–2005 and
2006–2011 was statistically signiﬁcant at the 5% level
in 18/21 drugs against which resistance was observed
(Table 2). The most marked increases in the prevalence of resistance were against nalidixic acid
(64·9–96·6%), ampicillin (45·9–100%), norﬂoxacin
(4·1–81·8%), ciproﬂoxacin (4·1–76·1%), tetracycline
(55·4–92%), oﬂoxacin (0–71·6%) and carbenicillin
(0–60·2%) (Table 2). In 2000–2005, the number of
drug resistance patterns observed was only 13 whereas
during 2006–2011 a total of 43 patterns were observed, indicating a widening of the spectrum of drug resistance during the intervening period. In 2000–2005,
only 14 (19%) of the isolated strains were resistant
to more than three drugs and none was resistant to
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Fig. 2. Distribution of Shigella strains isolated from the Andaman Islands in 2000–2005 and 2006–2011 by the number of
antimicrobials the strain is resistant to.

more than ﬁve drugs whereas during 2006–2011, 80/88
isolated strains (91%) were resistant to more than ﬁve
drugs. The median number of drugs shigellae were resistant to was three in 2000–2005 and 10 during 2006–
2011 (Fig. 2). Two different clusters of drug resistance
were observed in the Shigella strains of 2006–2011. In
addition to the major cluster of 10, another cluster was
also observed (n = 20).

DI SC US S IO N
In the present study, S. ﬂexneri in general and 2a
serotype in particular were observed to be the most
frequent and predominant serotype isolated in
the islands, with S. sonnei occasionally competing.
S. sonnei and S. ﬂexneri have been observed to be
the predominant Shigella spp. in developed and
developing countries, respectively [14, 15]. However,
several reports of the predominance of S. sonnei
have been reported from less developed and developing countries [15–19].
Changing patterns of antimicrobial susceptibilities
and acquisition of resistance by enteric pathogens
to increasing number of antibacterial drugs is becoming a serious problem, particularly in developing
countries where shigellosis is a common occurrence
[13, 20].

The present study demonstrates the increasing prevalence and spectrum of antimicrobial resistance of
Shigella isolates during the last decade in these
islands.
Resistance to ampicillin used to treat shigellosis in
young children, was observed in the 1990s in the
islands [8, 9]. This has been increasing over the years
and at present all the isolates are resistant to this
drug. Prevalence of resistance to tetracycline showed
a tenfold increase from 9% to 94% during this decade.
Resistance to nalidixic acid was ﬁrst reported in these
islands in the late 1990s [21] and by 2006–2011 almost
all the isolated strains had become resistant to it.
Subsequently other quinolones such as norﬂoxacin,
ciproﬂoxacin and oﬂoxacin became the primary
choice for antibacterial therapy; however, at present
more than 80% of the strains are resistant to these.
Although ﬂuoroquinolones are recommended as the
drugs of choice for shigellosis by the World Health
Organization [22], emergence of ﬂuoroquinolone resistance in Shigella spp. has now been documented
in many countries [23–25]. The present study shows
that Shigella strains in the islands are rapidly acquiring resistance to alternate drugs such as thirdgeneration cephalosporins which are being used
commonly at present. Some of the drugs such as
nitrofurantoin and aminoglycosides were included
although these are not recommended for treatment
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of shigellosis, resistance to these could be used as a
phenotypic characteristic to study the evolution of
the pathogen over a period of time.
Widespread selective pressure and efﬁcient dissemination channels for multidrug-resistant organisms are
major factors that might have contributed to the rapid
emergence and spread of resistant organisms [26]. The
genetic transfer of drug resistance genes may not be of
immediate concern for the treating shigellosis patients,
but will pose a potential problem in the future.
Antibiotic use is a main driver of selection pressure
that contributes to resistance. Most antibiotics are
used unnecessarily, in commercially driven agriculture, and by physicians uncertain of a diagnosis or
treating largely self-limiting bacterial or viral infections. Multiple genetic factors (plasmid and chromosomal-borne resistant determinants and efﬂux pump
mediated) together with the increasing and indiscriminate use of antibiotics created the opportunity for the
emergence of highly resistant clinical isolates associated with multidrug resistance [27].
The study conﬁrmed that older antimicrobials,
such as ampicillin, co-trimoxazole, tetracycline and
nalidixic acid, no longer have a place in the treatment
of shigellosis. The emergence of resistance to several
new drugs such as ﬂouroquinolones, third-generation
cephalosoprins, and macrolides in shigellae is a
cause of great concern not only at the local level but
at regional and national levels also. Spread of antibiotic resistance has been recognized by the WHO
as an extremely serious problem as it greatly complicates the treatment of infectious diseases. Therefore
there is an urgent need to ﬁght the spread of antibiotic
resistance. The need for new antibiotics to address the
emerging resistance microorganisms cannot be overstated. To complement the strategy of introducing
new drugs onto the market, concerted action must
be taken now to conserve existing drugs. Strategies
to realign economic incentives, ﬁll information gaps,
and minimize interruptions in the supply chain will require no less innovation [28]. Proof that antibiotic prescribing contributes to resistance in the individual
patient and not just at the societal level is the kind
of evidence that needs to be communicated to clinicians [29, 30]. In the present scenario of the rapid
emergence of wide spectrum of drug resistance, developing a vaccine against the most prevalent strain
may be a suitable alternative. Therefore, any shift
in the trends of seroprevalence and antimicrobial
resistance patterns of shigellae strains needs to be
monitored very carefully in any geographical region.

CO N CL US I O N
The wide distribution of multidrug-resistant Shigella
isolates and the emergence of ESBL-producing and
ﬂuoroquinolone-resistant isolates clearly emphasizes
the need for strict control of antimicrobial prescriptions, improved sanitation and vaccine development,
rather than new antibiotics, as a long-term solution
to the problem that disproportionately affects developing countries. A network of laboratories for realtime monitoring of antibiotic resistance in enteric
pathogens and timely dissemination of such information to clinicians for modiﬁcation of treatment
strategy is a pressing need. For far too long antimicrobial resistance has been an unrecognized and
neglected problem. The time to act is now.
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Abstract
Aim: The aim of the present study was to evaluate the bactericidal activity of propylene glycol, glycerine,
polyethylene glycol 400 (PEG 400), and polyethylene glycol 1000 (PEG 1000) against selected microorganisms
in vitro. Materials and Methods: Five vehicles, namely propylene glycol, glycerine, PEG 400, PEG 1000, and
combination of propylene glycol with PEG 400, were tested for their bactericidal activity. The minimum
bactericidal concentration was noted against four standard strains of organisms, i.e. Streptococcus mutans
American Type Culture Collection (ATCC) 25175, Streptococcus mutans ATCC 12598, Enterococcus faecalis
ATCC 35550, and Escherichia coli ATCC 25922, using broth dilution assay. Successful endodontic therapy depends
upon thorough disinfection of root canals. In some refractory cases, routine endodontic therapy is not sufficient,
so intracanal medicaments are used for proper disinfection of canals. Intracanal medicaments are dispensed
with vehicles which aid in increased diffusion through the dentinal tubules and improve their efficacy. Among
the various vehicles used, glycerine is easily available, whereas others like propylene glycol and polyethylene
glycol have to be procured from appropriate sources. Also, these vehicles, being viscous, aid in sustained release
of the medicaments and improve their handling properties. The most commonly used intracanal medicaments
like calcium hydroxide are ineffective on many microorganisms, while most of the other medicaments like
MTAD (Mixture of Tetracycline, an Acid, and a Detergent) and Triple Antibiotic Paste (TAP) consist of antibiotics
which can lead to development of antibiotic resistance among microorganisms. Thus, in order to use safer and
equally effective intracanal medicaments, newer alternatives like chlorhexidine gluconate, ozonized water, etc., are
being explored. Similarly, the five vehicles mentioned above are being tested for their antimicrobial activity in
this study. Results: All vehicles exhibited bactericidal activity at 100% concentration. Conclusion: Propylene glycol
was effective against three organisms namely S. mutans E. faecalis and E. coli and its bactericidal activity was at
50%, 25% and 50% respectively. PEG 1000 was effective against S. mutans and E. coli at 25%. Hence propylene
glycol was effective on more number of organisms of which E. faecalis is a known resistant species. PEG 1000 was
bactericidal at a lower concentration but was effective on two organisms only.

Key words: Bactericidal activity, broth dilution, minimum bactericidal concentration, minimum inhibitory
concentration, polyethylene glycol 400 and polyethylene glycol 1000, propylene glycol
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INTRODUCTION
Last three decades have been very challenging, especially
due to the global menace of developing antibiotic
resistance.[1] Newer drugs are being discovered
with millions and billions being invested in drug
research.[2] Instead, the need for developing newer
alternatives or unexplored properties of existing agents
Journal of International Society of Preventive and Community Dentistry

114

Nalawade, et al.: Bactericidal activity of various vehicles

which can enhance the activity of pre‑existing drugs or
antibiotics is definitely a viable option.[3] For instance,
in the field of Endodontics, both pediatric and adult,
intracanal medicaments are commonly used for proper
disinfection of the root canals, especially in refractory
cases. Proper disinfection is the mainstay for successful
endodontic therapy and it is achieved through the
collective effects of biomechanical preparation,
irrigation, and intracanal medication.[4‑6]
Furthermore, previous studies have shown that
bacteria in infected root canals and also periapical
tissues (especially furcation area in primary molars)
reside deep within dentine, cementum, and periapical
tissues too.[7,8] In order to reach these areas effectively,
enhanced penetration is attained by means of intracanal
medicaments used along with carriers or vehicles, for
example, propylene glycol.[9]
One of the properties which have been
under‑investigated is whether these vehicles or
the so‑called “excipients” in Pharmaceutics have
antimicrobial property or activity on their own. If
they really possess antimicrobial activity, they can be
used as an effective alternative for disinfection of root
canals, with reduced probability of development of
antibiotic resistance. In view of the above‑mentioned
facts, we planned to study the antimicrobial activity of
the vehicles propylene glycol, glycerin, polyethylene
glycol 400 (PEG 400), polyethylene glycol 1000 (PEG
1000), and a combination of propylene glycol and PEG
400, as this might shed some light on the ideal vehicle
for intracanal medicaments. Polyethylene glycol is also
referred to as “Macrogol” and the number denotes
its molecular weight. Higher the number, higher is its
viscosity.[10] The combination of propylene glycol with
Macrogol was first used in dentistry in vivo by Takushige
et al., whereas PEG 1000 was used in vitro recently by
Carreira et al.[11,12] To the best of our knowledge and
literature search, no study of the bactericidal activity of
these vehicles and their comparison has been conducted
till date.

as minimum inhibitory concentration (MIC) can
be readily converted to the minimum bactericidal
concentration (MBC). Triplicates were performed for
each of the standard strains.
•
•

•

•

Culture media: Brain Heart Infusion (BHI) broth
Test organisms: Four micro‑organisms were
selected for the study: Streptococcus mutans
American Type Culture Collection (ATCC) 25175,
Staphylococcus aureus ATCC 12598, Enterococcus faecalis
ATCC 35550, and Escherichia coli ATCC 25922
[Figure 1]. All microorganisms were previously
subcultured in appropriate media and under gaseous
conditions to confirm their purity at 35°C for 48 h
prior to testing of the vehicles
Inoculum preparation: The growth method or the
log phase method was performed as follows. At
least three to five well‑isolated colonies of the same
morphological type were selected from an agar
culture plate. The top of each colony was touched
with a loop, and the growth was transferred into a
tube containing 4–5 ml of BHI broth. The broth
culture was incubated at 35°C for 2–6 h until
it achieved the turbidity of the 0.5 McFarland
standard. The turbidity of actively growing broth
culture was adjusted with broth to obtain a final
turbidity optically comparable to that of the 0.5
McFarland standard, done visually by comparing
the inoculum tube and the standard against a white
card with contrasting black lines
Broth dilution method: A total of 10 tubes were
taken and nine dilutions of the vehicle were done
with BHI for MIC and MBC. In the initial tube,
only 200 µl of vehicle was added. For further
dilutions, 200 µl of BHI broth was added to the
next nine tubes separately. In the second tube,

a

b

c

d

MATERIALS AND METHODS
This study was carried out in Dr Prabhakar Kore Basic
Science Research Centre, KLE University, Belgaum.
It was approved by the Institutional Review Board of
KLE University (Ref No. KLEU/Ethic/14‑15/D‑73)
and it is a part of an ongoing ex vivo study. The
susceptibility of the test organisms to propylene glycol,
glycerine, PEG 400, PEG 1000, and propylene glycol
with PEG 400 was assessed using broth dilution assay,

Figure 1: Standard strains against which bactericidal activity of
the five vehicles was checked: (a) Streptococcus mutans ATCC
25175; (b) Staphylococcus aureus ATCC 12598; (c) Enterococcus
faecalis ATCC 35550; (d) Escherichia coli ATCC 25922
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•

•

200 µl of vehicle was added which already contained
200 µl of BHI broth. This was considered as
10−1 dilution. From the 10−1 diluted tube, 200 µl
was transferred to the second tube to make 10−2
dilution. The serial dilution was repeated up to 10−8
dilution for each vehicle. From the maintained stock
cultures of the required organisms, 5 µl was taken
and added to 2 ml of BHI broth. In each serially
diluted tube, 200 µl of the above culture suspension
was added. The last tube contained only the media
and the culture suspension, i.e. the growth control.
The tubes were kept for incubation for 24 h at
37°C in bacteriological incubator and observed for
turbidity [Figure 2]
MBC: After recording the lowest concentration
inhibiting the growth of organisms as MIC, all the
tubes not showing visible growth were subcultured
on BHI agar along with the control tube,
i.e., growth control, and incubated overnight. The
amount of growth was noted; no growth indicated
the whole inoculum was killed and this highest
dilution showing 99.99% inhibition was recorded as
MBC [Figure 3][13]
Triplicates were performed for each of the standard
strains. The experimental data were collected and
statistically analyzed using Fisher’s exact test.

RESULTS
The MBC results for the vehicles are shown in
Table 1. The results showed that all vehicles did exhibit
bactericidal activity on the selected microorganisms at
different concentrations. Out of all the vehicles, PEG
1000 was the most effective antimicrobial vehicle while
glycerine was the least effective on the basis of its MIC.
Propylene glycol was the second most effective against
all microorganisms except Sta. aureus.

a

b

c

d

The combination of propylene glycol and PEG 400 did
not show any synergistic antimicrobial activity and, in
fact, its efficacy decreased against Str. mutans, En. faecalis,
and Es. coli, in comparison to propylene glycol alone.
PEG 1000 was most effective bactericidal agent against
Str. mutans and Es. coli among all the five vehicles and
the difference was statistically significant (Fisher’s
exact test: P = 0.003 and P = 0.004, respectively). For
Sta. aureus and En. faecalis, none of the five vehicles
showed statistically significant difference in their
bactericidal activity (Fisher’s exact test: P = 1 and
P = 0.326, respectively).

DISCUSSION
In endodontic therapy, few cases do not respond to
the conventional therapy in the pediatric and adult
Table 1: Bactericidal activity of vehicles against
ATCC strains of Str. mutans, Sta. aureus,
En. faecalis and Es. coli
Vehicles
Str.
Sta.
En.
Es.
mutans
aureus
faecalis
coli
(%)
(%)
(%)
(%)
PG
Glycerine
PEG 400
PEG 1000
PG+PEG 400

100
100
100
100
100

25
100
100
100
100

50
100
100
25
100

c

b

d

Figure 2: Susceptibility of Eschericia coli ATCC 25922 to (a)
Propylene glycol, (b) Glycerine, (c) PEG 400, (d) PEG 1000 and (e)
Propylene glycol with PEG 400 assessed using Broth dilution assay

50
100
100
25
100

PEG=Polyethylene glycol, PG=Propylene glycol

a

e
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Among all the ATCC strains of microorganisms,
Str. mutans and Es. coli were the most susceptible to the
vehicles, En. faecalis exhibited intermediate susceptibility,
and Sta. aureus was the most resistant to all the vehicles.

e

Figure 3: Minimum Bactericidal Concentration (MBC) of Eschericia
coli ATCC 25922 to (a) Propylene glycol, (b)glycerine, (c) PEG 400,
(d) PEG 1000 and (e) Propylene glycol with PEG 400 was assessed
after being subcultured on BHI agar
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Endodontics. This difficulty to treat such refractory
cases may be due to many reasons such as anatomic
variation, presence of biofilms, and development of
antibiotic resistance.[9] To overcome the problem of
the global menace of developing antibiotic resistance,
the use of alternative medications and substances or a
combination of pharmaceutical excipients is suggested
to increase the spectrum of antimicrobial action.[3]
The most difficult to tackle is facultative anaerobes, as
they are the ones that develop resistance most of the
time.[14]
The use of intracanal medicaments becomes mandatory
in Endodontics as many non‑vital and abscessed teeth
lack blood circulation. As a result of this, systemic
antibiotics fail to reach the site of infection and,
hence, such infections cannot be treated.[15] Also, local
drug delivery and sustained release along with better
diffusion into the surrounding periradicular tissues may
prove to be an added advantage.[9,16] The vehicles used
to dispense the intracanal medicaments have a direct
influence on the release, time of onset of action of the
medicament, penetration of the intracanal medicaments
into dentinal tubules, and also the dissociation of
drugs. The in vitro bactericidal activity of a variety of
glycols, especially monopropylene, dipropylene, and
triethylene, has been investigated more extensively.
The bactericidal activity of PEG 400 had been studied
almost three decades ago by Vaamonde et al. in 1982
and Chirfe et al. in 1983,[17] whereas the antimicrobial
effect of PEG 1000 has been studied only recently.[12]
The antimicrobial activity of PEG 1000 might be related
to the hydrophilic property of PEG. Removal of water
possibly does not allow microbial growth, as a certain
amount of water is essential for the multiplication and
development of microbes.[12] It is interesting to note that
PEG 1000, like propylene glycol, also allowed greater
dentinal penetration when combined with intracanal
medicaments.[9] After a thorough review of literature,
we have not come across a single article which
explores and compares the bactericidal activity of these
pharmaceutical excipients.
Also, after a series of in vitro and in situ studies, the
Cariology Research Unit of the Niigata University
School of Dentistry developed the concept of 3M‑MP,
in which 3M stands for triple mix of antibiotics and
MP stands for Macrogol, i.e. polyethylene glycol,
and propylene glycol, respectively.[11,18] This group of
investigators have carried out extensive research on
the most ideal antibiotics to be used for disinfection
of dentinal tubules, but there is only one such
study regarding penetration of propylene glycol

as vehicle for intracanal medicament.[9] Propylene
glycol is a known antimicrobial and is an effective
preservative.[19] A recent article by Carreira et al.
published in 2007 has thrown some light on the
phenomenon of synergism in bactericidal activity,
which was observed in Ciprofloxacin–PEG 1000
association, Metronidazole–PEG 1000 association, and
Ciprofloxacin–Metronidazole–PEG 1000 combination.
Also, PEG 400 produced severe plasmolysis, cell
wall collapse, and finger‑like extrusions in Klebsiella
pneumonia.[20] Promising results have been shown by
PEG‑coated nanoparticles which were found to be most
effective in killing Es. coli, Sta. aureus, and multi‑drug
resistant clinical isolates of Shigella spp. and Vibrio
cholera.[21] Of all the vehicles being used in Endodontics,
camphorated monochlorophenol (CMCP) is effective
but tissue toxic, whereas distilled water possesses no
antimicrobial activity.[22]
In our study, all vehicles exhibited antimicrobial activity
at 100% concentration. We chose broth dilution over
agar well diffusion, as the diffusion of vehicles through
agar would be difficult due to them being viscous. Of
them, propylene glycol exhibited maximum activity
against En. faecalis, which was otherwise the least
susceptible to the remaining vehicles. In 1965, Olitzky
reported that propylene glycol is a known antimicrobial
with marked germicidal activity.[23] Glycerine exhibited
activity only at 100% concentration and, therefore, was
the least effective antimicrobial. This is in accordance
with the results observed by Antony et al. in 1997.[24]
Other studies demonstrated bactericidal activity at 30%
and 25% concentration but at a longer incubation
time, i.e. after 48 h and 7 days, which is contrary to the
findings of the present study.[25]
PEG 400, glycerine, and propylene glycol combination
with PEG 400 showed similar bactericidal activity
at 100% concentration only, against all the selected
organisms. PEG 1000 showed bactericidal activity at the
lowest concentration, i.e. at 25% against Str. mutans and
Es. coli, but it exhibited bactericidal activity against Sta.
aureus and En. faecalis, the most resistant of the selected
standard strains, at 100% concentration only.
Str. mutans and Es. coli were the most susceptible
organisms. Susceptibility of Str. mutans and Es. coli to
25% of PEG 1000 is in accordance with the findings
by Carreira et al., but the results of Sta. aureus and En.
faecalis vary and are not in agreement, which might be
due to the selection of different standard strains. The
results of the antimicrobial activity of PEG 400 and
glycerine are contrary to the findings of Gomes et al.,
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which could be because they had used agar diffusion
method to test the antimicrobial activity. The negative
results may be due to their inability to diffuse through
agar due to their viscous nature and not necessarily
due to the absence of antimicrobial activity.[12,26] Both
PEG and propylene glycol possess low toxicity and
are well‑recognized vehicles for drugs.[10,27] Also, they
result in better handling properties of the resulting
paste.[22] Combination of propylene glycol with PEG
400 exhibited a non‑synergistic effect. PEG 400 has an
inherent advantage that it does not interact with other
components of the paste and exerts its antibacterial
activity because it has a low water activity.[28]
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Abstract
The general public’s view of modern diet and human health has undergone drastic changes in recent years.
There is general harmony that many chronic health problems, first noted in Western countries but progressively
flourished worldwide, relate mainly to diet. There is far less consensus, however, about the dietary factors implicated
in such health problems. This lack of understanding has opened the door to a propagation of different
recommendations as to the best diet for modern humans. Let me note that all human alive today are member of the
same species, Homo sapiens, and as such, all are fully “modern” humans. Dietary fats are a key example. Since the
anti-fat health education initiatives of the 1980’s and early 1990’s, certain dietary fats have been increasingly
recognized as actually beneficial to health. Diet conscious like the mainstream populace, are now getting the
message that wise dietary fat choices offer essential fatty acids, blood lipid management, maintained endocrine and
immune function, inflammation control, metabolic effects and even potential body composition and performance
benefits. Toward this end, many companies now sell specialty dietary fat supplements and recognized health
authorities have begun recommending them to certain population. Increasingly, the average consumer has come to
regard the supermarket as obstacle of conflicting and potentially dangerous dietary decisions: low fat, high fat, no
fat; no meat, less fatty meat; no eggs, one egg a week, unlimited eggs; less carbohydrate, more whole grains, no
cereal products; more fruit, less sugar; and so on. Too much confusing information is available, much attention is
paid by the popular press and public to fad diets and preliminary dietary findings, and too little attention is paid to
serious dietary recommendation. The present review of studies aims to strengthen our knowledge regarding the
dietary requirements, food sources, and potential benefits, Modern food and its impact on human health. Practical
suggestions for incorporating healthy fats will be made. Both food-source and supplemental intakes will be
addressed with interrelationships to health throughout.

Keywords: Modern diet; Dietary food; Human health; Fat; Diseases;
Lifestyle and junk food

Introduction
Unfortunately, today’s world has been adapted to a system of
consumption of foods which has several adverse effects on human
health. Lifestyle changes has compelled us so much that one has so
little time to really think what we are eating is a healthy diet!
Globalization has seriously affected one’s eating habits and enforced
many people to consume fancy and high calorie fast foods, popularly
known as Junk foods [1]. Research into the possible health hazards on
consumption of such high calorie foods has given an insight to avoid
them, but unfortunately measures taken are not as effective as they
need to be. Ailments like Obesity, food poisoning, dehydration, cardiac
problems diabetes mellitus, and arthritis have seen a profound rise in
developing countries and such unhealthy junk food, processed food,
high fat calorie consumption are the notable factors to its contribution.
This global problem of consuming unhealthy diet on a large scale and
its impact on human health need to be emphasized and inculcate
health education which can greatly contribute to its limited
consumption and switching over to healthy eating habits for the better
living. Knowledge emphasizing about the eating habits, nutritional
diet, and quality of unhealthy foods, their health impact and preventive
measures should be given to create awareness and render health
J Nutr Food Sci
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education for a change towards healthy food eating practices [2].
Dietary fat has both suffered and enjoyed large swings in public and
scientific consensus over past decades. The fat-reduction public
education initiatives of the 1980’s and 1990’s [3], although credited
with lower cardiovascular mortality, have also been linked to overconsumption of dietary carbohydrate and the obesity epidemic facing
Western culture [4].
An increased recognition of the types of dietary fat has broadened
scientific understanding beyond simply saturated and unsaturated fatty
acids. Further, researchers have referred to the potency of various
dietary lipids as pharmaceutical in nature [5]. For instance,
monounsaturated fatty acids, as common to the Mediterranean diet,
may reduce cardiovascular risks beyond any effects on plasma lipids,
such as via blood pressure normalized glucose tolerance [6]. Highly
unsaturated omega-3 fatty acids found in cold water fish reduce
inflammation, mediate psychiatric function [7], alter neuro-endocrine
activity, and decrease cardiac mortality [8]. A less common fatty acid
found in dairy and beef, conjugated linoleic acid (CLA), has the ability
to dramatically alter body composition in animal models [9]. This type
of Understanding is leading to changes in both dietary
recommendations, and a wide variety of dietary lipid supplements
[10]. Traditional nutrition is a science to provide basic nutrients to the
body. However, when nutrition especially absorption of energy
substances exceeds the demands of the body or even accumulates
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excessively in the body more energy consumption is required to
dispose the superfluous storage. The body has a perfect nutrition
sensing and counting system to maintain a balance among caloric
absorption, storage, and utilization. This forms the nutritional sensing
system as the major components that absorb and control nutrition
through calcium channels, sodium-potassium pumps, and autonomic
nervous system. Nutrient-sensing system with mammalian target of
rapamycin (mTOR) as the major component can control nutrition
storage, distribution, and utilization in-vivo. Disordered control can
lead to metabolic diseases and even cancer. Excessive nutrition is
closely correlated with appetite disorders. Appetite control depends on
dietary structure and lifestyle, autonomic nervous and Gastro
Intestinal (GI) mucosa sensing systems, and interactions between
various ingredients in foods and corresponding receptors. Therefore,
understanding the interfaces between Modern food and its impact on
health have been reviewed from various resources and have been
systematically presented, so as to emphasize its ill effects and measures
to be adapted towards healthy living.

Modern Diet
Basic nutrients, such as carbohydrates, fats, and proteins, are the
basis of all life activities. They constitute the carbon skeleton of various
functional molecules, and provide energy through oxidative
decomposition. Traditionally, the main aim of nutrition is prevent and
treat nutritional deficiencies. However, when nutrition is adequate or
excessive, the body faces the problems of quantitative control of the
nutrients absorption and storage. Over nutrition, especially absorption
and storage of energy, can not only affect health but also cause many
diseases such as diabetes, cardiovascular diseases, obesity,
hypertension, and hyperlipidemia. Further, over nutrition reduces
reproductive capacity and promotes the development of various
cancers that will seriously affect quality of life, survival, and
reproduction in human beings. Because of over nutrition, nutriology
based on nutritional requirements cannot make recommendations for
nutrient intake in daily life because nutrient absorption, energy
storage, and oxidative energy supply control vary from person to
person. Even during evolution, nutritional experience seems to be
recorded in the nucleosomes and DNA, which involves all aspects of
nutrient sensing, cell communication, metabolic regulation, gene
expression, and epigenetic modifications. However, food intake is a
fundamental activity of the human body and is a source of energy.
Modern diet relates to ‘Junk food’ that simply means an empty
calorie food. An empty calorie food is a high calorie or calorie rich
food which lacks in micronutrients such as carbohydrates, proteins,
vitamins, minerals, or amino acids, and fiber but has high energy
(calories).These foods does not contain the nutrients that your body
needs to stay healthy. Hence, this food that has poor dietetic values is
considered unhealthy and may be called as junk food [11]. Junk food is
an informal term applied to some foods which are perceived to have
little or no nutritional value, but which also have ingredients
considered unhealthy when eaten regularly, or to those considered
unhealthy to consume at all. The term junk food was coined as slang in
the public interest in 1972 by Michael Jacobson, Director of the Center
for Science, Washington DC [12]. What makes these foods to be called
as Junk is that it contains high levels of refined sugar, white flour, trans
fat and polyunsaturated fat, salt, and numerous food additives such as
monosodium glutamate and tartrazine at the same time it is lacking in
proteins, vitamins, essential minerals, fiber, among other healthy
attributes. These foods have little enzyme producing vitamins and
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minerals and but contain high level of calories in their place. A food
that is high in fat, sodium, and sugar and provides high calories yet
useless in value is generally known as a junk food which the present
generation has adapted it as modern diet. On the contrary, junk food is
easy to carry, purchase and consume [13]. Generally, a modern diet is
given a very attractive appearance by adding food additives and colors
to enhance flavor, texture and for increasing long shelf life.
Recent variations and trends in food, nutrition, physical activity,
overweight and obesity. People’s diets reflect the times and situations in
which they live. It is only relatively recent in history that urban–
industrial ways of life have evolved, with many or most people living in
towns and cities rather than in the countryside. In much of Asian and
African countries most people still live in rural communities, and
farmworker-agricultural and urban-industrial ways of life still coexist
in most countries. Such patterns change very rapidly as countries
become increasingly urbanized and industrialized. The different food
systems and diets that are part of these diverse ways of life affecting
people’s levels of physical activity, their body composition and
physique, their life expectancy, and patterns of disease, including
cancer. With the move to urban–industrial ways of life, populations
have become taller and heavier, their life expectancy has increased, and
they are usually adequately nourished (although poverty, and even
destitution, remains a major problem in most big cities). On the other
hand, urban populations are at increased risk of chronic diseases such
as obesity, type 2 diabetes, coronary heart disease, and also some
cancers.

Human Health
Health does not simply mean ‘absence of disease’ or ‘physical
fitness’. It could be defined as a state of complete physical, mental and
social well-being. When people are healthy, they are more efficient at
work. This increases productivity and brings economic prosperity.
Health also increases longevity of people and reduces infant and
maternal mortality. Balanced diet, personal hygiene and regular
exercise are very important to maintain good health. Awareness about
diseases and their effect on different bodily functions, vaccination
(immunization) against infectious diseases, proper disposal of wastes,
control of vectors and maintenance of hygienic food and water
resources are necessary for achieving good health. Diseases can be
broadly grouped into infectious and non-infectious. Diseases which
are easily transmitted from one person to another are called infectious
diseases. Infectious diseases are very common and every one of us
suffers from these at some time or other. Some of the infectious
diseases like AIDS are fatal. Among non-infectious diseases, cancer is
the major cause of death. Drug and alcohol abuse also affect our health
adversely. Modern diet has certainly carved up the third World due to
globalization [14]. It is an integral part of life in the developed and also
the developing world, and coming with it is a massive increase in
obesity and associated problems. The key to eating these junk foods is
moderation, occasional consumption and preferably in small portions.
It is not impossible to win battle with junk foods against healthy foods
[15]. However, one must beware entice is so strong that you will be
addicted.
In term of the relationship between modern diet and health, the
following four key problems have to be addressed: (I) Under-nutrition
causes nutrition deficiency, and over nutrition leads to obesity,
hypertension, hyperlipidemia, diabetes, and cancer. It also highlights
that nutritional requirements of the body may vary among different
individuals with different heredity and family backgrounds, different
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dietary habits, and living in different countries. Even different gut
microbes may affect the requirement of nutrition. Although a research
on personalized nutrition and nutritional genomics is proposed, results
from epigenetic studies have shown that dietary habits and experience
of a person can change epigenetic characteristics through DNA
imprinting and histone modification. This indicates that dietary
requirements are not decided by genome. Diets determine the
expression, regulation, modification, imprinting, and heredity of the
genome without altering DNA sequences. Obviously, this is a challenge
for nutritional genomics. Thus, the problem seems to be at the origin,
i.e., how to provide a scientific diet and formula for different
individuals? (II) Contribution of foods and nutrition to the immune
system is apparent, which is also a hot topic of research on functional
foods. However, increasing number of studies indicate that immune
defense is the first priority of nutrition. Hypo-immunity is only
observed in infants, children, and elderly and in individuals with
diseases and serious nutrition defects. Thus, when nutrition is
abundant, even commonly redundant, excessive immunity can cause
inflammation, autoimmune diseases, and metabolic syndromes. Like a
double-edged sword, immunity can cause diseases when it is too low
or too high. Therefore, the question is what is the appropriate
immunity and how should it be quantified. Unfortunately, no method
is available to quantify the immune system thus far. (III) Another
problem is that precise effect of foods on organs or tissues within the
body is unclear. Some studies have shown that food mainly interacts
with the GI mucous membrane system. Communication between
organs and tissues is established through the circulatory and signaling
systems of the GI tract and inner system. Food does not enter target
organs or tissues directly, which results major problem that we face,
i.e., quantitative description of this complex nonlinear system. The
metabolic and cellular communication networks provide feasible ways
and can be evaluated by obtaining only a few millimeter cube of
peripheral blood. (IV) Finally the last one is related to Public health
being a social and political concept aimed at the improving health,
prolonging life and improving the quality of life among whole
populations through health promotion, disease prevention and other
forms of health intervention. A distinction has been made in the health
promotion literature between public health and a new public health for
the purposes of emphasizing significantly different approaches to the
description and analysis of the determinants of health, and the
methods of solving public health problems. This new public health is
distinguished by its basis in a comprehensive understanding of the
ways in which lifestyles and living conditions determine health status,
and recognition of the need to mobilize resources and make sound
investments in policies, programmes and services which create,
maintain and protect health by supporting healthy lifestyles and
creating supportive environments for health.

Conclusion
Despite wide differences in opinion among researchers and the
general public over recent years, dietary fats remain a potent regulator
of physiological function. This calls for caution in supplementing more
than a few grams of any uncommon fat per day. Food sources remain
the preferred method of intake in most situations. The various fatty
acids provide perhaps the most important aspect of dietary fat
manipulations, although increasing the percentage of fat in the diet
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also has an impact on exercise and resting metabolism. Nutrition,
especially sensing and absorption of energy substances, not only plays
an important role in the intensity of life activities and storage of energy
substances but also controls aging and lifespan. More activity and rapid
growth result in shorter life expectancy, and less activity and slower
growth result in longer life expectancy. Awareness on junk food facts is
lacking amongst every individual in the community. Eating a healthy
diet is a hard work. The only way to evade junk food is to encourage
eating healthy diet and more of the following foods, which are usually
considered to be a part of a healthy diet. Foods that are low in fat,
saturated fat, and cholesterol high fiber foods, including whole-grain
foods, vegetables and fruits. Foods that have only a moderate amount
of sugar and salt calcium rich foods, to meet daily calcium
requirements. Iron rich foods, to meet daily requirements for iron.
Nutrition science constantly evolves, and future research will better
elucidate the independent and combined roles of modifiable factors
such as physical activity and nutrition on human health. Health
professionals can play a pivotal role in optimizing Modern diet and
human health across the life cycle, particularly during growth and old
age.
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