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MESSAGE

The interdisciplinary nature of research activity has always been the main feature of 

NIN's scientific endeavours. A good blend of basic, clinical and community research and 

right emphasis on appropriate extension programmes and training methodologies have 

helped in the strengthening of institute's research component this year.

I am happy to note that the research work done this year has paved way for the 

transfer of technology relating to double fortification of salt with iron and iodine. 

Commercialization of this technology is now expected to draw the attention of both small 

and large scale industries and make this value added salt available to the common man. 

The interest evinced by the scientists this year in the areas of HIV/AIDS, pre-clinical toxicity 

studies on JE vaccine, use of innovative approaches like positive deviance in community 

health and capacity building in the realm of food and drug safety is indeed commendable. 

I take this opportunity to inform you all of the establishment of a new Research 

Centre in the honour of Dr.Yellapragada SubbaRow, the eminent medical mind of 

yesteryears. This Centre located on the Institute's campus will act as a storehouse for all 

the materials of archival importance – films, monographs, audio-visual material, research 

papers, personal diaries and other priceless documents pertaining to this inimitable genius. 

I hope that this Centre, which is expected to start functioning this year, would attract the 

attention of the younger generation towards the works of this remarkable scientist. 

I extend my best wishes to all the staff of this institute and hope that their research 

endeavours address the hitherto unmet needs, especially of the marginalized sections of 

our society.         
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The hallmark of sound research is adoption The study revealed that a high proportion of 
of new scientific techniques and approaches women opt for institutional deliveries and a 
tailor-made for the changing needs and majority of the home deliveries are conducted by 
situations. Several such novel needs were Trained Birth Attendants (TBAs) in the PD areas 
utilized this year both in the basic as well as as compared to control areas. Recording of birth 
applied research fields. Use of positive deviance weights of newborns was significantly higher in 
approach in community nutrition, integrated PD areas, as compared to control areas. 
feeding and care interventions, Integrated Similarly, a significantly higher proportion of 
Behavioural and Biological Assessment to study mothers fed colostrum, and initiated breast-
HIV-related aspects and commercialization of feeding within 3 hours of delivery. Initiation of 
fortification (of salt) technology are some such complementary feeding at 6 months of age 
examples. The Food and Drug Toxicology among children currently aged 12-23 months 
Research Centre (FDTRC) also carried out a was significantly higher in PD areas. A 
series of community based and laboratory - significantly higher proportion of children were 
based investigations to study endemic kidney completely immunized by one year of age; they 
damage in some segments of population, were covered for massive dose vitamin A 
surveys to assess community's perception supplementation and were subjected to regular 
towards practices related to food and drug use, growth monitoring in PD area. The overall 
pre-clinical toxicity of JE vaccine are some prevalence of stunting was significantly lower in 
research  investigations done at the division. PD area as compared to control area.
This year also witnessed the accelerated  growth 
of the Centre for Advanced Research for        
Pre-clinical Toxicity established in the recent 
past.

In response to UNICEF's request, NIN 
undertook a study entitled “Assessment of 
Nutritional Status of < 5 year children in the 
select districts in the country” to generate 
baseline data, where UNICEF interventions are The 'Positive Deviance' (PD) is an asset 
in operation.based approach, built on the belief that in every 

community  there exists few mothers with A total of 12,879 children were covered from 
special efforts or better child care practices, 9,576 households in 480 villages of 16 districts 
which enable them to prevent undernutrition representing 13 States. About 57-98% women 
among their children, compared to their reportedly fed colostrum to their newborns and 
counterparts, who live in similar socio - economic about 40-79% of the mothers initiated breast-
background and resources, and are exposed to feeding within 3 hours of delivery, in various 
the same risks from the existing environment”. districts surveyed. About 20-58% of mothers 
The Government of West Bengal, with the reportedly gave pre-lacteal feeds to the 
assistance of UNICEF, initiated PD programme newborn. About 30-87% of the mothers of 6-11 
in 4 districts, utilizing the existing ICDS months children initiated complementary 
infrastructure, to accelerate the process of feeding by the age of 6 months. The proportion of 
reduction and prevention of undernutrition completely immunized among 12-23 months 
among children in the age group of 0-3 years in a children ranged from a low 52% to a high 98%.  
short time. About 33-64% of pre-school children were of 

underweight, while prevalence of stunting and At the request of UNICEF, the National 
wasting  was  in  the  ranges  of  31 - 54% and Institute of Nutrition, carried out the impact 
15-25% respectively in different districts.evaluation of the programme.

1. COMMUNITY STUDIES

1.2 Assessment of Nutritional Status of        
< 5 year children in the select districts in 
the country

1.1 Impact Evaluation of Positive Deviance 
Programme in West Bengal

RESEARCH HIGHLIGHTSRESEARCH HIGHLIGHTS
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2. CLINICAL STUDIES

3. NUTRITION AND INFECTION

4. BASIC STUDIES

2.1.  Assessment of  prevalence of  
osteoporosis in adult population in 
India – An  ICMR Task  Force study 

Insulin resistance and its association 
with zinc and adipokines in young adults

2.2 Double blind Randomized controlled trial 
of zinc supplementation to full term 
infants

4.1 Micronutrients

supplemented children, per 100 days followup 
(6.8±5.6 Vs 8.1±6.53, p=0.048).

A major ICMR Task Force study on the 
prevalence of osteoporosis in adult population in 

It has been shown that there is several fold India has  been completed.  In addition, the 
increase of coronary heart disease from 1960 to assessment of the peak bone mass in population 
1990 in the urban India. A major proportion of who have no constraints to growth has also been 
these patients are relatively young and 35-40% carried out.  
show no major risk factors. Higher triglyceride, 

Preliminary results suggest that the bone lower HDL and increased visceral fat and insulin 
densities of population from the high, middle and resistance have been proposed as reasons for 
low socio-economic groups are significantly the higher risk of CHD and type 2 diabetes. Role 
different.  The bone densities at all the 3 sites  of sub clinical micronutrient deficiency in this 
(hip, spine and forearm)  improve and the phenotype of central obesity and increased 
prevalence of osteoporosis decreases as one insulin resistance and its association with 
goes up the class scale in men and women. adipokines and CHD risk factors in young adults 

(20-30) was studied. Over 43% of women (ages 30+) from the low 
income group are osteoporotic at the spine but 3.5% of the subjects under study had high 
after the age of 60+ years the prevalence of serum glucose values (>=110 mg/dl), a 
osteoporosis is over 90%  when compared to significant proportion (43.8%) of them had poor 
women from the high income group  (16% insulin sensitivity (HOMA >=3.16). A proportion 
overall osteoporosis at the spine after the age of of 36.3% had BMI >=23.0. Adiponectin was 
30+ years and 45% after the age of 60+ years). inversely associated with BMI while resistin was 

comparable. When the subjects were stratified The age at peak bone mass of populations 
based on HOMA, subjects with HOMA >=3.16 who have no constraints to growth appears to be 
had significantly lower Zinc and adiponectin between 25 to 30 years at all the 3 sites and it is 
compared to subjects with HOMA<3.16 group.not very different from the BMD values reported 

from the west.  This study will provide an A significant proportion of young adults have 
important data base for future studies on bone high BMI and insulin resistance as indicated by 
health in India. HOMA. Similar to other reports, adiponectin, an 

adipokine was inversely associated with insulin 
sensitivity. Zinc might have a beneficial role in 
insulin sensitivity. The present study also 
indicates a male predisposition to develop 

Zinc is an important nutrient for growth and insulin resistance and higher BMI associated 
other functions. Results of a randomized with low zinc status.
controlled trial  of over 470 subjects where half of 
them received zinc (5mg/day) and the other half 
received placebo for a period of 14 months, 
showed that there were no significant 
differences in weights or heights between 

Developing strategies for the prevention and supplemented and control children.  There was a 
control of micronutrient deficiencies has been small but significant increase in body fat 
the major focus of the institute. The institute has percentage in supplemented children at 12 
developed operationalized strategies like DFS months of age (20.2±5.34 Vs 19.0±4.4, p=0.02).  
with iron and iodine and whole wheat flour Similarly, mean number of episodes of diarrhoea 
fortified with iron, folic acid and vitamin A. was not significantly different between supple-
Biofortification of staple crops is an emerging mented and control groups (1.46 Vs 1.62) and 
area in the filed of nutrition science. It involves mean diarrheal duration was significantly low in 
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screening, selecting and conventional breeding (Telugu), Divya Bhaskar (Gujarat) and Dainik 
of germplasm for high micronutrient density. Bhaskar (Rajasthan)] with regard to technology 
Department of Biotechnology is funding a transfer of NIN-DFS. In response to the 
networking project on crop biofortification and advertisement, 12 applications from salt 
NIN is coordinating all the nutritional studies manufacturers were received. Furthermore, 
under this project and has become a networking letters have been written to the Secretaries of 
unit for nutritional studies planned under the Women Development and Child Welfare 
DBT's Crop Biofortification Networking project.  Department of all the States & UTs in the country 

(total: 35) advocating the introduction of NIN-
Caco-2 cell line (cell line derived from human 

DFS in nutritional programmes of the States & 
intestinal enterocytes) is an alternative to the 

UTs. The details of DFS according to NIN formula 
laborious animal experimentation and is 

and its large-scale production in factories have 
relatively simple to use it as a screening method 

been published in peer reviewed scientific 
for assessing bioavailability of nutrients. NIN has 

journals.  Therefore, IPR issues are not involved 
established a coupled in vitro digestion/Caco-2 

in the technology transfer.  The modalities of the 
cell iron bioavailability method for screening for 

transfer of technology are being worked out.
iron bioavailability in staple foods. This method 
has been developed using ferritin content of 
Caco-2 cell as a surrogate marker of iron 
bioavailability, measured using an indigenously 
developed ELISA for human serum ferritin. The demand for the Field Kits for testing 
Currently, the target of iron crop biofortification is iodine in iodized salt as well as double fortified 
phytoferritin  and iron bioavailability study in salt and iron in double fortified salt is increasing 
Caco-2 cell with phytoferritin from pea seed day by day. Therefore, the large-scale 
has shown that the pea ferritin is susceptible for production of these kits was taken up. The colour 
gastric and intestinal digestion and the iron gradation card of the kit is replaced by a colour 
bioavailability is similar to that of the chemical gradation sticker with instructions for use and is 
source of iron, ferrous sulphate. pasted on the plastic dropper bottle of the test 

solution. The cost of each of iodine kit is Rs. 7/- 
and the cost of iron kits is Rs. 10/-  and one kit 
can be used  to test 200-250 salt samples. 

The Ministry of Health & Family Welfare, 
Government of India constituted a Technical 
Committee of Experts under the Chairmanship 
of Dr. M. K. Bhan, Secretary of the Department of 
Biotechnology, Government of India on 
“Formulation of guidelines for use of iodine & iron 
double fortified salt (DFS) as a measure to 
reduce prevalence of anaemia” vide letter No. Z 

th28020/16/2005-CH/PH dated 14  July 2005.  Dr. 
Bhan Committee, after detailed deliberations, 
recommended for the commercial production of Impaired chaperone function of a-crystallin could 
DFS according to NIN's formula and to introduce be involved in the formation of diabetic cataract. 
it in nutritional programmes for vulnerable We have demonstrated that in diabetic cataract, 
groups (Recommendations of Dr. Bhan a-crystallin chaperone activity is diminished. 

thCommittee dated 16  November 2006).   Interestingly, dietary cumin delayed progression 
and maturation of diabetic cataract by modulating As per the recommendations of the ICMR 
the chaperone activity of a-crystallin. The Expert Committee on commercialization of DFS, 
antiglycating effect of cumin appears to be the an advertisement was released during 
predominant mechanism for the modulatory December 2006 in newspapers [The Times of 
effect on a-crystallin chaperone activity in India: All editions, Nav Bharat Times (Hindi: 
diabetes and thereby delaying cataract in rats.Mumbai + Delhi), Dinamalar (Tamil), Eenadu 

4.2.2. Commercialization of iodine & iron 
Field Kits

4.2 ISOTOPE DIVISION

5.1.RESEARCH ON CATARACT AND 
RETINAL  DEGENERATION

4.2.1.Commercialization of double fortified 
salt (DFS)

5.1.1 Crystallins in health & disease and 
modulation by dietary factors

5. DEGENERATIVE DISEASES

(I) Modulation of chaperone activity of             
a-crystallin under diabetic cataract by cumin:

v



(ii) Regulation of Expression of -crystallins 
under  diabetic conditions 

Effect of maternal dietary trace element (Mg, Mn, 
Cr and Zn) restriction on the body adiposity and  
insulin resistance  in the  offspring.

(I) Emblica Officinalis and its isolated 
tannoids delayed diabetic cataract in rats 

(ii) Specificity of dietary aldose reductase 
inhibitors

a dietary sources against secondary compli-
cations of diabetes as a food based therapeutic 
approach.

Earlier,  for the first time, elevated 
expression of small heat shock protein, a-
crystallin, in various diabetic tissues and the 
significance of which is being studied was 
reported. Heat shock protein (Hsp) expression is 
regulated transcriptionally by heat shock factors 
(Hsf) and there are three Hsf (Hsf 1, Hsf 2 & Hsf 
4) in vertebrates. Among the three Hsf, Hsf1 
appears to control the expression of a-crystallins 
under diabetic conditions.

In earlier reports WNIN rats that maternal 
chronic magnesium restriction irreversibly 
increased the body fat % and decreased lean 
body mass (LBM), fat free mass (FFM), insulin 
response to glucose challenge in the offspring up 
to 18 months of age. Insulin resistance (HOMA 
IR) which was significantly higher at 6 months of 

Preliminary screening studies and ex vivo age continued to be high till 18 months albeit not 
lens organ culture studies suggest that tannoids significant. In addition to lowered muscle mass 
of amla have significant aldose reductase (decreased LBM & FFM) basal glucose uptake 
inhibitory potential. Results from animal studies was also significantly and irreversibly reduced in 
indicate that Emblica and its tannoids are magnesium restricted (MgR) offspring at 18 
effective against development of diabetic months of age. The increased adiposity was 
cataract in rats mainly by countering the polyol associated with significant hypoleptinemia and 
pathway induced osmotic and oxidative stress. increase in TNF  levels while adiponectin levels 
Moreover, these results indicate that Emblica were unchanged. In line with these observations, 
and its tannoids may act downstream to glucose- expression of fatty acid synthase (FAS) and fatty 
mediated changes. Further, these results have acid transporter protein 1 (FATP1) was 
implications in terms of exploring the ingredients increased in liver and adipose tissue. However, 
of dietary sources for the treatment of diabetic preliminary observations  seem to suggest that 
complications other than diabetic cataract. the observed alterations in the expression of the 

proteins mentioned above may not be due to 
altered levels of corresponding mRNAs. 

Although many aldose reductase inhibitors 
(ARI) have been extensively studied with 
promising results, none have demonstrated 
sufficient efficacy in human clinical trials. The 
likely cause of these side effects is a lack of As part of efforts to generate a database on 
selectivity towards related enzymes involved in the phenolic content of plant foods commonly 
the detoxification of reactive aldehydes, consumed in India and on their health enhancing 
particularly aldehyde reductase  (ALR1). Many effects including antioxidant activity (AOA), the 
ARI are shown to equally interact with aldehyde total phenolic content and AOA (by three 
reductase. During the last three years,  many different methods : FRAP, DPPH – radical 
dietary sources for their potential to inhibit aldose scavenging activity and reducing power) of some 
reductase were screened and found significant commonly consumed cereals, millets, legumes, 
inhibition with some dietary sources. Then the pulses green leafy vegetables, fruits (including 
specificity of these dietary ARI against ALR1 was dry fruits) and spices were determined. In 
investigated. Specific inhibition of aldose general, phenolic content and antioxidant 
reductase by the dietary sources in the study has activities determined by the three different 
given a direction to explore the potential of methods showed a wide range of distribution in 

5.2.1. Foetal programming for adult 
diseases 

5.1.2. Studies on role of functional foods 
and nutraceuticals in degenerative 
conditions

5.2.2. Generation of database on the 
phenolic content and health enhancing 
effects of plant foods commonly 
consumed in India

5.2. STUDIES ON PHYSIOLOGICALLY 
ACTIVE NON-NUTRIENTS IN FOODS

vi



all the types of plant foods studied . Among the 
foods tested the AOA showed the following order 
: spices > vegetables and fruits > legumes and The presence of pesticides in foods and 
pulses > cereals and millets. Correlation analysis beverages is a matter of concern. Some 
indicated that phenolics were correlated variably commonly consumed carbonated drinks were 
with different types of AOA in different classes of analysed for pesticide residues and the report 
foods tested. For example, they were correlated has been submitted to the concerned authorities.
maximally to DPPH radical scavenging activity 
and FRAP in dry fruits, with only FRAP in cereals 
and millets whereas they showed no significant 

In order to create awareness on food safety correlation with any type of AOA in legumes and 
and strengthen food safety monitoring system in pulses. In spices, PC was correlated maximally 
the country, Government of India has initiated with DPPH radical scavenging activity followed 
several projects under overall World Bank by inhibition of auto oxidation of carotene in   
assisted Capacity Building Project. One of the carotene- linoleic acid mixture. 
important components of the project is to 
conduct surveys which cover household and 
street foods. The household survey was carried 
out by FDTRC, NIN with the assistance of four 
regional centres with the objective of 
understanding community perceptions and 
practices related to food and drugs.  A grant of 
Rs. 1.27 crore was given to conduct the survey.  
The survey was conducted in 28 states. NIN was 
nodal centre and regional centre for south.

A community-based cross-sectional study The results  of the survey indicated that 
was carried out during October 2006 in about 64% Indians  are non-vegetarians of 
Uchapally village of Nellore district, Andhra whom 63% store cooked non-vegetarian food at 
Pradesh, India. A total of 52 subjects including 32 room temperature. Only 29% consumed stored 
subjects suffering from kidney related problems food after reheating. Majority of households 
(Group A), (identified by District Health Officials) reported that they buy packed foods, out of 
and 20 apparently normal subjects, randomly whom, only 21% look for symbols on the label.  
selected from the health camp (Group B) for About 54% of respondents did not know or 
comparison was studied. Community based associate diarrhoea as a symptom of foodborne 
cross-sectional study was carried out in disease, while about 56% to 70% did not 
Uchapally village of Andhra Pradesh to know the associate abdominal pain, nausea and vomiting 
cause of endemic kidney damage. as symptoms of foodborne diseases. The 

reported prevalence of foodborne diseases was 
Chronic kidney disease staging was done 

13.2% at household level and 3% at the 
according to MDRD formula (Internet version). 

community level.
As per the formula all the subjects in Group A 

With reference to drug quality, the study were in different stages of kidney disease. Of 
revealed that most of the respondents (84%) them, about 81% were in stage 4 and 13% were 
claim to consult qualified doctor and 80% stated in stage 5 of chronic kidney disease. Similarly, 
that their pharmacists insist on doctors' about 80% of the subjects in Group B were also 
prescription. About 66% of the respondents buy in different stages of kidney disease, with 40% in 
drugs in packed condition and 46% check the stage 2 followed by 20% in stage 3 and 10% in 
expiry date. About 63% on an average are aware stage 4 of chronic kidney disease.
of disposable syringes and out of them atleast 

The higher proportion of osteosclerosis, 75% insist on use of disposable syringes and 
secondary to kidney damage may be due to high needles.  Based on the findings of the survey, the 
levels of strontium and silica in ground water, Ministry of Health and Family Welfare is 
which is the only drinking water source in the developing intervention strategies to ensure total 
village. food and drug safety in the country.

6. FOOD AND DRUG TOXICOLOGY 
RESEARCH  CENTRE

6.1 Food Toxicology 

6.1.2. Multicentric study on analysis of 
pesticide residues in sugar samples

6.1.3. Capacity Building Project on Food 
and Drug Safety

6.1.1.Exploratory study on kidney disease 
cases in Uchapally village, Nellore 
District, Andhra Pradesh 
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6.2 CANCER AND XENOBIOTICS

Research support

8.1 Centre for Advanced Research for 
Pre-clinical Toxicology

6.2.1. Effect of diallyl sulphide on 
atherogenic properties in subjects 
with diabetes mellitus 

cages like bedding, feed and water.  There was 
an increase in the incidence of air-borne 
organisms, which is expected to be reduced 
once the renovation of the facilities is taken up.

The renovation of the animal facilities has 
Plant foods are rich in non-nutrients, 

started and it is expected to be completed in 9-10 
phytochemicals and some of them are 

months. Efforts to establish a 'National Animal 
extensively used in traditional medicine to treat 

Resource Facility' at the Genome Valley, 
some common ailments. Incidence of non-

Turkapally, Hyderabad, gathered momentum 
communicable diseases is on the rise and 

with the registration of 102 acres of land gifted by 
require management of diseased state 

the state government in favour of ICMR. The 
alongside treatment.  Spices / condiments used 

proposal is with the planning commission and 
in Indian diet can help in preventing some of the 

the budgetary requirement is projected to be 
complications associated with long duration of 

Rs.244.34 crores for five years.
diseased state.  Allium vegetables like garlic and 
onions are known to posses many medicinal 
properties. Diallyl sulphide (DAS), one of the 

The centre supplied animals and extended 
major chemical constituent is known to 

technical help for conducting 8 IAEC approved 
contribute to antioxidant property of garlic. In this 

regular animal experiments of  the Institute. It 
study, antiatherogenic potential of diallyl 

also extended help to Pre-clinical Toxicology 
sulphide was assessed by measuring the ADP 

Centre, and evaluation of proprietary peptide 
induced platelet aggregation in the presence and 

molecule Genopep I and II were completed in 
absence of DAS using blood samples obtained 

mice, rabbits and the report was submitted to 
from diabetic subjects.  There was significant 

sponsor. Studies in tetravalent vaccine supplied 
reduction in platelet aggregation by DAS. The 

by Indian immunologicals have been initiated 
results suggest that regular intake of garlic 

this year. 
through diet may be helpful in reducing one of the 
secondary complications in diabetes mellitus. With the registration of primate facilities 

during the period, the requests for conducting 
experiments in monkey from other Institutions 
(Private and Government), especially for 

The Centre carries out both service as well pharmacokinetics studies can now be 
as basic research activities. It also extends entertained.
research support to the Institute in terms of 
supply of animals and technical help. 

Breeding and supply of animals, supply of 
stock and experimental feed, supply of  
blood/sera from animals are some of  the major In the recent past, with the development of 
service activities of  the centre.  The supply of biotech products, DNA vaccines, plant products, 
animals increased by 20% this year and drugs, chemicals, genetically modified foods etc. 
correspondingly there was an increase of 20% using indigenous technology, the clinical use of 
income compared to the previous year.  It was such products requires methodology develop-
also true for the supply of stock animal feed, ment specially for their safety evaluation both at 
which showed an increase of 36%. There was lot pre-clinical and clinical levels. In view of this, 
of enquiries for experimental animal feeds and ICMR has established a Centre for Advanced 
the centre supplied 458.25 kg of need based Research for Pre-clinical Toxicology at NIN in the 
diets. The centre continued to supply blood/sera year 2000 and with financial support for a period 
from various laboratory animals to several of 5 years to conduct safety studies (pre-clinical 
institutes. toxicology data) especially for biotech products 

and other pharmaceuticals.
Routine microbiological health monitoring 

was carried out in randomly selected animals as The centre has not only got the recognition at 
well as in accessory items entering the animal national level, but has generated scientific data 

7. NATIONAL CENTRE FOR LABORATORY 
ANIMAL SCIENCES  

 8. PRE-CLINICAL TOXICOLOGY (PCT)
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as well as financial turnover to the tune of Rs.1.5 
crore. Among the various important programmes 
undertaken, Non-clinical toxicity studies of 
Japanese Encephali t is Vaccine (LIVE 
ATTENUATED SA-14-14-2), Safety evaluation 
of Proprietary peptide molecules as anti cancer 

The pre-clinical toxicological testing of agents, Pre-Clinical Toxicity Evaluation of 
Japanese Encephalitis Vaccine (JE) and Ayurvedic Bhasmas (herbo-mineral prepa-
Genopep 1 which was developed for use as rations) have been reported in 2005 - 06. The 
anticancer drug has been completed. The center also has conducted brain storming 
neurovirulence was negative with administration sessions and became a centre for developing 
of JE vaccine by intratheal suggesting its safety human resources whose services are needed  
under conditions of acute exposure. Sub-chronic for various industrial sectors. In appreciation of 
toxicity test indicated no abnormalities. The the efforts, the centre has received grant of 
results were submitted to Ministry of Health, so Rs.2.5 crore from DST to upgrade the facility on 
that phase I and phase II clinical trials can be par with International standards. In the current 
taken up. The Genopep 1 showed no abnormal year, efforts are being made to get the GLP 
toxicity except for mild genotoxicity in rats.accreditation. 

8.2 Non-clinical toxicity studies of Japanese 
encephalitis vaccine (Live Attenuated 
SA-14-14-2); Pre-clinical toxicity 
evaluation of proprietary peptide 
molecule GENOPEP 1 (ISSAR 1)

ix





1. EVALUATION OF POSITIVE 
DEVIANCE (PD) PROGRAMME 
IN WEST BENGAL

Integrated Child Development Services 
nd

(ICDS), which was launched in India on 2  
October 1975, constitutes one of the important 
direct policy instruments of the National Nutrition 
Policy (NNP). Even after two decades, the 
national nutrition goals set were not achieved to 
the desired levels. The Government of West 
Bengal under the aegis of UNICEF-West Bengal 
has been implementing special interventional 
programmes to prevent and control the problem 
of undernutrition since more than a decade. 

Introduction of 'PD' programme was a step to 
accelerate the process of reduction and 
prevention of undernutrition among under 3 year 
children, in a short time, by enabling the 
communities to adopt 'best local practices of 
childcare', on a sustained basis. The 'PD' is 
defined as “an asset based approach, built on the 
belief that in every community, there exists few 
mothers with special efforts or better child care 
practices, which enable them to prevent 
undernutrition among their children, compared 
to their counterparts, who live with similar 
socioeconomic background and resources, and 
are exposed to the same risks from the existing 
environment”. 

Therefore, it is assumed that the PD 
programme acts as a quality improvement tool 
for ICDS, to improve its process as well as 
outcome variables. It emphasizes on 'community 
investment' and 'participation by change in 
behaviors' through practice. In the year 2001, the 
PD Programme was initiated in 32 villages in two 
Districts, namely South-24 Paraganas and 
Murshidabad. Subsequently, it was extended to 
other  areas in a phased manner and is  currently 
in operation in 10 blocks of Murshidabad, 2 
blocks of South-24 Paraganas, 4  blocks in 
Purulia and 8 blocks of Dakshin Dinajpur 
Districts. 

I. COMMUNITY STUDIESI. COMMUNITY STUDIES

At the request of UNICEF, West Bengal, the 
National Institute of Nutrition (NIN) undertook a 
study to assess the impact of PD programme on 
well-being of <3-year children, before the 
programme is extended to other districts.

1. To assess various aspects related to the 
process of implementation of the Positive 
Deviance programme in terms of training, 
resource mapping, methods of nutrition 
counseling and child care services, and

2. To assess the impact of the programme in 
terms of weighing efficiency among the 
workers, prevalence of undernutrition, extent 
of relapse in undernutrition, recording of 
birth weights, incidence of morbidities viz., 
diarrhoea, and ARI, extent of exclusive 
breastfeeding, complementary feeding, 
immunization of the children, in the areas 
where the programme is in operation for one 
year or more and control areas.

The study was a cross sectional one, by 
adopting systematic random sampling 
procedure, with the Anganwadi Centres (AWCs) 

stas 1  stage sampling units, and households (HHs) 
nd

with <3 year child as 2  stage sampling units.  

Sample size calculations were made on the 
basis of estimation of the extent of reduction in 
moderate to severe grade undernutrition among 
<3-year children. Assuming reduction in the 
prevalence of moderate to severe grade 
undernutrition from 30% at base line to 15% (a 
change by about 50%) after implementation of 
the programme, with 95% confidence interval 
and 90% power, the minimum size required for 
each of the control and intervention areas was 
worked out as 174 (or say 200). However, to 
enable sub-set analysis 1000 children of 0-3 
years age group were covered from 40 AWCs 
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(@25 children/AWC) from PD areas and an 
equal number from control areas.  

All the AWC villages with the PD programme 
in operation for one year or more, from the 
districts of South 24 paraganas, Murshidabad, 
Dakshin Dinajpur and Purulia formed the sample 
frame. From these, forty AWC villages were 
selected for the purpose of study, by systematic 
random sampling, adopting probability 
proportion to the size of AWCs in the Districts.

For the purpose of control, AWC villages 
from the same districts or neighbouring district 
without PD programme, and matched for total 
population and female literacy rate at the village 
level. Care was taken to ensure that the villages 
selected as control had no influence of PD from 
the neighbouring intervention areas. 

In each of the selected AWC villages, twenty-
five 0-3 year children were selected for the study, 
by adopting simple random procedure. In 
addition, a sub-sample of mothers, members of 
Village Health Committee (VHC)/ Self Help 
Groups (SHG)/ Village Education Committee 
(VEC) and programme functionaries were also 
covered. 

Focus Group Discussions (FGDs) were held 
with the stakeholders (NGO, Govt. Officials, 
Members of Panchayati Raj Institutions (PRI) 
about their role and cooperation in the 
programme and with AWW, Supervisors, SHGs 
on programme implementation.

The out-come variables assessed included, 
efficiency of weighing of 0-3 year children, 
proportion of children receiving complementary 
food at 6 months, the type, frequency and 
quantity of complementary food given to the 
beneficiary, proportion of 12-24 months children 
covered for each of the vaccinations and those 
completely immunized by one year of age, 
proportion of 9-36 months children who received 
first dose of massive vitamin A along with measles 
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immunization, extent of reduction in the 
prevalence of undernutrition.

Necessary ethical clearance was obtained 
from the Institutional Review Board (IRB) before 
initiation of the study.  Informed consent was 
obtained from the respondent mothers and the 
village leaders.

The salient features of the study are as 
follows:

wA total of 1900 under 3-year young children 
(950 each from PD and control areas) from 
80 AWCs (40 each from PD and control 
areas) were covered for the study.

wA significantly higher proportion of HHs 
(64%) in PD area lived in semi pucca houses, 
while in contrast 66% of HHs lived in Kutcha 
houses in control area. 

wA significantly higher proportion of the 
mothers (64%) in PD area were literate 
compared to 47% in the control area. 

wSignifiacantly higher proportion of HHs in the 
PD area followed healthy practices in 
handling of drinking water, environmental 
sanitation and waste disposal compared to 
control area.

wA significantly higher proportion (37%) 
deliveries in PD area took place in a health 
facility compared to control area (29%) 
mostly assisted by a medical doctor. 

wA significantly higher proportion of home 
deliveries conducted with the assistance of 
Trained Birth Attendant (TBA) in the PD area 
(25%), as compared to 8% in the control 
area.

wExtent of recording of birth weight was 
significantly (p<0.01) higher in the PD area. 
Also, the mean birth weight was significantly 
higher (p<0.05) in the PD area (2730 g) 
compared to control area (2560 g).

wA significantly higher proportion of mothers 
in PD area initiated breast feeding within      
3 hours of delivery (76%) and did not give 
pre-lacteal feeds (78%) compared to 44% 
and 35% respectively in the control areas.

ETHICAL ISSUES  

RESULTS



w
exclusive breastfeeding up to 4-5 months 
(70%) were significantly higher in PD area 
compared to control area (82% and 61% 
respectively).

wAmong children aged <12 months, 12-23 
months and 24-35 months about 19%, 44% 
and 45% respectively started receiving 
complementary foods at 6 months of age 
compared to 13%, 29% and 23% 
respectively in the control area.

wA significantly higher proportion of children 
(p<0.01) in the PD area received were fed 
complementary food with a spoon compared 
to control area. 

wA significantly (p<0.01) higher proportion of 
children (86%) in PD area were completely 
immunized, compared to 68% in control 
area.

wSupplementation of massive dose vitamin A, 
a significantly (p<0.01) higher proportion 
(84% in PD area) received one or two doses 
as compared to 74% in control area.

wThe proportion of children weighed  9 times a 
year (satisfactory growth monitoring) was 
significantly (p<0.01) higher in PD area 
(50%), compared to control area (13%). 

wA significantly higher proportion (p<0.01) of 
mothers in PD area (85%) compared to 
control areas (34%) reported that the AWW 
discussed the nutritional status of their 
children with them.

wA significantly (P<0.01) higher proportion of 
children in PD areas received treatment for 
diarrhoea (26%) and ARI (48%) from health 
functionaries such as AWW/ANM/MO 
compared to 13% and 18% respectively in 
the control area. 

wThe proportion of referrals by the AWW to a 
government medical / private doctor was 
significantly (p<0.01) high in PD area (37%) 
compared to 18% in control area.

wA significantly (p<0.01) higher proportion of 
mothers in PD area (69%) reportedly received 
Health and Nutrition Education (H & NE) 
compared to 27% in control areas. 

wA higher (p<0.01) proportion of mother's 
committees, Mahila Mandals, village health 

The extent of feeding of colostrum (90%) and committees and women working groups were 
operating in PD areas compared to control 
area.

wThe overall prevalence of undernutrition, 
according to IAP classification, was similar 
between the PD and control groups. 
However, among 12-17 months children the 
prevalence was significantly (p<0.05) lower 
in PD (55%) compared to control (64%) area. 

wThe overall prevalence of underweight and 
wasting according to SD classification was 
similar between the two groups while, that of 
stunting was significantly lower (p<0.01) in 
PD area (26.5%) compared to control area 
(32%).

wThe prevalence of underweight and stunting 
(45.6% and 25.2% respectively) was 
significantly (p<0.01) lower in the PD area 
compared to control area (63.2% and 37.4% 
respectively) in children aged 12-17 months.

wNo gender differentials were observed in the 
case of underweight or wasting between the 
two groups.

The study revealed that the positive deviance 
programme improved the infant and young child 
feeding, hygiene practices, improved the 
coverage for ICDS & health services and 
facilitated better inter-sectoral coordination and 
convergence in PD area, in addition to reducing 
the prevalence of underweight and stunting in the 
critical age group of 12-17 months. 

Undernutrition continues to be a major public 
health problem in the developing world, 
including India. The most vulnerable groups 
being women of reproductive age group and 
young children. Maternal undernutrition, faulty 
infant and young child feeding practices, lack of 
personal hygiene and environmental sanitation, 

2. ASSESSMENT OF NUTRITIONAL 
STATUS OF UNDER 5 YEAR RURAL 
CHILDREN IN 16 SELECT DISTRICTS 
OF INDIA: GOVT OF INDIA – 
U N I C E F  P R O G R A M M E  O F               
COOPERATION : 2003-2007
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coupled with recurrent infections and infestations 
and a host of socio-economic and demographic 
factors largely contribute to high prevalence of 
undernutrition in the community. 

Children, who are subjected to socio-
economic and dietary constraints during their 
critical years of growth and development, end up 
as adults with small body size. Such adults may be 
apparently healthy, but there is evidence that their 
productivity and earning capacity might be 
impaired. Repeat surveys by National Nutrition 
Monitoring Bureau (NNMB, 1999) in eight States 
revealed that, despite of very little or no change in 
the dietary intakes of rural population over a 
period of time, there was a decrease in the 
prevalence of severe forms of undernutrition 
among young children with concomitant increase 
in normal grade. However, the proportion of 
children with mild to moderate undernutrition 
remained similar. Recent survey carried out by 
NNMB (2006) in the rural areas of nine states 
revealed that about 55% preschool children are 
of underweight, 52% are stunted and 15% are 
wasted.

The Government of India (GoI) and the 
respective State Governments have been 
implementing several health, nutrit ion 
intervention and developmental programmes for 
the overall improvement of health and nutrition 
status of the community. UNICEF-India has 
initiated 'GoI-UNICEF programme of co-
operation during 2003-2007' in 42 'focal 
districts' spread over 14 States of the country, for 
the improvement of health and well-being of 
women and children. In order to facilitate 
assessment of impact of the programme at a later 
stage of implementation, a baseline survey was 
carried out by National Sample Survey 

Organization (NSSO), during 2005-06 in all the 
42 districts, to assess the, (I) Health of children 
and mothers (ii) Schooling and educational 
attainment of children, especially of girls,         
(iii) Sanitation, hygiene and water supply, (iv) 
Child protection and (v) HIV-AIDS.

In order to develop data base on the 
nutritional status of under five-year children, at 
the request of UNICEF-India, NIN carried out 
survey in a sub sample of 16 districts from 13 
States, by covering 50% of the villages surveyed 
earlier by NSSO (Table 1).

1. To assess the nutritional status of <5 year 
children in terms of anthropometric 
measurements such as heights & weights.

2. To assess the breast feeding and 
complementary feeding practices among 
children aged 0-23 months, and 

3. To estimate iodine levels in the salt samples 
used for cooking in the households (HHs), 
using spot testing kit.

It was a cross sectional, community survey, 
adopted random sampling procedures.

Assuming an overall prevalence of 
underweight  (weight for age < median-2SD of 
NCHS standards) of 50% among <5 year 
children, with 5% relative precision and 95% CI, a 
sample size of 383 (or 400) children per district 
was arrived at. 
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Sl. No. District State Sl. No. District State 
1. Medak Andhra Pradesh 9. Chandrapur  Maharashtra 
2 Dibrugarh Assam 10. Latur Maharashtra 
3. Vaishali Bihar 11. Nandurbar Maharashtra 
4. Valsad Gujarat 12. Koraput Orissa 
5. East Singbhum Jharkhand 13. Tonk Rajasthan 
6. Raichur Karnataka 14. Krishnagiri Tamil Nadu 
7. Guna  Madhya Pradesh 15. Lalitpur Uttar Pradesh 
8. Shivpuri Madhya Pradesh 16. Purulia West Bengal 

 

Table 1. States and Districts covered for the study
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SELECTION OF  VILLAGES

SELECTION OF HOUSEHOLDS

1. MEDAK DISTRICT, ANDHRA PRADESH

For the purpose of survey, NSSO divided 
each district into 30 strata and covered two 
villages from each stratum. For the purpose of 
present study, one village was randomly selected 
from each stratum, thus covering a total of 30 
villages per district. 

In each of the selected villages, a total of 20 
HHs having at least one index child of <5 years of 
age were covered by adopting cluster sampling 
procedure. For this purpose, the main village and 
its hamlets, if any, were divided into 5 
geographical areas, based on natural groups of 
household/ streets/ mohallas/ areas etc. HHs 
belonging to Scheduled Caste and Scheduled 
Tribe communities formed one group. From each 
of these groups, four consecutive HHs were 
surveyed by starting from the Northeast corner of 
the area. In each of the selected HH, all the 
children of <5 year were covered for the survey. 
Thus, a total of about 600 children were covered 
from 30 villages in a district.

A total of 12,879 children of below five years 
of age from 9,576 HHs, in 480 villages of 16 
districts, in 13 states were covered for 
anthropometry.  Mothers of 2,962 children of   
0-12months & 2,880 children of 12-23 months 
were interviewed for child feeding practices. In 
addition, salt samples from all the HHs were 
tested for iodine content using spot testing kits.

District-wise salient observations are as follows:

wAbout two thirds of the HHs belonged to Other 
Backward Communities, while a fourth of HHs 
belonged to Scheduled Castes and only 3% to 
Scheduled Tribes. About 39% each were joint 
and nuclear families.  About 58% of the 
fathers and 36% mothers of index children 
were literates.  The average family size was 
6.0.  The major occupation of the head of HH 
was labour (49%), followed by agriculture 
(25%), business (9%) and service (7%).

wEighty one percent of the HHs were semi-
pucca and 9% each were kutcha and pucca.  
The major sources of drinking water were tap 
(83%), followed by tube well (17%).

w
the newborn.  About 61% of the women 
initiated breast feeding within three hours of 
delivery. About 44% of the women reportedly 
gave pre-lacteal feeds, the most common 
ones being honey water (23%) and cow/goat 
milk (7%). 

wAbout 57% of 6-11 months children started 
receiving complementary foods before 6 
months of age. About 14% of children were 
solely breast fed even after 11 months of age. 
Of the 12-23 months children covered, 87% 
were receiving complementary feeding in 
addition to breast feeding, while the rest were 
solely breastfed. About 64% of the children 
were receiving complementary feeding       
>3 times a day, while 24% were receiving      
4-5 times a day.

wAbout 89% of 12-23 months children were 
completely immunized. About 98% and 91% 
received BCG and Measles vaccines 
respectively.

wAbout 39% of the HHs were consuming 
adequately iodized (>15 ppm) salt.

wThe prevalence of Bitot spots was about 1.9%. 
Fever (37%), ARI (9.4%) and diarrhoea (6.2%) 
were the common morbidities experienced by 
the children during previous fortnight of the 
survey. 

wAbout 51% of children were underweight 
(weight for age < median-2SD), 35% were 
stunted (height for age < median-2SD), and 
16% were wasted (weight for height               
< median-2SD).

wSignificant (P<0.05) association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of undernutrition was relatively 
higher among children of SC and ST 
communities, HHs engaged in labour, having 
illiterate parents, living in semi-pucca or 
kutcha houses, using firewood as cooking fuel 
and those not having electricity and sanitary 
latrine.

wA fourth (25%) of the HHs covered belonged to 
ST, while 11% belonged to SC. OBC and OC 

About 84% women reportedly fed colostrum to 

2. DIBRUGARH DISTRICT, ASSAM



accounted for 41% and 24% of HHs 
respectively. A majority of the HHs were 
nuclear (54%), followed by joint (25%) and 
extended nuclear families (21%). About 73% 
fathers and 57% mothers of index children 
were literates. The average family size was 6.0. 
The major occupation of the head of the HH in 
a majority of the HHs was labour (55%), 
followed by agriculture (15%), business and 
service (11% each).

wFifty four percent of the HHs were living in 
kutcha houses, 38% in semi pucca and 8% in 
pucca houses. Tube well formed the major 
source of drinking water in a  majority (95%) of 
the HHs. 

wAbout 83% of women reportedly fed colostrum 
to the newborns. About 62% of the women 
initiated breastfeeding within three hours of 
delivery. About 21% reportedly gave pre-
lacteals, the most common ones being, 
cow/buffalo/goat milk (20%), honey and plain 
water (4% each). 

wOf the 6-11 months children, about a half 
(50%) started receiving complementary foods 
before the age of 6 months, while about 21% 
were solely breast fed even after 11 months of 
age. Of the 12-23 months children covered, 
90% were receiving complementary foods in 
addition to breast milk, while the rest were 
solely breastfed. The frequency of comple-
mentary feeding was  3 times a day in about 
67% of the children, while about 30% were 
receiving the same 4-5 times a day.

wAbout 65% of 12-23 months children were 
completely immunized. About 90% and 67% 
received measles and BCG vaccines 
respectively.

wAbout three fourths (73%) of the HHs surveyed 
were consuming adequately iodized (15 ppm) 
salt. 

wThe prevalence of Vitamin A Deficiency (VAD) 
signs such as Bitot spots was about 0.4%. 
Prevalence of dental caries was 11%. About 
51% and 28% of children reportedly had fever 
and ARI respectively during the preceding 15 
days of survey.

w
(weight for age < Median –2SD), and 32% 
were stunted (height for age < Median –2SD) 
indicating chronic undernutrition. Wasting 
(weight for height <Median –2SD) was 
observed in 15% of the children, indicating 
current undernutrition.

wSignificant (p<0.05) association was 
observed between nutritional status of children 
and different socio-economic variables. 
Undernutrition (underweight and stunting) was 
observed to be significantly higher among 
children of SC and ST communities, those 
from HHs engaged in labour, having illiterate 
fathers, those living in kutcha or semi-pucca 
houses and in HHs using firewood as cooking 
fuel. The prevalence of underweight, stunting 
and wasting was significantly high among 
children of cultivators, illiterate mothers, in 
HHs not having electricity and where a sanitary 
latrine was not available/not used. The 
prevalence of underweight and wasting was 
also significantly high among children with 
history of morbidity in the preceding 15 days of 
survey.  

wOf the HHs covered, about 45% belonged to 
SC, 21% to OBC, and 32% belonged to Other 
Communities. About 45% were joint families 
and 33% were nuclear families. About 60% 
fathers and 34% mothers of index children 
were literates. The average family size was 8.0. 
The major occupation of the head of the HH 
was labour (42%), followed by agriculture 
(15%), business (14%) and service (9%).

wThirty nine percent of the houses were kutcha, 
31% were semi-pucca and 30% were pucca in 
nature. The major source of drinking water in a 
majority of the HHs was tube well (92%).

wAbout 87% women reportedly fed colostrum to 
the newborns. Forty two percent of women 
initiated breastfeeding within three hours of 
delivery and more than half (58%) of the 
women reportedly gave pre-lacteals, the most 
common ones being, sugar water (27%) and 
cow/buffalo/goat milk (17%).

About 45% of the children were underweight 

3.  VAISHALI DISTRICT, BIHAR
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w
receiving complementary foods before 6 
months of age while large proportion (62%) 
was solely breastfed even after 11 months of 
age. Of the 12-23 months children covered, 
87% were receiving complementary foods in 
addition to breast milk, while the rest were 
solely breast-fed. Fifty five percent of the 
children were receiving complementary 
feeding  3 times, while 39% were receiving   
4-5 times a day.

wOnly about half (52%) of 12-23 months 
children were completely immunized. About 
77% and 60% received measles and BCG 
vaccines respectively. 

wAbout two third (63%) of the HHs were 
consuming adequately iodized (15 ppm) salt.

wThe prevalence of Bitot Spots and Conjunctival 
Xerosis was 3.1% and 2.3% respectively, 
indicating a problem of public health 
significance. Prevalence of Dental Caries was 
8%. High prevalence of morbidities such as 
fever (35%), diarrhoea (36%) and ARI (28%) 
were reported in children during the preceding 
15 days of survey.

wAbout 47% of the children were underweight 
(weight for age < Median –2SD), and 45% 
were stunted (height for age < Median – 2SD) 
indicating chronic undernutrition. Wasting 
(weight for height < Median –2SD) was 
observed in 17% of the children, indicating 
current undernutrition.

wSignificant (p<0.05) association was 
observed between nutritional status of children 
and different socio-economic variables. All 
the three forms of undernutrition (under-
weight, stunting and wasting) was observed to 
be significantly higher among children of SC 
and ST communities, landless labourers, those 
living in kutcha and semi-pucca houses and 
HHs where sanitary latrine was not available / 
not used. The prevalence of underweight and 
stunting was significantly high among children 
of illiterate parents, while a significantly high 
proportion of children in HHs using firewood 
as cooking fuel were underweight. Wasting 
was observed in a significantly high proportion 

About 14% of 6-11 months children started of children in HHs not having electricity. The 
prevalence was also significantly high among 
children with history of morbidity in the 
preceding 15 days of survey. 

wA majority of the HHs (73%) belonged to ST, 
followed by Other Communities (14%) and 
OBC (10%). About 48% were nuclear and 
32% were joint families. About 78% of the 
fathers and 71% mothers of index children 
were literates. The average family size was 5.0. 
The major occupation of the head of HH was 
labour in a majority of the HHs (44%), 
followed by agriculture (32%), service (17%) 
and business (6%). 

wFifty seven percent of the houses were semi-
pucca, 42% were kutcha and 11% were pucca 
in nature. The major source of drinking water 
in a majority of HHs was tube well (76%), 
followed by open well (16%) and tap (8%). 

wMajority (79%) of women reportedly fed 
colostrum to the newborn and about 79% of 
the women initiated breastfeeding within three 
hours of delivery. Only 12% of the women 
reportedly gave pre-lactal feeds, the most 
common ones being sugar water (5%) and 
milk (4%).

wAbout 32% of 6-11 months children started 
receiving complementary foods by 6 months 
of age. About 27% of children were solely 
breast fed even after 11 months of age. Of the 
12-23 months children covered, 75% were 
receiving complementary feeding in addition 
to breastfeeding, while the rest were solely 
breastfed. About 43% of the children were 
receiving complementary feeding < 3 times a 
day, while 37% were receiving 4-5 times a day.

wAbout 87% of 12-23 months children were 
completely immunized. About 96% and 88% 
received BCG and measles vaccines 
respectively.

wAbout 44% of the HHs were consuming 
adequately iodized (15 ppm) salt. 

wNone of the children examined had Bitot spots.  
Fever (27%), ARI (11%) and diarrhoea (3%) 
were the common morbidities experienced by 

4.  VALSAD DISTRICT, GUJARAT 
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the children during previous fortnight of the 
survey.

wAbout 55% of children were underweight 
(weight for age <median–2SD), 37% were 
stunted (height for age <median–2SD) and 
22% were wasted (weight for height  
<median–2SD).

wSignificant (P<0.05) association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of undernutrition was significantly 
higher in children of SC and ST communities, 
labourers, illiterate parents, those living in 
semi pucca or kutcha houses, HHs using 
firewood as cooking fuel, those not having 
electricity and sanitary latrine.  

wAbout 44% of the HHs belonged to ST, while 
23.4% belonged to SC. OBC and OC 
accounted for 16.1% each. Of the HHs 
covered, 44% were nuclear families, while 
joint and extended nuclear families accounted 
for 41.3% and 14.7% respectively. About 54% 
of the fathers and 37.5% mothers of index 
children were literates. The average family size 
was 6.0. The major occupation of the head of 
HH was labour (52.1%), followed by 
agriculture (32.6%), business (7.2%) and 
artisans (2.9%).

wAbout 45% each of the houses were either 
kutcha or semi-pucca in nature and 9.9% were 
pucca. The major sources of drinking water in 
a majority of HHs was tube well (69.6%), 
followed by open well (26.4%).

wAbout 80% women reportedly fed colostrum to 
the newborn. Majority (62.4%) of the women 
initiated breast feeding within three hours of 
delivery. About 24%% of the women reportedly 
gave pre-lacteal feeds, the most common 
ones being honey water (10.6%), plain water 
(4.5%), cow/buff/goat milk (4.5%) and sugar 
water (2.9%).

wForty five percent of 6-11 months children 
started receiving complementary foods before 
6 months of age. Thirty eight percent of 
children were solely breastfed even after 11 
months of age. Of the 12-23 months children 

5. EAST SINGHBHUM DISTRICT, JHARKHAND

covered, 95% were receiving complementary 
feeding in addition to breast feeding, while the 
rest were solely breastfed. About 53% of the 
children were receiving complementary 
feeding 4-5 times a day, while 34% were 
receiving  3 times a day. 

wAbout 75% of 12-23 months children were 
completely immunized. About 95% and 
76.9% received BCG and Measles vaccines 
respectively.

wMajority (97.5%) of the HHs were consuming 
adequately iodized (15 ppm) salt. 

wThe prevalence of conjunctival xerosis was 
4.6%. ARI (45.1%), fever (28.6%) and 
diarrhoea (8.3%) were the common 
morbidities experienced by the children during 
previous fortnight of survey.

wAbout 57% of children were underweight 
(weight for age < median–2SD), 36.3% were 
stunted (height for age < median–2SD) and 
23.9% were wasted (weight for height 
<median–2SD).

wSignificant (P<0.05) association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of underweight and stunting was 
significantly high among children born to 
illiterate parents, fathers involved in labour 
activities and staying in the HHs, where 
electricity was not available. The prevalence of 
stunting was also significantly higher among 
children with history of morbidity during 
preceding 15 days of survey, from the HHs, 
where sanitary latrine was not available or not 
using the same and among landless Hhs.

wAbout a fifth of the HHs each (21%) belonged 
to ST, and SC, while 33% belonged to OBC. 
About 40% each were joint & nuclear families.  
About 43% fathers and 24% mothers of index 
children were literates. The average family size 
was 7.0. The major occupation of the head of 
HH was labour (54%), followed by agriculture 
(27%), business (6%) & service (5%).

wFifty one percent of the houses were semi 
pucca, 27% were kutcha and 22% were Pucca 

6. RAICHUR DISTRICT, KARNATAKA
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in nature. The major sources of drinking water 
were tube well (57%), followed by tap (27%). 

wAbout 57% women reportedly fed colostrum to 
the newborn. Only about 33% of the women 
initiated breast feeding within three hours of 
delivery.  About 62% of the women reportedly 
gave pre-lacteal feeds, the most common 
ones being, sugar water (20%) and honey 
water (18%). 

wAbout 33% of 6-11 months children started 
receiving complementary foods before 6 
months of age. About 17% of children were 
solely breast fed even after 11 months of age. 
Of the 12-23 months children covered, 85% 
were receiving complementary feeding in 
addition to breastfeeding, while the rest were 
solely breastfed. About 82% of the children 
were receiving complementary feeding <3 
times a day, while only 3% were receiving 4-5 
times a day.

wAbout 72% of 12-23 months children were 
completely immunized. About 91% and 74% 
received BCG and Measles vaccines 
respectively.

wOnly about 10% of the HHs were consuming 
adequately iodized (> 15 ppm) salt.

wThe prevalence of Bitot spots was about 1.1%. 
Fever (21%), diarrhoea (3.5%) and ARI (3%) 
were the common morbidities experienced by 
the children during previous fortnight of the 
survey. 

wAbout 59% of children were underweight 
(weight for age < median-2SD), 47% were 
stunted (height for age < median–2SD), and 
18% were wasted (weight for height 
<median–2SD).

wSignificant (p<0.05) association was 
observed between nutritional status of the 
children and the different socioeconomic 
variables. The prevalence of undernutrition 
was significantly higher in children of SC and 
ST communities, landless labourers, illiterate 
parents, those living in semi-pucca or kutcha 
houses, HHs using firewood as cooking fuel, 
not having electricity and where sanitary 
latrine was not available / not used.

7. GUNA DISTRICT, MADHYA PRADESH 

w
OBC, while 15% belonged to OC. SC and ST 
accounted for 26% and 15% respectively. 
About 56% of fathers and only 18% of mothers 
of index children were literates. The average 
family size was 5.0. The major occupation of 
the head of the HH in a majority of HHs was 
labour (45%), followed by cultivation (42%).

wFifty eight percent of the houses were semi-
pucca, 38% were kutcha and only 4% were 
pucca in nature. The major source of drinking 
water was tube well (81.5%), followed by open 
well (15.8%).

wAbout 84% women reportedly fed colostrum to 
the newborns. Sixty six percent of women 
initiated breastfeeding within three hours of 
delivery. Only 11% of women reportedly gave 
pre-lacteal feeds, the most common ones 
being cow/goat milk (5.4%) and sugar water 
(3.2%).

wOnly about 6% of 6-11 months children 
started receiving complementary foods before 
6 months of age. About 73% of children were 
solely breast fed even after 11 months of age. 
Of the 12-23 months children covered, 63% 
were receiving complementary feeding in 
addition to breastfeeding, while the rest were 
solely breastfed. About 28% of children were 
receiving complementary feeding 3 times a 
day, and 27% were receiving 4-5 times a day.

wAbout 74% of 12-23 months children were 
completely immunized. About 75% and 91% 
received measles and BCG vaccines 
respectively. 

wThirty five percent of the HHs was consuming 
iodized salt containing adequate amount of 
iodine (15 ppm).

wThe prevalence of Bitot Spots was 1.7%, which 
is indicative of public health significance of the 
problem. Fever (9%), ARI (9.1%) and 
diarrhoea (3.7%) were the common 
morbidities experienced by the children during 
previous fortnight of the survey.

wAbout 58% of the children had underweight 
(weight for age <Median–2SD), 46% were 

About 44% of the HHs covered belonged to 
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stunted (height for age <Median–2SD) 
indicating chronic undernutrition and 24% 
were wasted (weight for height <Median 
–2SD) indicating acute undernutrition.

wSignificant (p<0.05) association was 
observed between nutritional status of children 
and different socio-economic variables, 
including occupation of HH, literacy status of 
mother, presence of electricity and sanitary 
latrine. 

wAbout 26% and 15% of the HHs surveyed 
belonged to SC and ST respectively, while 44% 
belonged to OBC. About 69% of the families 
were nuclear and 28% were joint families. 
About 56% of the fathers and 18% of mothers 
of index children were literates. The average 
family size was 5.0. The major occupation of 
the head of the HH in a majority of HHs was 
labour (47%), followed by agriculture (42%), 
business (8%) and service (2%).

wAbout 59% of the houses were semi-pucca, 
26% were kutcha &15% were pucca in nature. 
The major sources of drinking water were tube 
well (61%), followed by open well (37%).

wAbout 67% women reportedly fed colostrum to 
the newborns. Only about 65% of the women 
initiated breastfeeding within three hours of 
delivery. About 7% of the women reportedly 
gave pre-lacteal feeds; the most common 
ones were cow/goat milk (5.3%) and sugar 
water (1%).

wOnly about 8% of 6-11 months children 
started receiving complementary foods before 
6 months of age. About 58% of children were 
solely breastfed even after 11 months of age. 
Of the 12-23 months children covered, 72% 
were receiving complementary feeding in 
addition to breastfeeding, while the rest were 
solely breastfed. About 39% of the children 
were receiving complementary feeding 3 times 
a day, while 27% were receiving 4-5 times a 
day.

wAbout 82% of 12-23 months children were 
completely immunized. About 92% and 83% 
received BCG and measles vaccines 
respectively.

8. SHIVAPURI DISTRICT, MADHYA PRADESH 

w
consuming adequately iodized (15 ppm) salt.

wThe prevalence of VAD signs such as 
conjunctival xerosis and Bitot spots were 1.3% 
and 0.6% respectively. Fever (11%), diarrhoea 
(2%) and ARI (8%) were the common 
morbidities experienced by the children during 
previous fortnight of the survey.

wAbout 58% of children were underweight 
(weight for age < Median –2SD), 54% were 
stunted (height for age < Median –2SD), and 
16% were wasted (weight for height < Median 
–2SD).

wSignificant (p<0.05) association was 
observed between nutritional status of children 
and different socio-economic variables. The 
prevalence of undernutrition was significantly 
higher among children of SC and ST 
communities, landless labourers, illiterate 
parents, and those living in semi pucca or 
kutcha houses, HHs not having electricity and 
where sanitary latrine was not available / not 
used. 

wAbout a fifth of the HHs belonged to ST 
(18.9%), and 14.7% belonged to SC, while 
more than half of the houses (53.3%) 
belonged to other BC. More than half (54.4%) 
of the HHs were nuclear and about a fourth 
(27.5%) were joint families. About 84% of the 
fathers and 82% mothers of index children 
were literates. The average family size was 5.0. 
The major occupation of the head of HH was 
labour (52.3%), followed by agriculture 
(28.6%), business (9%) and service (7%).

wSixty two percent of the houses were semi-
pucca, 28% were kutcha & 10% were Pucca.  
The major sources of drinking water in majority 
of HHs were tube well (47.6%), followed by 
open well and tap (about 26% each).

wAbout 83% women reportedly fed colostrum to 
the newborn.  About three fourths (73.5%) of 
the women initiated breastfeeding within three 
hours of delivery. Only about 18% of the 
women reportedly gave pre-lacteal feeds, the 
most common ones being sugar water (8.8%) 
and honey water (2.9%).

Only about 6% of the HHs were found to be 

9. CHANDRAPUR DISTRICT, MAHARASHTRA
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w
receiving complementary foods before 6 
months of age.  About 21% of children were 
solely breast fed even after 11 months of age.  
Of the 12-23 months children covered, 90% 
were receiving complementary feeding in 
addition to breastfeeding, while the rest were 
solely breastfed. About 62% of the children 
were receiving complementary feeding 
<3 times a day, while about a fourth (27.1%) 
were receiving 4-5 times a day.

wAbout 96% of 12-23 months children were 
completely immunized. About 99% and 96% 
received BCG and Measles vaccines 
respectively.

wAbout 59% of the HHs were consuming 
adequately iodized (>15 ppm) salt.

wThe prevalence of Bitot spots was about 3.1%. 
Fever and ARI (32% each) and dysentery (7%) 
were the common morbidities experienced by 
the children during previous fortnight of the 
survey.

wAbout 54% of children were underweight 
(weight for age <median–2SD), 43% were 
stunted (height for age <median–2SD) and 
17% were wasted (weight for height 
<median–2SD).

wSignificant (p<0.05)association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of undernutrition was significantly 
higher among the children of labourers, 
cultivators, illiterate parents, those living in 
semi pucca or kutcha houses, HHs using 
firewood as cooking fuel, not having electricity 
and sanitary latrine.

wAbout a fifth of the HHs belonged to SC (23%) 
and ST (3%), while 64% belonged to OBC. 
About 54% of the HHs were joint families, 
while 28% were nuclear families. About 85% 
of the fathers and 76% of mothers of index 
children were literates. The average family size 
was 7.0. The major occupation of the head of 
HH in a majority of the HHs was labour (38%), 
followed by agriculture (36%), business (13%) 
and service (13%).

About 45% of 6-11 months children started 

10. LATUR DISTRICT, MAHARASHTRA 

w
40% were semi pucca and 19% were pucca 
HHs. The major sources of drinking water were 
tube well (57%), followed by tap (34%). 

wAbout 80% of women reportedly fed colostrum 
to the newborns. About two thirds (64%) of the 
women initiated breast feeding within three 
hours of delivery. About 43% of the women 
reportedly gave pre-lacteal feeds, the most 
common ones being honey water (27%) and 
milk (12%).

wAbout 21% of 6-11 months children started 
receiving complementary foods by the age of 
6 months. About 32% of children were solely 
breast fed even after 11 months of age. Of the 
12-23 months children covered, 83% were 
receiving complementary feeding in addition 
to breastfeeding, while the rest were solely 
breastfed. About 70% of the children were 
receiving complementary feeding <3 times a 
day, while 12% were receiving 4-5 times a day. 

wMajority (91%) of 12-23 months children were 
completely immunized. About 98% and 91% 
received BCG and measles vaccines 
respectively.

wAbout one third (34%) of the HHs were found 
to be consuming adequately iodized (>15 
ppm) salt. 

wThe prevalence of Bitot spots was about 0.8%. 
Fever (36%), diarrhoea (7.6%), dysentery 
(3%), and ARI (1%) were the morbidities 
experienced by the children during previous 
fortnight of the survey.

wAbout 47% of children were underweight 
(weight for age <median–2SD), 35% were 
stunted (height for age < median–2SD) and 
15% were wasted (weight for height 
<median–2SD). 

wSignificant (p<0.05)association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of undernutrition was significantly 
higher among children of SC and ST 
communities, landless labourers, illiterate 
parents, those living in semi pucca or kutcha 
houses, HHs not having electricity and sanitary 
latrine.  

Forty one percent of the houses were kutcha, 
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11. NANDURBAR DISTRICT, MAHARASHTRA

w
households belonged to ST, 5% belonged to 
SC while about 7% belonged to OBC.  About 
40% each were joint and nuclear families.  
About 51% of the fathers and 38% mothers of 
index children were literates. The average 
family size was 6.0. The major occupation of 
the head of HH was labour (49.8%), followed 
by agriculture (33.6%), business (9%) and 
service (5.8%).

wSeventy nine percent of the houses were kutcha 
and 18% were semi-pucca and only about 3% 
were pucca. The major sources of drinking 
water were tube well (44.7%), followed by tap 
(42.7%).

wAbout 91% women reportedly fed colostrum to 
the newborns. Majority of the women (83%) 
initiated breastfeeding within three hours of 
delivery.  About 15% of the women reportedly 
gave pre-lacteal feeds, the most common 
ones being honey water (7.3%) and plain 
water (1.7%).

wAbout 48% of  the 6-11 months children 
started receiving complementary foods before 
6 months of age. Seventeen percent of 
children were solely breastfed even after 11 
months of age. Of the 12-23 months children 
covered, 85% were  receiving complementary 
feeding in addition to breast feeding, while the 
rest were solely breastfed. About a third 
(31.6%) of the children were receiving 
complementary feeding  < 3  times  a day, 
while  about  a  half (48.5%) were receiving 
4-5 times a day.

wAbout 87% of 12-23 months children were 
completely immunized. About 95% and 87% 
received BCG and Measles vaccines 
respectively.

wOnly about a third (34.6%) of the HHs were 
found to be consuming adequately iodized 
(<15 ppm) salt.

wThe prevalence of Bitot spots was about 1.1%. 
Fever (29.7%), ARI (7.6%) and diarrhoea 
(2.6%) were the morbidities experienced by the 
children during previous fortnight of the 
survey.

More than three fourths (78%) of the 

w
(weight for age <median 2SD), 50% were 
stunted (height for age <median–2SD), and 
20% were wasted (weight for height 
<median–2SD).

wSignificant (p<0.05)association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of undernutrition was significantly 
high among the children of SC / ST 
communities, labourers, cultivators, illiterate 
parents, those living in semi-pucca or kutcha 
houses, HHs using firewood as cooking fuel, 
not having electricity and sanitary latrine.

wAbout two thirds of the HHs belonged to ST, 
17% of HHs belonged to SC, while 15% of 
HHs belonged to OBC. About 65% were 
nuclear families and 17% each were extended 
nuclear or joint families. About 36% of the 
fathers and 14% mothers of index children 
were literates. The average family size was 5.0. 
The major occupation of the head of HH was 
labour (65%), followed by agriculture (23%), 
business (5%) and service (4%).

wSixty three percent of the houses were kutcha, 
35% were semi-pucca and only 2% of HHs 
were pucca.  The major sources of drinking 
water were tube well (81%), followed by either 
stream/canal/river (9%) or open well (8%).

wIn a majority of the HHs (97%), firewood was 
the cooking fuel, while only 3% of the HHs 
used either LPG or coal. About 92% of the 
houses were not electrified and only 2% of the 
HHs were using sanitary latrine.

wMajority of women (98%) reportedly fed 
colostrum to the newborns and initiated 
breastfeeding within three hours of delivery.

wAbout 40% of 6-11 months children started 
receiving complementary foods by 6 months 
of age.  About 27% of children were solely 
breast fed even after 11 months of age. Of the 
12-23 months children covered, 95% were 
receiving complementary feeding in addition 
to breastfeeding, while the rest were solely 
breastfed. In majority of instances, the type of 
complementary food given was either home 

About 63% of children were underweight 
–

12. KORAPUT DISTRICT, ORISSA
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made semi-solids (67%) or solids (28%). 
About 92% of the children were receiving 
complementary feeding <3 times a day.

wAbout 91% of 12-23 months children were 
completely immunized. About 91% received 
measles vaccine and almost all the children 
received BCG vaccine.

wAbout one third of the HHs was found to be 
consuming adequately iodized (>15 ppm) 
salt.·The prevalence of Bitot spots was 0.2%. 
Fever (28%), diarrhoea (10%) and ARI (14.3%) 
were the common morbidities experienced by 
the children during previous fortnight of the 
survey.

wAbout 51% of children were underweight 
(weight for age <median–2SD), 35% were 
stunted (height for age <median–2SD) and 
16% were wasted (weight for height 
<median–2SD). 

wSignificant (p<0.05)association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of undernutrition was relatively 
higher among the children of SC/ST 
communities, landless labourers, illiterate 
parents, those living in semi-pucca or kutcha 
Houses, HHs using firewood as cooking fuel, 
not having electricity and sanitary latrine.

wMajority (55%) of the HHs belonged to OBC 
followed by SC (22%), ST (13%), and OC 
(10%). About 45% were joint families and 38% 
were nuclear families. About 74% of the 
fathers and 25% mothers of index children 
were literates. The average family size was 7.0. 
The major occupation of the head of HH was 
labour or agriculture (38% each), followed by 
business (11%) and service (7%).

wForty five percent of the houses were kutcha, 
34% were pucca and 21% were semi pucca. 
The major sources of drinking water in a 
majority of HHs was tube well (65%), followed 
by open well (22%) and tap (12%). 

wAbout 67% women reportedly fed colostrum to 
the newborns and about 55% of the women 
initiated breast feeding within three hours of 

13. TONK DISTRICT, RAJASTHAN 

delivery. About 57% of the women reportedly 
gave pre-lacteal feeds; the most common 
ones were sugar water (40%), milk (9%) and 
plain water (3.3%).

wAbout 32% of 6-11 months children started 
receiving complementary foods by 6 months 
of age. About 19% of children were solely 
breast fed even after 11 months of age. Of the 
12-23 months children covered, 82% were 
receiving complementary feeding in addition 
to breastfeeding, while the rest were solely 
breastfed. About 69% of the children were 
receiving complementary feeding <3 times a 
day, while 13% were receiving 4-5 times a day. 

wAbout 74% of 12-23 months children were 
completely immunized. About 90% and 76% 
received BCG and measles vaccines 
respectively.

wAbout 36% of the HHs were found to be 
consuming adequately iodized (>15 ppm) 
salt. 

wThe prevalence of Bitot spots was about 0.3%. 
Fever (21%), diarrhoea (8%) and ARI (3%) 
were the morbidities experienced by the 
children during previous fortnight of the survey.

About 57% of children were underweight 
(weight for age <median–2SD), 40% were 
stunted (height for age <median–2SD) and 
19% were wasted (weight for height 
<median–2SD). 

wSignificant (p<0.05)association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of undernutrition was significantly 
higher in children of landless labourers, 
illiterate parents and HHs without sanitary 
latrine. 

wA majority of the HHs (69.5%) belonged to 
OBC, while the rest belonged to SC(28.7%). 
More than half (58.4%) of the families were 
nuclear, while about a fourth (25.6%) were 
joint families. About 71% of the fathers and 
67% mothers of index children were literates. 
The average family size was 5.0. The major 
occupation of the head of HH was labour 

14. KRISHNAGIRI DISTRICT, TAMIL NADU
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(53.8%), followed by agriculture (17.4%), 
service (10.6%), artisan (9.5%) and business 
(5.9%).

wTwo thirds of the houses were semi-pucca, 
21% were pucca and 13% were kutcha. The 
major source of drinking water in a majority of 
HHs was tap (94.3%), followed by Pond/Tank 
(2.9%) and Tube well (2.4%).

wAbout 89% women reportedly fed colostrum to 
the newborns.  About seventy three percent of 
the women initiated breastfeeding within three 
hours of delivery. Only about a fourth (24.1%) 
of the women reportedly gave pre-lacteal 
feeds, the most common ones being sugar 
water (14.7%) and honey water (1.2%).

wAbout 47% of 6-11 months children started 
receiving complementary foods before 6 
months of age. About 8% of children were 
solely breast fed even after 11 months of age.  
Of the 12-23 months children covered, 44% 
were receiving complementary feeding in 
addition to breastfeeding, while the rest were 
solely breastfed. Thirty eight percent of the 
children were receiving complementary 
feeding <3 times a day.

wAbout 98% of 12 - 23 months children were 
completely immunized. Almost all (99.5%) 
and 98% received BCG and Measles vaccines 
respectively.

wAbout two thirds (65.2%) of the HHs were 
found to be consuming adequately iodized 
(>15 ppm) salt.

wThe prevalence of Bitot spots was 0.5%. Fever 
(18.8%), ARI (7.6%) and diarrhoea (2.8%) 
were the common morbidities experienced by 
the children during previous fortnight of the 
survey.

wAbout a third (33.4%) of children were 
underweight (weight for age <median–2SD), 
30.5% were stunted (height for age 
<median–2SD), and 4.5% were wasted 
(weight for height <median–2SD). 

wSignificant (p<0.05)association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of undernutrition was significantly 

higher in children of SC and ST communities, 
agriculture labourers, illiterate parents, those 
living in semi-pucca or kutcha houses, HHs 
using firewood as cooking fuel and not having 
electricity.

wA majority of the HHs surveyed other BC 
(48%), followed by SC (24.9%) and ST (6.5%). 
About 70% were nuclear families, while 25% 
were joint families. About 63% of the fathers 
and 33% mothers of index children were 
literates. The average family size was 5.0. The 
major occupation of the head of HH in a 
majority of the HHs was agriculture (48.7%), 
followed by agricultural labour (36.9%), 
business (11%) and service (1.1%).

wA majority of the houses were semi-pucca 
(81%), 12% were kutcha and only about 7% 
were pucca in nature. The major sources of 
drinking water in a majority of Hhs were tube 
well (85.5%), followed by tap (14%).

wAlmost all women (93.2%) reportedly fed 
colostrum to the newborns. Only about 40% of 
the women initiated breastfeeding within three 
hours of delivery. About 7% of the women 
reportedly gave pre-lacteal feeds; the most 
common ones were sugar water (2.5%) and 
goat milk (4.3%).

wAbout 17% of children started receiving 
complementary foods before the age of 6 
months. A majority of children (82.8%) were 
solely breast fed even after 11 months of age. 
Of the 12-23 months children covered, 64% 
were receiving complementary feeding in 
addition to breastfeeding, while the rest were 
solely breastfed. About 24% of the children 
were receiving complementary feeding 
<3 times a day, while 36% were receiving 4-5 
times a day. 

wAbout 85% of 12-23 months children were 
completely immunized. While 97% and 85% 
received BCG and measles vaccines 
respectively.

wAbout 28% of the HHs were found to be 
consuming adequately iodized (>15 ppm) 
salt. 

15.LALITHPUR DISTRICT, UTTAR PRADESH
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w
than 1%. Fever (7%), ARI (4.5%) and diarrhoea 
(1%) were the morbidities experienced by the 
children during previous fortnight of the survey.

wAbout 64% of children were underweight 
(weight for age <median–2SD), 50% were 
stunted (height for age <median–2SD) and 
20% were wasted (weight for height 
<median–2SD).

wSignificant (p<0.05)association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of undernutrition was significantly 
higher among children of SC / ST 
communities, landless labourers, illiterate 
parents, those living in semi-pucca or kutcha 
houses, HHs using firewood as cooking fuel, 
not having electricity and sanitary latrine.

wAbout 29% of the HHs belonged to SC, while 
15.7% belonged to ST. Backward and OC 
accounted for about 27% each. Of the HHs 
covered, a majority (56.2%) were joint 
families, followed by nuclear (31.3%) and 
extended nuclear families (12.5%). About 68% 
of the fathers and 49% mothers of index 
children were literates. The average family size 
was 7.0. The major occupation of the head of 
HH was agriculture (43.2%), followed by 
labour (29.8%), business (11.6%) and service 
(3.9%).

wAbout 74% of the houses were kutcha in 
nature, followed by semi-pucca (15.4%) and 
pucca (10.8%). The major sources of drinking 
water were tube well (56.9%), followed by 
open well (39.8%).

wAbout  80% women reportedly fed colostrum 
to the newborn. About 69% of the women 
initiated breastfeeding within 3 hours of 
delivery. About 23% of the women reportedly 
gave pre-lacteal feeds, the most common 

The prevalence of conjunctival xerosis was less 

16. PURULIA DISTRICT, WEST BENGAL

ones being sugar water (14.2%) and honey 
water (4.6%).

wAbout 30% of 6-11 months children started 
receiving complementary foods before 6 
months of age. About 27% of children were 
solely breastfed even after 11 months of age. 
Of the 12-23 months children covered, 98.8% 
were receiving complementary feeding in 
addition to breastfeeding, while the rest were 
solely breastfed. About 56% of the children 
were receiving complementary feeding  3 
times a day, while 40.2% were receiving 4-5 
times a day. 

wAbout 92% of 12-23 months children were 
completely immunized. About 97% and 
93.9% received BCG and Measles vaccines 
respectively.

wMajority (70%) of the HHs were found to be 
consuming adequately iodized ( 15 ppm) salt. 

wThe prevalence of Bitot spots was 0.2%. Fever 
(27.7%), ARI 27.6%) and diarrohoea (13.9%) 
were the common morbidities experienced by 
the children during previous fortnight of the 
survey.

wAbout 60% of children were underweight 
(weight for age <median–2SD), 38.2% were 
stunted (height for age <median–2SD) and 
24.7% were wasted (weight for height           
<median–2SD). 

wSignificant (p<0.05)association was observed 
between nutritional status of children and 
different socio-economic variables. The 
prevalence of undernutrition (underweight 
and stunting) was significantly higher among 
children of SC and ST communities, HHs 
involved in labour activities, illiterate parents, 
those living in semi pucca or kutcha houses, 
Hhs using firewood as cooking fuel, not having 
electricity and among HHs, where sanitary 
latrine was not available / not using. The 
prevalence of wasting was significantly higher 
among illiterate parents and in HHs without 
electricity. 
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II.  CLINICAL STUDIESII.  CLINICAL STUDIES

1.
CONTROLLED, CLINICAL TRIAL 
OF ZINC SUPPLEMENTATION 
TO FULL TERM INFANTS

DOUBLE BLIND, RANDOMIZED, 5 mg/day, as zinc, in syrupy base with Riboflavine 
0.5 mg / day, and control children received only 
Riboflavine 0.5 mg/day (since Riboflavine is not 
known to have significant effects on growth or 
morbidity and also for ethical considerations).

Zinc is considered as one of the essential (type 
1. To Supplement Zinc  (as elemental zinc 

II) trace elements, which is not stored in the body 
5mg/day ) plus Riboflavine 0.5 mg / day, to 

and  stunting in childhood is said to be an indirect 
full term infants  from 4 months  to 18 months 

evidence of Zinc deficiency. It is associated with 
and Riboflavine 0.5 mg / day,  both  in syrupy 

primary growth failure and increased morbidity. 
base  to control group children.

Six to 24 months of age is the critical period of 
2. To record anthropometric data for body growth and development in life. Cereal based 

composition assessment at recruitment, and   Indian weaning and complementary foods with 
every 3 months  till the end of the study.low levels of zinc  are high in  phytates and lead to 

low bio-availability of dietary zinc. The 3. To record morbidity data by 15 day recall every 
prevalence of stunting in preschool children in month.
India is around 50% with severe stunting around 

4. To see the effects of supplementation on 
23%. Acceleration of growth following zinc 

anthropometric indicators & morbidity and to 
supplementation is considered as direct evidence 

see whether the effect if any persists even after 
of zinc deficiency. Zinc is also essential for lean 

the discontinuation of the supplementation for 
body mass synthesis, has a role in essential fatty 

another 6months i.e.,till the age of 24 months.
acid metabolism, is an integral part of many 

The recruitment of full term newborns was enzymes and also promotes defense mechanisms 
started in  October 2003, in an urban slum with a of the body. 
population of around 30,000.  Supplementation 

Zinc supplementation studies carried out in 
was started by the age of 4 months in March 

India and elsewhere have shown 25-30% 
2004, after the children were randomly assigned 

reduction in diarrheal morbidity (episodes and 
to one of the 2 groups(A & B, either supplemented 

duration) and 41% reduction in lower respiratory 
or control). It was a double blind randomized 

tract infections.
controlled trial. Morbidity data was collected by 

With this background it was hypothesized that monthly visits through 15 day recall & anthropo-
zinc supplementation in full term infants initiated metric data collection was done at three months 
after the age of 4 months  should reduce the intervals. Quality control for interrater reliability 
morbidity,  promote growth,  both ponderal and and reproducibility was done every 3 months. 
linear, thereby prevent stunting and help in Data regarding feeding practices and any other 
attaining optimum body composition. supplementation was recorded for all the 

children. Sample size of  (180 in zinc and 180 in control 
groups) was calculated initially taking the  All children from the slum including the study 
prevalence of stunting as 25% and aiming at children had access to a medical center run by 
reduction by 50% in supplemented  group with NIN, a bi-weekly clinic run at the community 
80% power at 0.05 significance  level and adding center, but attempts were made not to interfere 
20% for dropouts. with the routine medical care provided by the 

local health authorities and private medical Through a double blind study, Zinc was given, 
practitioners.to select children through randomization,           

AIMS & OBJECTIVES
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Since October 2003, a total of 475 significantly higher in supplemented children at 
consecutive cases were recruited and placed in 12 months of age (20.2+5.34 Vs 19.0 4.4, 
one of the groups.   All the study children have p=0.02) at 9, 18, 21 and 24 months, however a 
completed 2 year follow up. Data entry is in trend was detected in this parameter (fat %) in the 
progress. supplemented group (p=0.055, 0.075, 0.073 

and 0.108 respectively). 

Mean number of episodes of diarrhea was not Four hundred and seventy five children were 
significantly different between supplemented and recruited for the study and supplementation was 
control groups (1.46 vs 1.62 per 100 days given after randomization to all as described 
followup). Similarly mean diarrheal duration was earlier. In 390 children supplementation was 
7.1 and 8.3 days respectively per 100 days follow stopped after completion of 18 months. 5 
up (p=0.039). Similarly, mean number of children died at various ages (3 due to aspiration 
episodes of LRI was 0.22 and 0.23 and duration at <6months of age, 1 due to road accident at 19 
of respiratory infection was 14.4 and 15.4 days months of age and one following convulsions at 
respectively in supplemented and control children the age of 23 months) and 79 dropped out of the 
for 100 days follow up.  study either mostly due to migration and some as 

they were not willing to continue in the study. Mean hemoglobin, serum zinc, copper levels 
Blood samples were collected from 100 children and vitamin A levels were not significantly 
after completion of supplementation at 18 different in these two groups. Mean dietary energy 
months of age, for estimation of Hemoglobin, intakes at 1½ years of age was 599+287 
Zinc, Copper and Vitamin A by standard calories  per day in these children. 
procedures. Dietary intakes were also calculated It is possible that with calorie deficits of 500 – 
by 24hours food frequency questionnaire in these 600 Kcal micronutrient supplements may not be 
100 children. able to impact growth or morbidity in infants from 

A total 20.7% of these children were LBW this socio-economic group. 
babies, males constituted 9.1% and females 
11.6%. All the anthropometric measurements 
were significantly low among LBW babies at all 
ages. There was no significant difference in body 

rd thfat percentage at 3  and 18  months among low 
birth weight and normal babies (18.7% Vs 20.1 
and 18.4 Vs 19.7 NS). 

In the pooled sample 42.1% of children were 
undernourished (weight for age), 35.3% stunted Osteoporosis  is emerging as one of the most 
and 25.1% were wasted at 18 months of age, and important problems of aging and Bone Mineral 
this proportion did not change at 24 months of Density (BMD) values are increasingly  used for 
age. There were no significant differences screening population. BMD is correlated with 
between zinc supplemented and control children fracture risk and therefore is being used as a 
in any of these parameters. Though, there were surrogate marker for osteoporosis. However, 
no significant differences in all the anthropo- BMD guidelines for diagnosis of osteopenia or 
metric parameters between the two groups there osteoporosis in Caucasians may not be suitable 
was an excess of height gain of 0.39 cms in for Indian population.
supplemented  children, which was not 

Therefore, there is a need for studies from  
significant.

different regions of the country to establish a data 
Mean body fat percentage was between 18% base of PEAK BONE MASS at different sites and 

and 21% in all the pooled sample during the study the age at peak bone mass. It is also necessary to 
period. Mean body fat percentage was establish bone densities at different age groups in 

RESULTS

+

2. ASSESSMENT OF PREVALENCE 
OF OSTEOPOROSIS IN ADULT 
POPULATION IN INDIA - 
INDIAN COUNCIL OF MEDICAL 
RESEARCH TASK FORCE STUDY
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relation to the dietary calcium intakes and other 1. Dietary assessment  of calcium intakes by the  
related factors to study the prevalence of food frequency method. 
osteopenia and osteoporosis. 2. Biochemical tests by standard procedures.  A 

fasting blood sample was drawn between 
9.30a.m. - 11.00 am. for the following testsThe ICMR Expert Group on Osteoporosis 
- Haemoglobinrecommended that an epidemiological, 
- Serum Albuminmulticentric, nationally representative study 
- Serum calcium should be carried out on both men and women to 
- Serum  phosphorusassess the incidence and prevalence of 
- Serum alkaline phosphataseosteoporosis in India in four centres, National 
- Plasma 25 hydroxy vitamin D3Institute of Nutrition (NIN) is one of the important 
- Serum parathormoneICMR centre. Besides, there is a need to have 
- Urine fluoride levelsstandards of normal bone density in India of 

spine, hip and forearm. - 24 hour urinary calcium (wherever possible    
in at least in 20% of the subjects)

3. Physical activity assessmentI.To establish peak Bone Mineral Density (BMD) 
reference values for Indian men and women 4. Sun exposure for vitamin D status
(Group-1). BMD measurements were carried out at the 

II.To assess the prevalence of osteopenia and following sites using DXA  
osteoporosis in Indian populations (Group –2). - Left hip 

- Left forearm for right  handers and vice versa
- Spine (L1-L4 ) AP  
- Whole body mineral content and body 

To establish reference values of BMD, (age composition.
group of 20-30 years), men and women who 
“have no constraints” to growth and bone 
mineralization during childhood & adolescence 
were recruited. A check list defined the 'no 
constraints' group.

Subjects from the upper socio-economic AGE GROUP:  30 years and above upto 70+ 
group with normal BMI (18.5-25.0) from a years for both men and women, and divided into 
locality which is known to have people from the 5 age groups 30-40, 40-50, 50-60, 60-70, 70+ 
upper socio economic group (i.e.  Grade A  years.
colony), and where the selected subjects  have Socio-economic groups: The following three 
been living for atleast 10+ years were recruited. socio-economic groups were included for the 

study.Exclusion criteria which are likely to interfere 
1. High income groupwith bone growth/bone mass were identified 
2. Middle income groupwhile recruiting the subjects for the study.
3. Population living in the urban slum.

1. High Income group: Criteria given earlier Assuming a mean BMD of 0.9 with a confidence 
was followed. The 10 years rule however, was interval of 95% and with a relative precision of 
not operative.5%, a sample size of 100 was fixed to give a stable 

2. Middle Income group :  Population living in estimate for BMD. Hence, each centre has 
a known middle class locality.selected 100 men and 100 women. 

3. Urban slum : Those living in the well 
The following information was collected from  

demarcated urban slums.
each individual selected.

Rationale

To Establish BMD Reference Values in 
Indian Men and Women (Group-I)

To assess the prevalence of osteopenia 
and osteoporosis  in Indian population 
(Group -2)

Sample size  

OBJECTIVES
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Sample size The mean heights of the younger (30-40 
years) men and women from the HIG were less Three areas to represent urban upper 

th
than the 50   percentile of the NCHS standards.  income/middle income and slum area was 
However, the mean BMI's of the HIG was in the selected.  Ten thousand  population in each of the 
over weight range and that of the MIG and LIG areas was  identified and  enumerated.  Based on 
was normal except for the MIG women who had the population proportion of each age group 
mean BMI's of 25.9.from 30 to 70 +years, 250 men and 250 women 

were selected  giving proportionate represen- The calcium intakes from food sources 
tation to the population in each age group. ranged from 974 mg/day in the HIG which is 

close to the Western RDA, 665 mg in the MIG and Simple random sampling was used to select 
297 mg /day in the slum population which is the households to cover the required sample.
much below the Western RDA.  It was not different 

A sample of 250 was fixed for each of the in the men and women from the same socio-
income and sex groups with the assumption of economic group.
20% prevalence and relative error of 25% and a 

The surface area exposed to sunlight varied level of confidence of 95%. 
from 20% (in men) to 35% (women).  This did not 

Biochemical tests : was carried on a fasting vary across the 3 groups. The time of exposure 
blood sample in 20% of the above sample.  The was however, 1 hour (HIG and MIG men) to 2 
list of tests are as given earlier for the Group I. hours (LIG men) when compared to about half an 

hour in HIG and MIG women and 1 ½ hours in 
LIG women.

A total of 1630 adults in the age group of 30 – 
Pooled analysis of the data on bone parameters 70+years were recruited for the study from the 3 
will be carried out by the ICMR. socio-economic groups. The table-2 gives a 

breakup of the distribution of men and women in 
each group. Their mean ages ranged from 50+ As mentioned above, young men and women 
years in the HIG men to 45+ years in the LIG. in the age groups of 20-30years, with no 

The weights and heights of the men and constraints to growth during their growth phase 
women from the HIG were greater than the and with no present or past health problems 
weights and heights of the LIG, whereas these known to affect growth were recruited for the 
values for the MIG were in between.  There was a study. The total sample size was 210 (male 104, 
secular increase in heights of the HIG and MIG female 106) and the mean (SD) age was 
men and women and also in the case of LIG men, 24.1+3.13years, and this was not different in the 
that is the older generation was shorter when two gender groups. Their mean (SD) heights (cm) 
compared to the younger generation, however, were 174.1+6.19 in men and 159.9+5.61in 
there was no secular increase in heights of the women. Mean (+SD) weights (kg) in men were 
women from the LIG. 69.7+8.06 and 57.6+11.9 in women. Calcium 

RESULTS – PREVALENCE GROUP

REFERENCE GROUP

Income 
group/ Sex 

Age (yrs) Weight (kg) Height (cm) BMI 

High      M   (255) 50.56±13.144 76.6±12.03 169.5±6.90 26.9 ±3.77 

              F   (328) 49.05 ±11.726 66.9±11.12 155.7±6.55 28.1 ± 4.22 

Middle   M  (253) 47.41±12.618 68.0±11.53 165.9±6.18 24.6 ( 3.60 

           F  (262) 45.81(12.055) 59.6(10.69) 151.8(5.60) 25.9 (4.32) 

Low    M 283) 45.12(11.078) 55.8(10.36) 161.8(6.22) 21.3 (3.71) 

           F  (249) 45.30(11.040) 52.2(11.5) 149.7(5.96) 23.2(4.54) 

 

Table-2. Anthropometric data of the subjects from different socio economic groups
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(mg) intakes in men was 1074.7 379.0 and divided into <25 years & > 25 years. When the 
women 991.3+348.0. data was analysed for men & women separately in 

these age groups there were  no differences in the Exposure to sunlight – Both men and women 
bone parameters in the two age groups except for had similar body surface areas exposed to 
the spine BMD which was better after the age of sunlight and it was around 24%, however, the 
25 years in the case of women (0.961+ duration of exposure was 76.5+59.88 minutes in 

20.081g/cm  at <25 years, & 1.016+ men and only 45.0+48.43 minutes in women.
20.145g/cm  at >25 years P<0.014) and a trend 

The population recruited for the reference 
towards better T scores at this site (P<0.063). In 

group had normal blood biochemistry and there 
addition, women had higher levels of parath 

were no differences between the two sex groups 
hormone after the age of 25 years 

(Hb: 13.4+1.46gm/dl); serum albumin: 
(34.85+21.27pg/ml at 20–25 years and 

4.5+0.19 g/dl; serum calcium: 9.8+0.70 
46.178+ 31.516pg/ml after 25 years 

mg/dl; serum phosphorus : 4.4+0.45mg/dl.  
P<0.042). Surprisingly the forearm bone 

Men had a higher vitamin D levels (Men: 
parameters and whole body BMD were 

24.3+14.63ng/ml, women :18.6+15.06 ng/ml 
significantly better after the age of 25 years in 

(P<0.05) but the PTH levels were not different 
men but not in the case of women.

(Mean : 38.2+25.17 pg/ml).  All the subjects 
Using the Z score it is obvious that the bone had normal urinary fluoride levels.

parameters of young adults from these The bone parameters were as follows: 
backgrounds are very close to the western 

Using the western cut-off levels the mean Z standards. The peak bone mass is achieved at the 
scores for  BMD at neck of femur was –0.22+ age of 20-25 years in this population with  a 
0.872, Tronchanter (Z scores –0.15+0.787), hip plateau after that,  however, the PBM at spine for 
BMD (Z scores – 0.17+0.745), forearm BMD (Z women and forearm for men appears to occur 
scores–0.40+0.826), spine (Z scores –0.73+ after 25 years.  When the bone parameters were 
0.823). There was a wide variation in the Z correlated with variables such as weight, height, 
scores, with Z scores for men slightly worse off BMI and biochemical parameters, it was 
than that for women but they were not significantly significant that weight and BMI in females and 
different except in the case of spine and forearm men correlated with densities at all the sites 
where men had poorer Z scores (P<0.05).   Men (P<0.05).
had a mean SD whole body BMC of  2472 +  

In addition higher the extent of activity status, 314gms of mineral content whereas, women's 
higher the BMDs at all sites except the forearm.  whole body mineral content was 2026+205gms, 
The activity score of 3 appeared to be optimum, and they were significantly different in the two 
for bone density increase.  Any further increase in groups (P<0.05).  
activity score did not impart further benefit. Infact 

Since, the age group of the study sample was 
higher activity levels appears to have resulted in 

20-30 years, it was felt that the peak bone 
poorer BMD in these groups of youngsters.

accretion would have occurred only in late 20s.   
Sunlight exposure was not correlated with any To explore this possibility the subjects were further 

+



1.ROLE OF ZINC – IN THE TRIAD OF 
TRUNCAL ADIPOSITY, INSULIN 
SENSITIVITY & PROINFLAMMATORY 
CYTOKINES : BASELINE DATA  

                                                      

Coronary Heart Disease (CHD) is known to 
be a major cause of morbidity and mortality world 
wide, and is assuming an increasing role as a 
significant cause of morbidity and mortality in 
developing countries. It has been shown that 
there is several fold increase of coronary heart 
disease from 1960 to 1990 in the urban India. A 
major proportion of these patients are relatively 
young and 35-40% shows no major risk factors. 
Higher trygleceride, lower HDL and increased 
visceral fat and insulin resistance have been 
proposed as reasons for the higher risk of CHD 
and type 2 diabetes. There seems to be a role for 
sub clinical micronutrient deficiency in this 
phenotype of central obesity and increased 
insulin resistance in Indians of the micronutrients, 
zinc has been shown to promote insulin sensitivity 
and protein synthesis and also reduce fat 
deposition apart from modulating chemokine 
response. Subclinical zinc deficiency could be 
prevalent in India, which might be contributing to 
insulin resistance. 

Recent studies have shown adipose tissue to 
be an endocrine organ that actively secretes a 
number of proinflammatory cytokines and 
chemokines; that are also called adipokines. 
Most of these adipokines such as TNF-, ICAM 1, 
resistin, leptin reduce insulin sensitivity and 
contribute to endothelial dysfunction. On the 
other hand adiponectin, improves insulin 
sensitivity and is antiatherogenic. In the present 
study the prevalence of insulin resistance and its 
association with adipokines and CHD risk factors 
in young adults was studied. 

Eighty five apparently healthy men and 
women aged twenty to thirty years, were enrolled 

METHODS

Subjects & Study design 

III.  MICROBIOLOGY & IMMUNOLOGYIII.  MICROBIOLOGY & IMMUNOLOGY

for the study. A fasting blood sample was 
collected from these subjects for measuring zinc, 
adiponectin, resistin, blood glucose, insulin 
concentration and lipid levels.

Anthropometrical measurements include 
weight (to the nearest 0.1 kg ), height (to the 
nearest 0.1 cm) The body mass index (BMI) will be 
calculated as body weight divided by body height 
squared.

High Density Cholestrol (HDL) & triglycerides 
were measured by kits. Insulin in the fasting 
sample was measured by radioimmunoassay 

 using Human Insulin EIA kit (DAKO Diagnostics 
 

Ltd.,). Insulin resistance was calculated using the 
homeostasis model assessment (HOMA). The 
HOMA index was calculated as fasting insulin 
concentration (µU/mL) x fasting glucose 
concentration (mmol/L) / 22.5. 

2 BMI equal to or greater than 23 kg/m was 
 

considered  as cutoff point for overweight. Serum 
zinc was assessed by AAS. Adiponectin and 
resistin were measured by ELISA.

3.5% of the subjects under study had high 
serum glucose values (> =110 mg/dl), however 
a significant proportion (43.8%) of them had 
poor insulin sensitivity (HOMA >=3.16). A 
proportion of 36.3% had BMI >=23.0. 
cholesterol and triglyceride concentrations were 
higher than the normal values in 7.1% and 8.2% 
respectively while HDL was less than the normal 
value (>=35 mg/dl) in 58.8% of the subjects. 
7.2% of the subjects had Zinc deficiency 
((<70µg/dl). Significantly higher proportions of 
males had higher BMI and higher HOMA 
compared to females. (P<0.05) and the mean 
values of Zinc (85.4µg/dl) was significantly 
(P<0.05) lower in males. 

BMI was significantly associated with HOMA 
(P<0.05) and as expected was also associated 
with high glucose and high insulin concentration 

 

BODY COMPOSITION & ANTHROPOMETRY 

BIOCHEMICAL PARAMETERS 

RESULTS
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(P<0.05). Lipid levels were however comparable 
between the two BMI groups (BMI <23.0 and 
BMI >=23.0). Of the two adipokines tested, 
adiponectin was inversely associated with BMI 
while resistin was comparable (Table 3).

Table 3. Association of cardiovascular risk 
factors with BMI in young adults

Values are Mean ± SE. 
Number in parentheses denotes number of samples.

  * p < 0.05

When the subjects were stratified based on 
HOMA, subjects with HOMA >=3.16 had 

significantly lower Zinc and adiponectin 
compared to subjects with HOMA<3.16 group 
(Table 4). The lipid levels and resistin were not 
associated with HOMA. 

Table 4. Association of Zinc and 
adiponectin with HOMA in young adults

Values are Mean ± SE. Number in parentheses 
denotes number of samples. * p < 0.05

A significant proportion of young adults have 
high BMI and insulin resistance as indicated by 
HOMA. Similar to other reports, adiponectin; an 
adipokine was inversely associated with insulin 
sensitivity. Zinc might have a beneficial role in 
insulin sensitivity. The present study also indicates 
a male predisposition to develop insulin 
resistance & higher BMI associated with low zinc 
status.

CONCLUSION 

Parameter  BMI <23.0 BMI >=23.0 

HOMA  
2.98 ± 0.21 

(51) 

4.14 ± 0.35* 

(29) 

Insulin 
(mU/L)  

13.0  ± 0.79 

(51) 
17.4  ± 1.37* 

(29) 

Glucose 
(mg/dl)  

92.7  ± 1.08 

(51) 
96.6  ± 1.71* 

(29) 

TG (mg/dl)  90.3 ± 7.72 

(51)
 

95.5 ± 6.10 

(29)
 

cholesterol 
(mg/dl)

 

 

145.6 ± 4.85
 

(51)
 

147.2 ± 7.78
 

(29)
 

HDL 
(mg/dl)

 
33.1 ± 1.64

 

(51)
 

37.2 ± 2.61
 

(29)
 

Adiponectin  
(µg/ml)

 3.4  ± 0.18
 

(49)
 

2.5  ± 0.26*
 

(29)
 

Resistin 
(ng/ml)

 
3.73  ± 
0.338

 

(51)
 

3.03  ± 0.490
 

(29 )
 

Parameter HOMA<3.16 HOMA >=3.16 

BMI 
21.1 ± 0.40 

(45) 

23.8 ± 0.55* 

(35) 

Zinc (mg/dl) 
91.0 ± 2.32 

(37) 

82.1 ± 3.45* 

(18) 

TG (mg/dl) 
86.9 ± 7.85 

(49) 

94.9 ± 5.97 

(36) 

Cholesterol
(mg/dl)

 
147.6 ± 5.01 

(49) 

139.8 ± 6.65 

(36) 

HDL (mg/dl) 
33.7 ± 1.72 

(49) 

34.5 ± 2.23 

(36) 

Adiponectin 
(µg/ml) 

3.3 ± 0.19 

(48) 

2.7 ± 0.24* 

(35) 

Resistin 
(ng/ml) 

3.80 ± 0.398 

(49) 

3.18 ± 0.334 

(36) 
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IV.  BASIC STUDIESIV.  BASIC STUDIES

1. VALIDATION OF IRON BIO-
AVAILABILITY USING THE 
CACO-2 CELL MODEL

Poor density and bioavailability of dietary iron 
from staple foods are the major etiological 
factors for the widespread prevalence of iron 
deficiency in India. Increasing the density and 
bioavailability of iron either by chemical 
fortification and biofortification are being 
considered as strategies to control and prevent 
anemia. The Department of Biotechnology, 
Ministry of Science and Technology has initiated 
the crop-biofortification project with the aim to 
increase the density of iron, zinc and b-carotene 
in major staple crops such as rice, wheat and 
maize. In this context screening for iron 
bioavailability of various germplasm and breeder 
lines is necessary to select elite source of iron. 
Although human studies are described as gold 
standard for assessing the bioavailability of iron, 
in the recent years coupled in vitro digestion/ 
Caco-2 cell model has been used as a screening 
tool to assess the bioavailability of iron and 
carotenoids from various kinds of food sources 
including biofortified varieties. Thus, it is 
envisaged to establish the screening facility and 
also validate the same for bioavailability of iron,  
zinc and b-carotene.

To validate the Caco-2 cell model for iron 
bioavailability ferrous sulphate and purified pea 
seed ferritin (Fig. 1) as sources of iron in the 
presence and absence of ascorbic acid and 
phytic acid was tested. Simulated in vitro 
digestion was performed. Caco-2 cells of 
passages 15-20 at 12-14 d post seeding in a 6 
well  tissue culture trans well plate was used for 
testing the bioavailability. 

Briefly, 100µL of stock purified pea phytoferritin 
(780µg of iron/2.5mg protein/mL) or equivalent 
amount of iron from ferrous sulphate was 
subjected to peptic and intestinal phases of 

METHODS

Validation of Caco-2 cell for iron bioavailability

digestion. Two mL of this digest was placed in 
apical chamber of the transwell plate for a period 
of 2h. Subsequently the apical chambers were 
removed and the cells were further incubated for 
22h. Cell extract was prepared and ferritin was 
assayed using a specific ELISA method as a 
surrogate marker for iron bioavailability and 
expressed as ng ferritin /mg protein.

Figure 1. Characterization of purified pea ferritin: 

12.5% SDS-PAGE of pooled fractions obtained after 

gel filtration chromatography on Sepharose-6B 

column. Lane 1, molecular weight markers; Lane 2 

and 3, 5 and 10g of purified pea seed ferritin

Purified pea ferritin was incubated in the 
presence and absence of pepsin either at pH 7.2 
or at 2 for a period of 2h and the integrity of the 
protein was monitored by  native and SDS-PAGE.  
To assess the secondary and quaternary structure 
of pea ferritin at gastric pH, pea ferritin was 
incubated for a period of 30min at room 
temperature at pH 2 and 7.2 followed by 
spectropolarimeter (JASCO-810) and gel 
filtration chromatography on TSK2000S column 
in an HPLC. The percentage of secondary 
structure was calculated using the web-based 
program K2D.  

Each experiment was conducted in triplicate 
and analyzed in duplicates. The ferritin data were 
log transformed and the means were compared 
using one-way ANOVA followed by least 
significant differences (LSD) post-hock test (SPSS–11).

Iron from the sources, FeSO and phytoferritin 4 

(purified pea ferritin), increased cell ferritin 
content significantly (P<0.001) compared to the 

Gastric stability of pea ferritin

Validation of Caco-2 cell line for iron 
bioavailability

RESULTS
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control. The increase in ferritin was significantly 
lower with pea ferritin than that of FeSO4. The 
cell ferritin content in the presence of ascorbic 
acid (molar ratio of 1:5) increased significantly 
with both the sources of iron compared to their 
respective controls (FeSO4 and phytoferritin) 
(P<0.001). However, the ferritin formation was 
significantly higher in FeSO4 treated cells 
compared to pea ferritin (<0.003) in the 
presence of ascorbic acid.  Further, addition of 
phytic acid along with pea ferritin (molar ration 
1:1) dramatically reduced the caco-2 cell ferritin 
formation compared to pea ferritin alone 
(P<0.001). These results are in line with the  

enhancing and inhibitory effects of ascorbic acid 
and phytic acid, respectively, on iron absorption 
in humans and thus validating the caco2 cell line 
for iron bioavailability studies.

Figure 2. Caco-2 cell ferritin formation was 
measured by ELISA. Control (saline), FeSO4 

(78 g iron) and pea ferritin (78 g iron in 0.24 
mg protein) in the presence or absence of 
ascorbic acid (1:5 ratio) and pea ferritin in 
presence of phytic acid (1:1 ratio) Means that 
do not share common letter differ 
significantly, P<0.001

Pea ferritin moved as a single band on native-
PAGE at pH 7 while no band was observed either 
in the absence or presence of pepsin at gastric pH 
2.0 (Fig 3A). Upon SDS-PAGE, pea ferritin moved 
as 26 and 28 kDa bands at both pH 7 and 2 and 
no visible band in the presence of pepsin except 
for the enzyme band at 36kDa (Fig. 3B). These 
results suggest that the pea ferritin is highly 
sensitive to gastric pH and undergoes 
dissociation and peptic digestion.  

Gastric stability of pea ferritin  

In order to confirm the nature of pea ferritin 
dissociation at gastric pH, pea ferritin was 
subjected to gel filtration chromatography on 
TSK-2000 column (Fig. 4). At pH 7.0, pea ferritin 
moved as a single peak in the void volume of the 
column and was detected both at 280 (protein) 
and 420 nm (protein bound iron), confirming the 
integrity of the protein. Incubation of pea ferritin 
at pH 2 led to a reduction in the peak area at the 
high molecular weight region and a concomitant 
increase in protein eluting at low molecular 
weight region with no absorption at 420 nm. 
These observations confirm the dissociation of 
pea ferritin at acidic pH and release of protein 
bound iron.

Figure 3. Digestive stability of pea ferritin: 
6% PAGE (A) and 12.5% SDS-PAGE (B) 
Purified pea ferritin at pH 7.2 (lane 1) and at 
pH 2 in the absence (lane 2) and in presence 

0of pepsin for 2 h at 37 C (lane 3)

Figure 4. The elution profile of purified pea 
ferritin either at pH 7.2 or pH 2 fractionated 
on TSK 2000 column. The protein monitored 
at 280 nm and protein bound iron at 420 
nm.

To further elucidate the effects of acidic pH on 
pea ferritin, far UV spectral analysis was carried 
out (Fig 5). At native pH, purified pea ferritin 
showed a typical-helical spectrum & acidification 
led to a significant loss in secondary structure. 
Analysis of the CD data using K2D programme 
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indicated a high content of -helix (76%) in the 
protein followed by b-sheet (2%) and random coil 
(22%) conformation at pH7. However, 
acidification of pea ferritin reduced the a-helical 
content (28%) and increased the b-sheet (23%) 
and random coil (49%) conformation (Fig. 5, 
inset). These results strongly suggest loss of 
quaternary and secondary structure of pea ferritin 
at gastric pH and complete dissociation of 
protein bound iron. 

Figure 5. Far UV CD-spectra recorded in the 
range of 200–250 nm. Inset, the percentage 
of secondary structure calculated from the 
CD data points using K2D program: Purified 
pea ferritin  (1 mg/mL) at pH 7 or at pH 2

Caco-2 cell line is a good tool for assessing 
iron bioavailability. The plant ferritin is susceptible 
to gastric digestion and therefore, the released 
iron interacts with dietary factors such ascorbate 
and phytate leading to increase or decrease in its 
bioavailability.
 

The Technical Committee constituted by the 
Government of India under the Chairmanship of 
Dr. M. K. Bhan, Secretary of DBT, GOI on 
“Formulation of Guidelines for use of double 
fortified Salt (DFS) as a measure to reduce 
prevalence of anaemia” has recommended for 
introducing NIN-DFS in nutritional programmes 
for vulnerable groups. As per the recommen-
dations of the ICMR Expert Committee on 
commercialization of DFS, advertisement with 

a

CONCLUSIONS 

2. COMMERCIALIZATION OF 
  DOUBLE FORTIFIED SALT

regard to technology transfer of NIN-DFS was 
released in the following newspapers: (i) The 
Times of India (English, Throughout India),       
(ii) Nav Bharat Times (Hindi, Throughout India), 
(iii) Dinamalar (Tamil, Tamil Nadu), (iv) Eenadu 
(Telugu, Andhra Pradesh), (v) Divya Bhaskar 
(Gujarathi, Gujarat) and (vi) Dainik Bhaskar 
(Hindi, Rajasthan).  Furthermore, letters have 
been written to the Secretaries of Women 
Development and Child Welfare Department of 
all the States & UTs in the country (total: 35) 
advocating the introduction of NIN-DFS in 
nutritional programmes of the States & UTs.  

The demand for the Filed Kit for testing iodine 
in iodized salt and double fortified salt is 
increasing day by day. Recently the Andhra 
Pradesh Government and the Salt commissioner, 
GOI have requested for the supply of large 
number of this kit. Therefore, the large-scale 
production of this kit was taken up. The colour 
gradation card of the kit is replaced by a colour 
gradation sticker with instructions for use, which is 
pasted on the plastic dropper bottle of the test 
solution. By this process the cost of the kit is 
reduced by 4 rupees per kit. Each kit can estimate 
250-300 salt samples. About 400 kits were sent 
to the Salt Commissioner, GOI for use in field 
conditions and feed back is excellent.  Some kits 
were given to the UNICEF, Hyderabad for use in 
the field.

There is a demand for the Filed Kit for testing 
iron in iron fortified salt and double fortified salt in 
the country.  Recently the UNICEF officials from 
Chhattisgarh and Andhra Pradesh have 
requested for the supply of large number of this 
kit.  Therefore, the large-scale production of this 
kit was taken up.  The colour gradation card of 

(A)Service activities of the Regional 
Iodine Monitoring Laboratory 
(Southern Region):

2. Field Kit for testing iron in iron 
fortified salt (IFS)/double fortified salt 
(DFS)

1. Field Kit for testing iodine in iodized salt 
(IS)/double fortified salt (DFS)
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the kit is replaced by a colour gradation sticker 
with instructions for use, which is pasted on the 
plastic dropper bottles of the test solutions. By this 
process the cost of the kit is reduced by 4 rupees 
per kit. Each kit can estimate 250-300 salt 
samples.  About 20 such kits were sent to the 
UNICEF, Chhattisgarh. 

Maternal undernutrition is hypothesized to 
predispose the offspring to various diseases 
including insulin resistance syndrome (IRS) in 
adult life. It was reported earlier that maternal 
dietary vitamin / mineral restriction altered the 
body fat content, plasma lipids and insulin 
secretion, suggesting their predisposal to IRS. 
This was associated with oxidative stress and 
changes in adipokine expression in the offspring. 
It was also observed that maternal mineral 
restriction induced alterations in body fat % and 
fat / glucose metabolism in the offspring were 
somewhat irreversible by rehabilitation 
compared to those caused by vitamin restriction. 
Therefore it was considered pertinent to identify 
the causative mineral(s) important in the foetal 
programming for adiposity and hyperglycemia / 
insulin resistance in the offspring. 

Deficiencies of Fe, Ca, and trace elements 
are common in Indian population and it is true 
that despite universal supplementation of iron 
and folate during pregnancy, incidence of low 
birth weight continues to be high (~ 33%) among 
Indians. Prevalence of high body adiposity, IR and 
its associated diseases has been on the rise in 
India. Therefore, it was considered that maternal 
trace element deficiency could be a factor 
responsible for this. Magnesium, the fourth most 
common cation in the body is involved in varied 
biological processes. As a cofactor for several 
enzymes, it modulates carbohydrate and lipid 
metabolism. Data on prevalence of Mg 
deficiency are scarce. Incidence is reported to be 

3. DEVELOPMENTAL ORIGINS OF 
ADIPOSITY AND INSULIN 
R E S I S T A N C E :  R O L E  O F  
MATERNAL AND POSTNATAL 
MAGNESIUM STATUS

25–39% in patients with diabetes mellitus and 
approximately 45% in pregnant women in 
developing countries such as India. Nevertheless, 
the role of maternal Mg deficiency in 
predisposing the pups to adiposity has not been 
assessed. In the light of earlier studies, the study 
was carried out in Wistar/NIN (WNIN) rats to 
validate the hypothesis that maternal Mg 
restriction per se predisposes the pups to 
increased body adiposity / insulin resistance later 
in their life.

1. Assess the role of maternal magnesium 
deficiency in predisposing the offspring to 
adiposity and IR in later life.

2. Determine the preventability/delay of the 
effect by appropriate rehabilitation of the 
mothers/offspring and also decipher the 
probable biochemical basis of IR vis a vis the 
role of magnesium status.

Female, weanling Wistar/NIN (WNIN) rats 
were divided into two groups. One group of rats 
was fed for twelve weeks, a casein based control 
diet (AIN – 93G) with 70% restriction of 
magnesium. The other group of rats served as the 
pair fed controls for the restricted group. After 
assessing their magnesium status, the rats were 
mated with control males and maintained on their 
respective diets throughout gestation. At 
parturition, one third of the restricted dams were 
shifted to control diet (MgSP) and the remaining 
restricted dams continued on restricted diet 
throughout the lactation. While control (MgC) 
and MgSP pups were weaned on to control diet, 
half of the restricted pups were also weaned on to 
control diet (MgSW) and the other half of the 
restricted pups continued on restricted diet (MgR). 
To avoid the possible effects of estrus cycle on 
glucose/fat metabolism and IR, only male 
offspring have been included in these studies.

Glucose tolerance test, GTT (area under 
curve, AUC for glucose and insulin), Insulin 
resistance (Homeostasis Model assessment, 
HOMA index & Glucose AUC : Insulin AUC), 
Body composition (as determined by total body 
electric conductivity) and plasma lipid profile 

OBJECTIVES

Experimental

26



were analyzed in the offspring at regular intervals. 
The probable biochemical basis of the effect was 
monitored by assessing the (i) Parameters of 
oxidative stress (Malondialdehyde and protein 
carbonyls) and antioxidant status (reduced 
glutathione, and activities of catalase, superoxide 
dismutase (SOD) and glutathione peroxidase 
(GPx) in the liver of the offspring at 6 and 18 
months of age, (ii) expression of appropriate 
adipocytokines (TNFa, Leptin and adiponectin) 
and (iii) lipid metabolic enzymes (Fatty acid 
synthase, FAS & Fatty acyl transport protein         
1 : FATP 1) by ELISA / western blot in appropriate 
tissues.

Chronic dietary Mg restriction had no 
significant effect on the diet intake of WNIN 
female rats or their body weight gain, although 
significant decrease was observed in the plasma 
levels of magnesium in the restricted rats. The 
glucose tolerance, insulin resistance status and 
plasma lipid levels were comparable between rat 
dams of control and Mg restricted groups. 

Weight gain during pregnancy and litter size 
were also comparable between the two groups 
and the birth weights of the offspring were 
comparable between the two groups. It appears 
from these results that Mg deficiency per se at the 
level generated in this study may not affect 
glucose tolerance, adiposity, insulin sensitivity / 
resistance and reproductive performance of the 
WNIN female rats. 

However, when maternal Mg restriction, 
continued post-natally through lactation and 
weaning, body weight of the offspring was 
decreased at weaning and thereafter, indicating 
the importance of Mg in the neonatal and 
postnatal nutrition, in the development of rat 
offspring. In line with earlier report that multiple 
mineral restriction in rat dams increased the body 
fat and plasma triglyceride levels in the offspring 
at 3 months of age, MgR offspring also had 
significantly higher body fat % and plasma 
triglycerides in addition to lower LBM and FFM as 
compared to MgC rats on post natal day 90. 
These results not only suggest their probable 
predisposal to insulin resistance but also that 
maternal Mg deficiency significantly decreased 

RESULTS 

muscle mass in the offspring, an insulin sensitive 
tissue important in post prandial glucose 
clearance. At this time point however, there was 
no significant effect on fasting glucose, insulin, 
HOMA-IR (insulin resistance) or glucose 
tolerance in restricted offspring. Interestingly, 
MgSW but not MgSP offspring had significantly 
higher fasting glucose at this time point again 
indicating the importance of Mg during lactation 
is modulating glucose metabolism in offspring. 

On post-natal day 180, fasting plasma 
insulin levels and HOMA-IR were significantly 
higher in MgR offspring compared to controls 
indicating the importance of maternal Mg 
deficiency and its postnatal continuation in the 
development of insulin resistance in the offspring 
at 6 months of age (Fig. 6). 

That rehabilitation of MgR mothers from 
parturition and their offspring from weaning or 
weaning MgR offspring on to control diet had no 
effect (in fact the fasting insulin levels increased 
further) on these indices not only indicates the 
importance of maternal Mg deficiency in 
predisposing the offspring to insulin resistance 
and the irreversibility of the defect by 
rehabilitation from as early as parturition but also 
that Mg supplementation from as early as birth 
may worsen the IR in offspring, an observation in 
agreement with Barker's hypothesis.

On postnatal day 180, bioavailability as 
indicated by area under curve (AUC) glucose was 
comparable between MgC and MgR offspring. 

Figure 6. HOMA values of the  rat offspring of 
different groups on postnatal  3, 6, 12 and 18 
months

Each bar represents a mean  SEM (n=6) At a 
given age, means with different superscripts are 
significantly different (p<0.05)  by one way 
ANOVA.
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Rehabilitation of MgR offspring from weaning but 
not parturition significantly increased AUC 
glucose suggestive of impaired glucose tolerance 
in the MgSW and emphasizes that neonatal/ peri-
natal Mg nutrition is important in modulating 
glucose tolerance and/or metabolism in the 
offspring (Fig.7).

Interestingly, AUC for insulin was significantly 
lower in MgR offspring than controls and either 
rehabilitation regimen had no effect on it. Taken 
together with the fasting hyper insulinemia in 
these rats, these findings indicate the impaired 

Figure 7. Glucose AUC (panel A), Insulin 
AUC (panel B) and ratio of glucose AUC: 
insulin AUC (panel C) the rat offspring of 
different groups on postnatal 3, 6, 12 and 18 
months

Each bar represents a mean  SEM (n=6) At a 
given age, means with different superscripts are 
significantly different (p<0.05)  by one way 
ANOVA.

capacity of  cells to secrete insulin to a glucose 
challenge. Whether this is due to the lower 
number/ mass of the b cells and/or the possible 
exhaustion of b cells in these rats need to be 
delineated. The ratio of AUC glucose: AUC 
insulin was also significantly increased in MgR 
offspring compared to controls and rehabilitation 
did not mitigate this change (Fig.7 PanelC). These 
findings are in general , similar to those seen in 
type 2 diabetes. Interestingly, the increase in body 
fat % (Fig 8)& decrease in LBM & FFM 
(Fig.9)observed in the MgR offspring at 3 months 
of age were persistant at this time point and were 
also not corrected by either rehabilitation 
regimen. 

Figure 8. Body fat % (Panel A), lean body 
mass (Panel B) & fat free mass (Panel C) of the 
offspring of different groups on postnatal 3, 
6, 12 and 18 months as determined by 
TOBEC.

Each bar represents a mean  SEM (n=6) At a 
given age, means with different superscripts are 
significantly different (p<0.05) by one way 
ANOVA

These findings are in agreement with 
literature, which suggests that changes in 
adiposity precede IR in general. However, there 
were no differences among the four groups of 
offspring in their oxidative stress, antioxidant 
status or glucose uptake by diaphragm at this 
time point. Though not significant, insulin 
stimulated glucose uptake was lower in 
diaphragm of MgR than MgC. MgSP but not 
MgSW seemed to reverse the effect again 
stressing the importance of Mg during lactation in 
regulating glucose clearance / metabolism. 
Although plasma adiponectin levels were 
comparable among the four groups, plasma 
leptin levels were significantly reduced in MgR. 
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That MgSP but not MgSW offspring had leptin 
levels corrected but not body fat appears to 
suggest that hypoleptinemia and/or leptin 
resistance may co exist in them. Thus the findings 
emphasize that maternal and postnatal Mg 
nutrition is important in modulating adiposity, 
insulin resistance and glucose tolerance and / or 
metabolism in the offspring.

Literature evidences indicate that adiposity 
changes and insulin resistance precede the 
development of type 2 diabetes and related 
abnormalities. In line with these reports, it was 
observed that maternal Mg restriction increases 
adiposity in the rat offspring at 3 months and 
insulin resistance at 6 months of their age. 
Whether or not these changes observed at 3 & 6 
months of age will be sustained and / or 
precipitate in type 2 diabetes and / or associated 
disorders in the offspring at later time points was 
assessed in the offspring at 9, 12, 15 and 18 
months of age. 

Interestingly, changes in body adiposity 
observed in MgR offspring on postnatal day 90 
were sustained till 18 months of age and neither 
rehabilitation regime could correct it (Fig.8). 

Figure 9. Lean Body Mass (panel A) and Fat 
free mass (panel B) of the offspring of 
different   groups on postnatal 3, 6, 12 and 
18 months as determined by TOBEC

Values are mean ± SE (n=6). Means at an age 
without a common letter are significantly different 
at p < 0.05 by one way ANOVA.

These observations not only indicate that 
maternal and postnatal Mg nutritional status 
probably is important in the long term 
programming of body adiposity in the offspring, 
but also that they were irreversible by 
rehabilitation from as early as birth. The increase 
in adiposity appears to be due to the increase in 
TNFa levels (but not due to significant 
hypoleptinemia) in MgR offspring than MgC, 
although their adiponectin levels were 
comparable (Table 5). 

Table 5. Adipocytokine levels in the rat offspring 
of different groups at 6 and 18 months of age

Values are mean SE (n=6). Means without a 
common letter are significantly different at        
p< 0.05

That rehabilitation from parturition (not 
weaning) although corrected the leptin levels to 
that of controls, did not correct the increased 
body fat appears to suggest the co- existence of 
both hypoleptinemia and leptin resistance. 
Whether this has any role in modulating body 
adiposity in the MgR offspring need to be 
deciphered. In line with these observations, 
expression of the lipogenic enzyme, fatty acid 
synthase (FAS), was significantly increased in liver 
and adipose tissue at 6 and 18 months of age as 
also the expression of FATP1 (Fig.10). It appears 
from these observations that maternal Mg 
restriction continued postnatally causes 
hypoleptinemia and / leptin resistance in the 
offspring. This probably increased fatty acid 
synthesis and transport and thus may increase 
body fat % in the offspring. Interestingly these 
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changes seem to be irreversible by rehabilitation.  

The significant insulin resistance (increase in 
HOMA IR) that was observed at 6 months of age 
did not persist in any of these three groups at the 
later time points tested and so was the tissue 
oxidative stress / antioxidant status which were 
comparable among the four groups. 

Figure 10. Fatty acid synthase and Fatty acyl 
transport protein 1 expression in liver and 
adipose tissue of 6 & 18 months old offspring

Values are mean ± SE (n=4). Means without a 
common letter are significantly different at p < 0.05

However, glucose stimulated insulin 
secretion continued to be low in MgR till 18 
months of age and appeared not correctable by 
either rehabilitation regime. Taken together, these 
observations suggest that Mg deficiency during 
the gestation and lactation results in fasting 
hyperinsulinemia (an increase in HOMA IR) 
perhaps due to target tissue insulin resistance (as 
suggested from the decreased insulin stimulated 
glucose uptake by diaphragm albeit not 
significant, Table 6) by six months of age. This 
probably exhausted the  b cells which failed to 
respond to a glucose challenge with insulin. 
Alternatively the dec-reased insulin response to a 
glucose challenge could be due to a decrease in 
islet cell number/ mass due to maternal / 
postnatal Mg deficiency. That Mg supplemen-

tation from parturition and weaning could not 
correct the animal's insulin response to glucose 
challenge till 18 months of age indicates that it 
may be programmed irreversibly by the maternal/ 
postnatal Mg deficiency.

That the significant decrease in LBM & FFM 
observed at 3 / 6 months persisted till 18 months 
in MgR rats indicate that maternal & postnatal Mg 
deficiency decreased muscle mass in offspring. 
That this could not be corrected by rehabilitation 
suggests the role of Mg in programming the 
muscle mass of offspring and its irreversibility. 
Although insulin stimulated glucose uptake by 
diaphragm was not altered in MgR offspring at 18 
months, basal glucose uptake was significantly 
decreased (Table 6). Taken together with 
significantly decreased muscle mass, the 
significant decrease in muscle's capacity to take up 
glucose suggests that post prandial clearance of 
glucose by muscle is severely impaired in MgR rats 
than MgC and this is irreversible by rehabilitation.    

Table 6. Glucose uptake in diaphragm of 6 
&18 months old offspring

Values are mean SE (n=4). Means without a 
common letter are significantly different at       

Chronic maternal Mg restriction appears to 
predispose the offspring to irreversible increase in 
body fat content, decreased muscle mass and 
their capacity to clear glucose from circulation 
and also impair their insulin response to a 
glucose challenge. The decreased insulin 
response to a glucose challenge appears to be 
due to insulin resistance (increased HOMA IR) 

p< 0.05.       Units : nmol/hr/gm tissue 
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and the consequent fasting hyperinsulinemia 
which probably exhausts the b cells of islets or 
alternatively the number of islets could be 
reduced due to maternal Mg deficiency. The 
results stress the importance of Mg status during 
pregnancy and lactation in modulating the 
adiposity and insulin secretion / glucose 
metabolism in the offspring in its later life.

Chronic hyperglycemia is a major determinant 
in the development of secondary complications of 
diabetes, including diabetic cataract. Activation of 
polyol pathway is one of the major mechanisms 
implicated in the development of diabetic cataract. 
Aldose reductase (AR), the key enzyme of polyol 
pathway and its activity is increased several folds 
under hyperglycemia, reduces excess sugars to 
sugar alcohols. Accumulation of these sugar 
alcohols in the lens leads to cataract formation  So 
inhibition of AR is one of the important events in the 
prevention/delay of long-term complications of 
diabetes. Earlier, it was shown that aqueous extract 
of emblica and its active principles, tannoids, 
inhibited rat lens AR as well as hyperglycemia 
induced lens opacification in organ culture. 

Therefore, the aim of the present study was to 
determine whether emblica and tannoids of 
emblica prevent/delay the onset and maturation 
of diabetic cataract induced by streptozotocin 
(STZ) in rats.

WNIN male rats (2-3 months old) with an 
 average body weight of231 ± 11 g were used in 

the study. Diabetes was induced in these animals 
by giving single intraperitoneal injection of STZ 

  (32 mg/kg) in 0.1 M citrate buffer, pH 4.5. 
Another set of rats, which received only vehicle 
served as control (group I; n = 8). After 72 h of 

 
STZ injection, fasting blood glucose levels were 

4.ANTICATARACTOGENIC EFFECT 
OF  EMBLICA OFFICINALIS AND 
ITS  TANNOIDS  AGAINST  
STREPTOZOTOCIN - INDUCED 
DIABETIC  CATARACT  IN  RATS

.

OBJECTIVE 

METHODOLOGY

monitored. Animals having blood glucose levels 
 >140 mg/dL were considered as diabetic and 

 
divided into three groups (groups II–IV); Group II 
(Diabetic Control; n=15; AIN 93 diet), Group III 
(Diabetic + Tannoids; n=15; AIN 93 diet + 
0.2% Emblica tannoids), Group IV (Diabetic + 
Emblica; n=15; AIN 93 diet + 2% Emblica 
powder). These animals were maintained on the 
respective diets for 8 weeks.

During this experimental period daily food 
intake, weekly blood glucose levels and body 
weights were monitored. Onset, progression and 
maturation of cataract were monitored by slit 
lamp microscope. At the end of 8 weeks animals 
were sacrificed and the lenses were stored 

0at–80 C for further analysis.

The increased blood glucose levels and 
decreased insulin in diabetic animals were not 
prevented by Emblica or tannoids of Emblica. 

Slit lamp examination results indicated that 
there was a delay in the onset, progression and 
maturation of cataract in Emblica fed diabetic 
animals when compared to diabetic control 
group (Fig-11). Whereas there was a delay in the 
progression and maturation of cataract, but not 
the onset in tannoids fed diabetic animals. 
Emblica appears to be more potent in delaying 
cataract than its active principles tannoids.

Figure 11. Effect of Emblica and its tannoids 
on average stage of streptozotocin-induced 
cataract as a function of time.

The specific activity of AR and sorbitol levels 
were significantly higher in group II animals when 
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compared to group I  Interestingly, AR activity and 
sorbitol levels were decreased in diabetic rats fed 
with Emblica and its tannoids compared to 
untreated diabetic rats (Table 7). However, the 
decrease in sorbitol levels due to Emblica or its 
tannoids was not completely normalized (Table7). 
This may be one of the reasons for partial effects 
of Emblica and its tannoids against diabetic 
cataract. Sorbitol dehydrogenase (SDH) activity 
was not altered (Table 7) in any of these group 
animals.

Table 7. The Effect of Emblica and its tannoids 
on polyol pathway in rat lens

The data are the mean ±SD (n=4).
AR activity was expressed as μmoles NADPH 
oxidized/h/100 mg protein 
SDH activity was expressed as μmoles NADH 
oxidized/h/100 mg protein.
Sorbitol was expressed as μmoles/g lens
# Symbol denotes significantly different from   
Group I
$ Symbol denotes significantly different from Group II

There is accumulating evidence showing the 
contribution of oxidative stress to the 
development of diabetic cataract. In the present 
study increased TBARS levels and protein 
carbonyls in group II rats compared with the 

 control group indicate increased oxidative stress 
in the lens (Figs 12 & 13). Interestingly, feeding of 
Emblica and its tannoids to the diabetic rats 
significantly inhibited TBARS levels and protein 
carbonyls in group III and IV indicating inhibition 
of lipid peroxidation and protein oxidation in 
Emblica and tannoids treated groups (Figs 12 & 
13). Similarly, increased specific activities of

 SOD, GPx and the marginal decrease in GST 
observed in the lenses of group II animals 

 
compared with group I, further substantiate the 

 role of oxidative stress in cataractogenesis due to 

.

 

Figure 12. The effect of Emblica and its 
tannoids on hyperglycemia-induced lipid 
peroxidation in the lens. 

# Indicates statistically significant from control and     
$ indicates significantly different from diabetic group.

Figure 13. The effect of Emblica and its 
tannoids on hyperglycemia-induced protein 
oxidation in the lens. 

 
# Indicates statistically significant from control and     
$ indicates significantly different from diabetic group.

 
hyperglycemia (Table 8). Emblica and tannoids 

 treatment partially prevented the altered activities 
of antioxidant enzymes. These data clearly 

 demonstrate that Emblica and tannoids not only 
inhibited osmotic stress but also prevented 

 
hyperglycemia-mediated lenticular oxidative
stress.

During the development of cataract, 
 alterations in lens protein and insolubilization 

 
have been considered to be the one of the major 
changes that results in lens opacification. In the 

 
present study, there was a significant decrease in 
both total and soluble protein in diabetic group 
compared to control group (Table 9). Feeding of 

 
Emblica and tannoids to the diabetic rats 
prevented the loss of total and soluble protein in 
the lens.
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Table 8. The Effect of Emblica and its tannoids 
on activities of SOD, GPx, and GST in rat lens.

The data are the mean ± SD (n = 3). SOD activity is 
expressed as units/min/100 mg protein, and the 
activity of GPx and GST is expressed as μmoles NADPH 
oxidized/h/100 mg protein and μmoles CDNB-GSH 
conjugate formed/h/100mg protein respectively.
# Symbol denotes significantly different from Group I
$ Symbol denotes significantly different from Group II

Table 9. The Effect of Emblica and its tannoids 
on protein content of rat lens

The data are the mean ± SD (n = 4).
# Symbol denotes significantly different from Group I
$ Symbol denotes significantly different from Group II

The distribution profile of major lens 
 

crystallins, evidenced by HPLC analysis, showed
that there is an appearance of a high molecular 

 
weight (HMW) aggregate peak and decrease in 
ß- and g-crystallin peaks in untreated diabetic 
animals (Table 10), suggesting modification of all 
the three major crstallins due to diabetes induced 

 hyperglycemia. The decrease in ß & g-crystallins 
suggests that protein degradation in diabetic 

 
cataract lens may be involved in the formation of 

 HMW aggregates due to cross-linking or 
aggregation. However, these alteration in the ,a, 
ß & g-crystallins due to diabetes were minimized 
in the group III and IV animals fed with Emblica 
and tannoids prevented the decrease in protein 
content but also aggregation and insolubilization 

of lens proteins due to hyperglycemia as assessed 
by SDS-PAGE (Fig.14).

(Table 10). Most importantly, Emblica and 
tannoids treatment not only Table 10. 
Distribution of crystallins in soluble protein 
fraction. Data are average of three HPLC 
runs for area under the curve

Data are arbitrary units for absorbance at 280 nm.

Figure 14: Effect of Emblica and its tannoids on 
protein cross-linking in soluble fraction of lens. 
Soluble protein was loaded onto a polya- 
crylamide gel. Molecular weight standards in 
kDa are indicated alongside of the gel

The results indicate that Emblica and its 
tannods are effective against development of 
diabetic cataract in rats mainly by countering the 
polyol pathway induced osmotic and oxidative 
stress. Moreover, these results indicate that 
Emblica and its tannods may act downstream to 
glucose-mediated changes. Further, these results 
have implications in terms of exploring the 
ingredients of dietary sources for the treatment of 
diabetic complications other than diabetic 
cataract.
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5.MOLECULAR CHAPERONE 
FUNCTION OF a-CRYSTALLIN 
U N D E R  H Y P E R G LY C E M I C  
CONDITIONS: MODULATION BY 
DIETARY FACTORS – MODU-
L AT I O N  O F  C H A P E R O N E  
ACTIVITY OF a-CRYSTALLIN 
U N D E R  H Y P E R G LY C E M I C  
CONDITIONS BY ANTIGLY-
CATING AGENT MYB2

The eye lens structural protein is composed 
of the family of proteins known as crystallins. The 
most abundant among these is  a-crystallin which 
accounts for 30% of total lens protein.              
a-Crystallin is a multimeric protein and made up 
of two homologous gene products, A and B-
crystallins of each 20 kDa. a-Crystallin is a 
representative member of small heat shock 
protein family, which acts as molecular 
chaperone. Molecular chaperones are a class of 
proteins that are known to interact with partially 
unfolded states of other proteins and prevent off 
pathway aggregation and inactivation, thus 
keeping them in a folding competent state. The 
chaperone-like activity of a-crystallin in 
preventing aggregation of other lenticular 
proteins is particularly important in the context of 
maintaining lens transparency. 

Owing to lack of cell turnover in the nucleus 
of the lens, the lenticular proteins are 
accumulated from the birth and are susceptible to 
several post-translational modifications (PTM). 
Most of the PTM of a-crystallin are demonstrated 
to result in the loss of chaperone activity. Some of 
the PTM, particularly non-enzymatic glycation, 
are accelerated under diabetic condition. Indeed 

 
a-crystallin from diabetic rat and human lenses 

 has shown a substantial loss in its chaperone 
function.

It was earlier demonstrated that chaperone 
activity of a-crystallin is compromised under 
diabetic conditions where as curcumin treatment 
modulated chaperone activity of       a-crystallin 
under diabetic conditions (Annual Report-2004). 
A number of dietary sources for their antiglycating 
potential for combating diabetic complications 

including diabetic cataract were screened. 
Antiglycating  ability  of a dietary source (code 
name: MYB2) using in vitro protein glycation 
system system was demonstrated .

The main objective of the study was to 
investigate the effect of MYB2 on a-crystallin 
chaperone  activity  under  diabetic  condition 
vis-à-vis it  anticataractogenic potential.

Two-month-old male WNIN rats with 
average body weight of 190 g were used for this 
study. All the animals were fed AIN-93 diet ad 
libitum through out the study. The control rats 

 (Group I; n=8) received 0.1 M citrate buffer pH 
4.5 as vehicle, where as the experimental rats 

 received a single intraperitioneal injection of 
streptozotocin (STZ; 32 mg/kg) in the same 
buffer. After 72 h, fasting blood glucose levels 
were monitored and animals having blood 
glucose levels less than 140 mg/dl were excluded 
from the experiment and rest were distributed into 
three groups. Animals in these groups received 
either only AIN-93 diet (Group II; n=8) or 

 received AIN-93 diet containing 0.5% (Group III; 
n=6) and 2.5% of MYB2 (Group IV; n=6).  
Animal care and protocols were in accordance 
with and approved by the Institutional Animal 
Ethics Committee. Cataract progression due to 
STZ-induced hyperglycemia in treated and 
untreated rats is monitored by slit lamp 
biomicroscope.

After 8 weeks of STZ injection rats from all the 
four groups were sacrificed by CO asphyxiation 2 

and lenses were enucleated and lenses from three 
rats in each group were pooled. Water-soluble 
proteins were analyzed on a Sephacryl S-300 gel 
filtration column and fractions corresponding to 
aH-, aL-, ß- and g-crystallins were pooled 
separately. Chaperone activity of a-crystallin 
(both aH and aL) was assessed by aggregation 
and enzyme inactivation assays. Far- and near-
UV CD spectra of aH and aL-crystallin were 
recorded. Intrinsic tryptophan fluorescence and 
fluorescence of protein bound 8-anilino-1-
naphthalene-sulfonic acid (ANS) was also 
measured.

AIM AND OBJECTIVES 

METHODOLOGY
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RESULTS

1.Feeding MYB2 to diabetic rats did not prevent 
the STZ-induced hyperglycemia.

2.Interestingly, MYB2 delayed the progression 
and maturation of STZ induced diabetic 
cataract. The effect was more pronounced with 
MYB2 at  0.5% (Figure 15).

Figure15. Effect of MYB2 on progression and 
maturation of streptozotocin-induced 
cataract. GI-control rats, GII-diabetic rats, 
GIII-diabetic rats fed with 0.5 % MYB2 and 
GIV-diabetic rats fed with 2.5%.

3.Percentage of glycated hemoglobin (HbA1c) is 
more in untreated diabetic rats (Group II) 
compared to Group I rats. Where as feeding of 
MYB2 resulted in the decrease in percentage of 
HbA1c in dose dependent manner (Figure 16) 
substantiating MYB2 antiglycating property.

Figure 16. Estimation of glycated protein. GI-
control rats, G II- diabetic rats, G III-diabetic 
rats fed with 0.5 % of MYB2 and G IV-diabetic 
rats fed with 2.5% MYB2

4.There was a marked difference in the relative 
distribution of crystallins between the groups. 
aH-crystallin peak elevated in diabetic rat lens 
(Group II) compared to control rat lens (Group 
I). Feeding of MYB2 (Group III and IV) reverted 
the altered crystallin profile in a dose 
dependent manner (Figure 17). 

Figure 17.  Separation profile of crystallins on 
gel filtration column (Sephacryl S300 HR). G1-
GIV corresponds to Group 1-IV, respectively

5.MYB2 treatment prevented the formation of 
high molecular weight aggregates due to 
hyperglycemia as assessed by SDS-PAGE 
(Figure 18).

Figure 18. SDS-PAGE profile soluble lens 
protein: Lane 1-control rats, lane 2- diabetic 
rats, lane 3-diabetic rats fed with 0.5 % of MYB2 
and lane 4-diabetic rats fed with 2.5% MYB2
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Figure 19. AGE fluorescence of aL-crystallin 
from control  (trace 1), diabetic (trace 2) and 
diabetic rats fed with 0.5 %MYB2 (trace 3)

6.AGE fluorescence of aL-crystallin from diabetic 
rat lens is elevated than aL-crystallin from 
control lens where as MYB2 0.5% feeding 
decreased the AGE fluorescence (Fig. 19).

7.aL-Crystallin from Group II rat lens showed loss 
of chaperone activity in suppressing the heat-
induced aggregation of ß-crystallin when 
compared to the activity of aL-crystallin from 
Group I (Figure 20). Interestingly, chaperone 
like activity of aL from Group III was improved 
than Group II rat lens. Unexpectedly, aL from 
Group IV showed decreased chaperone activity 
than aL from Group II (Fig.20). Similar results 
were observed in heat-induced aggregation 
assay of citrate synthase.

Figure 20: Chaperone activity of aL-crystallin 
against heat induced aggregation of            

oßL-crystallin at 60 C. aL-crystallin is incubated 
in the absence (trace 1) or in the presence of 
aL-crystallin from Group1 (trace 2), GroupII 
(trace 2), GroupIII (trace 3) & Group IV (trace 4)

8.Similar to aggregation assays, the ability of    
aL-crystallin from Group II to prevent heat-
induced inactivation of G6PD was declined as 
compared to Group I (Fig. 21). Surprisingly    
aL-crystallin from both Group III and IV showed 
improved chaperone activity compared to 
Group II in prevention of heat-induced 
inactivation of G6PD (Fig. 21).

Figure 21. Chaperone activity of aL-crystallin 
in enzyme inactivation assays. Protection of 

oheat-induced inactivation of G6PD at 42 C by 
aL crystallin. Bar 1-G6PD alone, bar2- heat 
inactivated G6PD, bars 3-6, are G6PD plus 
aL-crystallin from Groups I-IV, respectively. 
Data are average of three independent assays

9.aL-from Group II showed lesser ANS binding 
when compared with aL from Group I where as 
ANS fluorescence of aL-crystallin from Group 
III is greater than aL from Group II. Decreased 
chaperone activity of aL from Group II 
correlated with decreased ANS binding.

10. Far- and near-UV CD signal and tryptophan 
fluorescence for a-crystallin isolated from 
Group II rats lens decreased compared to 
Group I lens indicating altered secondary and 
tertiary conformation to the a-crystallin from 
diabetic rat lens. MYB2 treatment at 0.5% has 
modulated the far - UV CD spectra and 
tryptophan fluorescence in significant manner.

In the present study it was demonstrated that 
MYB2 delayed progression of STZ induced 
diabetic cataract. The delay in progression of 
cataract could be due to modulation of 
chaperone activity particularly in the rats fed with 
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MYB2 0.5%. Modulation of chaperone activity 
MYB2 0.5% was attributed to antiglycating ability 
of this compound under hyperglycemia.

Diabetes mellitus and its disabling compli-
cations, which include cataract, nephropathy, 
retinopathy, and myocardial infarction, affect 
millions of people annually. The complications 
arise from various pathways; one of them is polyol 
pathway, where the elevated levels of glucose in 
tissues such as the nerve, kidney, retina and lens 
are converted to sorbitol by aldose reductase 
(ALR2). Because sorbitol does not easily cross cell 
membranes and its subsequent conversion to 
fructose via sorbitol dehydrogenase is slow, it 
accumulates inside certain cells resulting in 
changes in osmotic pressure, alterations in the 
redox state (i.e. increased NADH/NAD+ ratio) 
and depleted intracellular levels of myoinositol. 
Inhibitors of ALR2 may control these biochemical 
changes, which have been linked to diabetic 
complications. Although many ALR2 inhibitors 
(ARI) have been extensively developed with 
promising results, none have demonstrated 
sufficient efficacy in human clinical trials without 
undesired side effects. The likely cause of these 
side effects is a lack of selectivity towards related 
enzymes involved in the detoxification of reactive 
aldehydes, particularly aldehyde reductase, ALR1 
(EC 1.1.1.2), member of the aldo-keto reductase 
super family that coexists with ALR2 in most 
tissues. Many ARI are shown to equally interact 
with ALR1. During the last three years many 
dietary sources for their potential to inhibit ALR2 
and found significant inhibition with some dietary 
sources were screened. Therefore, aim of the 
present study was to investigate the specificity of 
these dietary ARI against ALR1.

6. SCREENING AND TESTING OF 
A L D O S E   R E D U C T A S E  
INHIBITORS & ANTIGLYCATING 
AG E N T S  F R O M  D I E TA R Y  
SOURCES – SPECIFICITY OF 
DIETARY ALDOSE REDUCTASE 
INHIBITORS 

METHODOLOGY

PURIFICATION OF ENZYMES

Aqueous extracts of freeze-dried dietary 
sources were prepared and tested for the 
inhibition against rat lens aldose reductase, 
recombinant human aldose reductase (rALR2) 
and aldehyde reductase (ALR1). Common active 
principles present in the most effective extracts 
were also tested against rALR2 and ALR1.

Crude ALR2 was obtained by homogenizing 
the WNIN rat lens in 10 volumes of 100 mM 
potassium phosphate buffer pH 6.2. The 
homogenate was centrifuged at 15,000g for 30 

omin at 4 C and the resulting supernatant was 
used as the source of ALR2.

H

ALR1 was purified from goat liver by 
subjecting the tissue homogenate to (45 – 75 %) 
ammonium sulfate fractionation. Supernatant 
was loaded on to the ion exchange (DEAE-
column) column. Fractions having ALR1 activity 
were pooled and subjected to gel filteration 
column. The fractions were concentrated, 
dialyzed and purity was assessed by SDS-PAGE.

Rat lens ALR2, rALR2 and liver ALR1 activity 
was assayed by standard procedures described 
previously. The change in the absorbance at 340 
nm due to NADPH oxidation was followed in a 
Cary Bio 100 spectrophotometer. 

1. Aqueous extracts of diet sources that have 
inhibited rat lens AR with IC  values less than 50

0.5 mg/ml are considered as effective 
sources of ALR2 inhibition and are shown in 
Table11. 

RAT LENS ALR2

HUMAN RECOMBINANT ALR2

LIVER ALR1

ENZYME ASSAYS

uman rALR2 was overexpressed in E. coli. 
Enzyme from expression cultures was extracted 
and purified by affinity chromatography over 
AffiGel Blue followed by gel filtration.

RESULTS
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Table 11. List of the dietary materials 
screened for the inhibition of rat lens ALR2 
along with their IC  values. 50

*IC  values are average of three assays50

2. Extracts showing effective inhibition against 
the rat lens ALR2 were further tested for their 
inhibition against rALR2 (Table 12). Most of 
the dietary sources that inhibited rat lens 
ARL2 also inhibited rARL2 with equal 
efficiency or even better (Table 12). Dietary 
extracts that have inhibited rALR2 with IC  50

<0.25 mg/ml are considered for further 
analysis.

Table 12.  List of the dietary materials tested 
for the inhibition against rALR2 along with 
their IC  values50

3. Specificity of most effective dietary ARI 
towards ALR2 was demonstrated by their 
ability to inhibit liver ALR1. Interestingly, these 
dietary ARI could not inhibit goat liver ALR1 
even at the concentrations 10 fold higher 
than their IC  values against ALR2 (Table 13)50

Table 13.  List of dietary ARI screened for 
their specificity against goat liver ALR1

4. Common active principles present in the 
most effective dietary sources were studied 
for the inhibition of ALR2. Rutin is known to 
be present in many of these dietary sources 
which exhibited ARI potential.

5. Rutin was the most effective of all with IC  50

value 16 µM against rat lens ALR2 (Figure 
22). Similar results were obtained for rutin 
with rALR2, with IC  value of 16µM Fig 50

(Fig.22). Other active components, which 
have IC  values close to rutin with respect to 50

ALR2, are listed in Table1 4. 

Figure 22.  Inhibition of rat lens ALR2 (A) and 
rALR2 (B) by rutin
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A

 

S.  
No.  

Common 
Name  

IC 50  
values* 
(mg/ml)  

Rank

1
 

Amla 
Tannoids

 

0.006
 

1
 

2
 

Curcumin
 

0.06
 

2
 3

 
Spinach

 
0.1

 
3

 4

 
Cumin

 
0.22

 
4

 5

 

Fennel

 

0.23

 

5

 6

 

Lemon

 

0.25

 

6

 7

 

Black 
pepper

 

0.27

 

7

 8

 

Bittergourd

 

0.29

 

8

 
9 Ocimum 0.31 9

10 Cinnamon 0.5 10

S.No.
 

ARI
 

IC 50 mg/ml
 

Rank

1
 

Amla Tannoids
 

0.010
 

1
2

 
Curcumin

 
0.052

 
2

3
 

Ocimum
 

0.125
 

3
4

 
Cumin

 
0.15

 
4

5

 
Spinach

 
0.15

 
5

6

 

Cinnamon

 

0.20

 

6
7

 

Fennel

 

0.21

 

7
8

 

Black Pepper

 

0.22

 

8
9 Bitter gourd 0.25 9

S. No. ARI 
IC 50Values  

(mg/ml)  
1

 
Tannoids

 
0.28

 
2

 
Cinnamon

 
> 4.0

 3
 

Ocimum
 

> 4.0
 4

 
Spinach

 
> 4.0

 5

 

Cumin

 

> 4.0

 6

 

Bitter gourd

 

> 4.0

 
7

 

Fennel

 

2.6

 
8 Black Pepper 2.46



6. Further specificity of rutin towards ALR1 was 
evident as it inhibited ALR1 20 times to that of 
its IC  value with ALR2 (>320 µM).50

Table 14. IC  value of some common active 50

principles present in the diet sources which 
showed inhibition against rat lens ALR2

Specific inhibition of ALR2 by the dietary 
sources in the study has given a direction to 
explore the potential of dietary sources against 
secondary complications of diabetes as a food 
based therapeutic approach. Studies are in 
progress to evaluate their efficacy in preventing 
the diabetic complications in animal models.

Impaired function of the lens due to partial or 
complete opacification is called cataract.         
a-crystallin belongs to the family of small heat 
shock proteins.a-Crystallin is abundant in the eye 
lens of almost all vertebrates, reaching levels up 
to 50% of lens soluble proteins. Apart from its 
structural role, a-crystallin is known to have 
chaperone like activity. In particular, the 
chaperone function is suggested to be 
instrumental in the prevention of cataract 
formation in the ocular lens. a-crystallin is 
normally isolated as large heteropolymer, 
composed of two related sub units, A and B, each 
with a molecular mass of 20 kDa, sharing a 

CONCLUSIONS 

7.IMPORTANCE OF a-CRYSTALLIN 
HETEROPOLYMER IN THE EYE 
L E N S :  C H A P E R O N E - L I K E  
ACTIVITY AND PHYSICO-
CHEMICAL PROPERTIES

 

sequence homology of about 57 %. Depending 
on species and age, the aggregate size can range 
from 300 kDa to over 1,000 kDa. a-crystallin is 
shown to exist as a homopolymer in non-
lenticular tissues as either aA- or aB-
homopolymer. Interestingly, in most of the 
vertebrate lens the ratio of aA and aB subunits is 
3:1 and the significance of this ratio at present is 
not known. Understanding the importance of    
aA and aB-crystallin in 3:1 ratio is important to 
understand the chaperone function of               
a-crystallin, as this particular ratio may have a 
direct role to play in the chaperone like property 
of a-crystallin. 

The main objective of the study was to 
understand the significance of 3:1 ratio of aA /aB 
crystallin in terms of chaperone function.

Recombinant aA and aB-crystallins were 
expressed in E. coli and purified by ion exchange 
followed by gel filtration according to previously 
reported methods.

Chaperone like activity of a-crystallin 
heteropolymer with various ratios of aA and      
aB-crystallins & homopolymers was assessed by 
measuring the ability of these proteins to protect 
aggregation prone substrate proteins. Heat 
induced aggregation of ßL-crystallin (0.2 mg /ml) 

0at 60 C in the absence and presence of            
a-crystallin homo and heteropolymers (0.05 
mg/ml) was monitored. UV-induced aggregation 
of g-crystallin (0.25 mg/ml) was carried at 300nm 
using a Xe arc lamp fitted to a monochromator in 
the presence and absence of crystallin homo and 
heteropolymers (0.1mg/ml). Heat-induced 
aggregation of citrate synthase (50 µg/ml) was 
monitored in the presence and absence of 
crystallin homo and heteropolymers (0.03 mg/ 

0ml) by heating the reaction mixture at 45 C. 
Aggregation in all these assays was monitored in 
a UV/ Vis Spectrophotometer at 360nm. 
Chaperone activity of a-crystallin hetero-polymer 
was also studied by its ability to prevent the heat-

OBJECTIVE

METHODOLOGY

Purification of recombinant aA and aB crystallins

Chaperone activity assays

39

S.No.
 

Active principle
 

IC50 Value
 

1
 

Rutin
 

16 µM
 

2
 

Quercetin
 

33 µM
 3

 
Caffeic acid

 
250 µM

 4
 

Coumarin
 

350 µM
 5

 
p- Coumaric acid

 
365 µM

 



induced inactivation of glucose 6-phosphate 
dehydrogenase (G6PD). Assay was performed by 
incubating G6PD (0.5U/ml) and a-crystallin at 

0
44 C for 30 min. Increase in absorption due to 
NADP reduction was monitored at 340 nm in a 
UV/Vis Spectro-photometer.

Hydrophobicity of crystallin homo and 
heteropolymers (0.1 mg /ml) was studied in Jasco 
FP-6500 spectrofluorometer by following binding 
of ANS (8-Anilinona-phthalene-1-Sulphonic 
acid). 100 µM ANS was incubated with the 
corresponding protein samples for 30 min at 
room temperature. Fluorescence of protein 
bound dye was measured by excitation at 390 nm 
and emmision spectra were recorded between 
450 and 550 nm. Tryptophan fluorescence was 
monitored by exciting a-crystallin  (0.1 mg/ml) at 
295 nm and the following emission spectra was 
recorded between 300 and 380 nm.

Far- and Near- UV CD spectra of a-crystallin 
(0.2 mg /ml and 1.0 mg/ml respectively) was 
recorded using a Jasco-810 spectropolarimeter. 
Percentage alpha helical and beta sheet content 
of the protein was measured by Jasco J-810 
software.

Recombinant aA and aB-crystallins were 
omixed accordingly and incubated at 4 C for 30 

min to get the desired ratios. Goat aL-crystallin 
was taken as a reference. Recombinant hetero-
polymer aA to aB 3:1 and goat aL-crystallin 
(native variant of A to B 3:1 ratio) displayed 
higher chaperone activity than homopolymers 
and heteropolymers with other ratios i.e., 1:1, 
1:3 in the ßL-crystallin and g-crystallin 
aggregation assay (Fig. 23 & 24). 

However, in citrate synthase aggregation assay 
and G6PD heat inactivation assay protection with 
3:1 was no better than other ratios and 
homopolymers (Fig. 25 & 26). Studies are 
underway to assess the chaperone activity of 
homo & hetero-polymers under physiologically 
relevant conditions such as cell cytotoxicity and 
apoptosis assasys. 

Fluorescence Measurements

Secondary and tertiary structure

RESULTS

Figure 23. Heat induced aggregation of ßL-
crystallin in the presence of a-crystallin

Figure 24.  UV light induced aggregation of       
g-crystallin in the presence of a-crystallin

Hydrophobicity has been implicated as a 
major factor in chaperoning function. Hence, 
hydrophobicity of homo- and heteropolymers 
was assessed. While, aB homopolymer appears 
to be more hydrophobic than aA homopolymer, 
hydrophobicity of heteropolymer with aA to aB 
3:1 ratio is intermediate to that of aA and aB-
crystallin (Fig 27). Though, homo- & hetero-
polymers do not differ in their secondary 
structure, a significant difference was observed 
with homo- and heteropolymers of a-crystallin 
with respect to tertiary structure (Fig 28 & 29; 
Table 15). The difference in tertiary structure may 
influence the chaperone activity.
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Figure 25. Heat induced aggregation of 
citrate synthase in the presence of a-crystallin

Figure 26. Heat-induced inactivation of 
G6PD in the presence of a-crystallin

Figure 27. Hydrophobicity of hetero and 
homo polymers of a-crystallin

Figure 28. Tertiary structure of hetero and 
homo polymers of a-crystallin

Table 15. Content of secondary structural 
elements of hetero and homo polymers of         
a-crystallin

a-Crystallin heteropolymer with 3:1 A to B 
ratio was more effective in preventing the 
aggregation of other lens proteins but non-
lenticular proteins. However, hydrophobicity is 
not related to the higher chaperone activity of 
heterpolymer and tertiary structure appears to 
play role in chaperone activity.

CONCLUSIONS 
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8. ACUTE EFFECT OF AOA RICH 
LEGUME SPROUT SALADS ON 
OXIDATIVE STRESS AND ANTI-
OXIDANT STATUS OF ADULT 
HUMAN VOLUNTEERS  

Plant foods are good sources of antioxidants.  
Several studies have reported antioxidant content 
of various foods, mostly in their raw form.  
However, during processing, interactions among 
nutrients and/or antioxidants and/or oxidants, 
may modify the antioxidant activity of foods.  
Therefore, information on antioxidant activity of 
foods, in the form they are consumed, is useful. 
Hence, studies have been undertaken to 
determine antioxidant activity of foods, both in 
the raw and processed forms. This study is an 
attempt to determine the effect of processing on 
the antioxidant activity (AOA) of foods, and to use 
the data thus generated, for the development of 
suitable recipes with higher antioxidant activity. It 
also involves assessing the acute effect of the 
consumption of these recipes on AO status of 
human volunteers.

To assess acute effect of the consumption of 
sprout salads recipes on AO status of human 
volunteers.

Effect of different kinds of domestic 
processing on AOA and PC of chosen plant foods 
(Annual Report 2004-2005) showed that AOA 
was higher in the sprouts of green gram, Bengal 
gram and moth beans compared to all other 
types of processing done, which had variable but 
not generally significant effect either on AOA.

AIMS AND OBJECTIVES 

RESULTS

The AOA of salad prepared with green gram 
sprouts with lemon, salt and pepper was the 
highest among the different salad recipes tested 
and the one prepared from Bengal gram sprouts 
was the next best.

Acute effect of consuming the two AOA rich 
salads prepared from green gram sprouts (ggs) 
and Bengal gram sprouts (Bgs) on the oxidative 
stress and antioxidant status of human volunteers 
was determined in eleven apparently healthy, 
adult male volunteers, 25-60 years of age. Milk 
bread was used as the negative control for this 
purpose. The effect of consumption of the salad 
recipes made from the sprouts of 50 grams of raw 
green gram or Bengal gram or 75 grams of milk 
bread, which had comparable amounts of 
calories, was studied. The composition of the two 
recipes  consumed  by  the  subjects  is  given  in 
Table 16 and their phenolic content and AOA 
given in Table 17.

It is apparent from Table 17 that the two 
sprout salads were very rich in AOA whereas the 
negative control bread had very less AOA. 
Similarly, bread had the least PC among the three 
foods tested (Table 18). 

Plasma MDA (TBARs) levels in the study 
subjects were comparable at fasting as well as 
up to three hours after the consumption of the 
recipes or bread indicating the lack of any 
acute effect of the recipes on the oxidative 
stress of the subjects. (F ratio by one way 
ANOVA was not significant between the three 
recipes at any point tested). The results are 
given in Table 19. Also, the difference in 
plasma MDA levels with time in subjects after 
the consumption of milk bread or the legume 
sprout based recipes was also no significantly 
different (Table 19).
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Table 16. Composition of the legume sprout based recipes

Specifications
 

Negative Control
 

Recipe 1
 

Recipe 2
 

Recipe  White Bread  
Green gram sprout salad with 

salt, lemon and pepper 
 

Bengal gram sprout salad 
with salt, lemon and pepper 

 

Quantity (g)  75  50  (Raw legume)  50 (Raw legume)  

Calories (K Cal)  184  167  180  



Table 17. AOA and PC of the recipes and milk bread (negative control)

*    AOA expressed as mg of food required for 50% inhibition of auto-oxidation of -carotene in the -carotene & 
linoleic acid mixture. 
**  PC expressed as mg of gallic acid equivalent in 100g of raw foodstuff.  Values given are Mean ± S.D. (n=3)

b b

Table 19. Change in plasma MDA with time 
in subjects consuming milk bread and 
legume sprout salads

The plasma FRAP levels of subjects at 
different time points after the consumption of the 
two salad recipes or the white bread are given in 
Table 20. The consumption of milk bread 
decreased the anti-oxidant status of the subjects 
as evident from a progressive decrease in their 
plasma FRAP values. It was interesting that 
consumption of legume sprout salads prevented 
this progressive deterioration of their anti-oxidant 
status. Indeed at all the three time points tested, 
the decrease in plasma FRAP with time (as 
compared to the fasting value) was significantly 
higher on consumption of milk bread than the two 
legume sprout based salad recipes (Table 21).

Although not statistically significant, plasma 
resistance to CuSO  induced oxidation ex vivo 4

was higher in subjects consuming legume sprout 
based salads than milk bread and this was true at 
all the three time points tested after their 
consumption (Table 22, 23).

Notwithstanding that only the differences in 
plasma FRAP were statistically significant on 
consumption of AOA rich legume sprout based 
recipes, but not their resistance to exogenously 
induced oxidation ex vivo, the results from the 
acute feeding study, seems to be consistent with 

Table 20.  Plasma ferric reducing antioxidant power (FRAP) (n moles/ml) in subjects 
Consuming milk bread and legume sprout salads

Values given are Mean ± S.D.  NS : Not significant.
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Table 18.  Plasma malondialdehyde (MDA) 
levels (n moles/ml) in subjects consuming 
milk bread and legume sprout salads

P value : NS    Values given are Mean ± S.D.  
NS : Not significant.

Diets Recipe Antioxidant Activity* Phenolic Content** 

Control Bread 11.4 ±  0.93 42.2±3.49 

Experimental – 1 Green Gram Sprout Recipe 0.30 ± 0.02 106 ±  9.7 

Experimental – 2 Bengal Gram Sprout Recipe 0.31 ± 0.00 61.6± 7.39 

 

 Bread 

Green 
gram 
sprout 
salad

 

Bengal 
gram 
sprout 
salad

 
N

 
11

 
10
 

11
 

F ratio 
(ANOVA) 

0 min
 

9.01 ± 
2.72
 

7.83±
 1.82

 

9.84±
 6.95

 

0.560
 

60 min

 

12.11± 
2.33

 

9.23±
 3.91

 

13.02±
 8.92

 

1.220

 
120 min

 

9.20 ± 
3.22

 

8.82±

 2.13

 

9.02±

 3.81

 

0.064

 
180 min

 

9.03 ± 
3.91

 

9.40±

 
2.73

 

9.51±

 
4.73

 

0.060

 

MDA  F ratio (ANOVA)  P value

0 vs 60 min.  1.064  NS

0 vs 120 min.  0.757  NS

0 vs 180 min. 1.483 NS

 
Bread
 Green gram sprout 

salad
 

Bengal gram sprout 
salad
 

N
 

11
 

10
 

11
 

F ratio 
(ANOVA)

 P value
 

0 min 1195 ± 228.9 957 ± 156.8 1012 ± 191.2 4.334 P<0.05 

60 min 995 ± 356.2 958 ± 161.6 1047 ± 189.4 0.323 NS 

120 min 970 ± 247.8 968 ± 163.7 1040 ± 186.9 0.442 NS 

180 min 1058 ± 215.4 976 ± 167.6 1067 ± 198.4 0.664 NS 

 



Table 23. Time course of CuSO  induced 4

change in oxidative stress in subjects 
consuming  bread (control) & legume  
sprout  salads

NS : Not significant
*  One way ANOVA among  D60 – 0;  D120 – 0 &  

D180 – 0 values of plasma MDA on consumption of  

the three recipes.

the hypothesis that feeding AOA rich recipes may 

be one of the effective ways to improve the AO 

status of the subjects and also protect them 

against exogenously induced oxidative stress. 

These preliminary observations seem not only to 

stress the importance of this approach in 

improving the AO status of individuals but also 

indicate the need for more detailed and in depth 

studies in this direction with more number of such 

AOA rich recipes.

9. HEALTH BENEFICIAL EFFECTS 
OF  FOODS   

I. ANTIOXIDANT  ACTIVITY  AND 
PHENOLIC CONTENT OF CEREALS,  
 MILLETS, LEGUMES AND PULSES

Natural antioxidants have attracted 
considerable interest because of their presumed 
safety and potential nutritional and therapeutic 
values. Literature on health beneficial effects of 
Indian plant foods is scanty. Hence, studies have 
been taken up to generate database on 
antioxidant activity of plant foods commonly 
consumed in India and correlate them with their 
phenolic content.  Earlier, antioxidant activities of 
green leafy vegetables, fresh and dry fruits were 
reported by Annual Report 2000 and 2006. In 
continuation, the phenolic content and 
antioxidant activity (by three different methods: 
FRAP, DPPH radical scavenging and reducing 
power) of cereals, millets, legumes and pulses 
commonly consumed in India is reported. 

Commonly consumed varieties (identified 
based on the NNMB survey) of cereals, millets, 
legumes and pulses were purchased from three 

MATERIAL AND METHODS

Table 21.  Change in plasma FRAP in subjects consuming 
milk bread and legume sprout salads

Table 22. Resistance of plasma to CuSO  induced oxidative stress ex vivo4

Values given are Mean ± S.D. 
NS : Not significant  
* Values given are MDA with CuSO   - without CuSO (n moles/ml)4 4
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Frap  F ratio (ANOVA)  P value  Significant Difference  

0 vs 60 minutes  3.864  P< 0.05  Bread vs Gg and Bg salads  

0 vs 120 minutes  6.880  P< 0.05  Bread vs Gg and Bg salads  

0 vs 180 minutes  17.700  P< 0.05  Bread vs Gg and Bg salads  

 

 Bread 
Green gram 
sprout salad 

Bengal gram 
sprout salad 

N 11 10 11 

F ratio 
(ANOVA) 

P value 

0 min 1.50* ± 0.66 1.52 ± 0.59 1.64  ± 0.55 0.185 NS 

60 min 1.74 ± 0.83 1.27 ± 0.70 1.34  ± 0.37 1.57 NS 

120 min 1.64 ± 0.55 1.49 ± 0.92 1.44 ± 0.40 0.284 NS 

180 min 1.87 ± 0.51 1.33 ± 0.58 1.43 ± 0.52 3.12 NS 

 

Frap F ratio (ANOVA)* P value 

0 vs 60 min. 2.756 NS 

0 vs 120 min. 0.536 NS 

0 vs 180 min. 2.168 NS 



different local markets of the twin cities of 
Hyderabad and Secunderabad. It is observed 
that about 90% of the Indians consume less than 
100 foods among the various foods available in 
the country. This observation is derived by 
calculating median quantity of food item 
consumption divided by number of consumers.

Standard extraction methods and estimation 
protocols were adopted. While the phenolic 
content was determined by the Folin Ciocalteu 
method, the antioxidant activity (AOA) was 
determined by three different methods :1. FRAP 
(Ferric Reducing Antioxidant Power at pH 3.9), 
2.DPPH Radical scavenging activity and             
3. reducing power .  

Mean phenolic content and AOA (by three 
different methods) of the samples are given in 
Table 24.

1. Phenolic content ranged from 47.64 to 373 
mg/100g of edible portion. Ragi had the 
highest amount of (373 mg/100g) total 
phenolic content and this was followed by 
wheat semolina (139 mg /100g). The mean 
phenolic content of cereals and millets was 
120 mg/100 g. 

a. CEREALS AND MILLETS 

2. DPPH radical-scavenging activity ranged 
from 0.24 to 1.73 (Trolox equalent) with the 
highest activity being seen in Ragi (1.73) 
followed by Maize (1.39) and the mean value 
was 0.95 mg/ 100g . 

3. FRAP activity showed a wide range from 
16.21 to 472 M / g, and themean value was 
112 M /g. The highest activity was seen again 
in Ragi (472M /g).

4. Reducing power ranged from 4.54 to 0.36 
mg / g. Ragi had the highest activity (4.54) 
followed by wheat semolina (0.3) and the 
mean value was 1.31 mg/ g.

5. Correlation analysis showed that in cereals 
and millets phenolics may contribute 

2maximally to FRAP (r  = 82.53 %) and 
2reducing power (r  = 82.38%) but only 

around 20% to DPPH scavenging activity.

Table 24. Antioxidant activity of commonly consumed cereals and millets

Correlation between phenolic content & 
AOA in cereals and millets

Values are Mean ± SD; n = 3
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Food grain

 

Botanical name

 Phenolic 
content

 

(mg/100g)

 
 

DPPH
 

(% Inhibition 
trolox equalent)

 

mg/g

 

FRAP

 

(µM/g)

 Reducing 
power

 

(mg/g)

 

Rice (milled)

 

Oryza sativa

 

47.64 ± 0.82

 

1.23 ± 0.03

 

60.93±8.76

 

0.79 ± 0.02

 

Rice parboiled 
(milled)

 

Oryza sativa

 

50.87 ± 1.99

 

0.75 ± 0.00

 

67.48±10.98

 

0.84 ± 0.13

 

Wheat flour 
(whole)

 

Triticum aestivum

 

109.34±23.71

 

0.24 ± 0.08

 

33.29±2.40

 

0.61±0.002

 

Jowar

 

Sorghum vulgare

 

57.55 ± 2.72

 

1.27 ± 0.04

 

66.90±6.65

 

0.82±0.13

 

Rice puffed

 

Oryza sativa

 

56.61 ± 3.06

 

0.49 ± 0.11

 

62.98±5.57

 

0.93±0.08

 

Bajra

 

Pennisetum 
typhoideum

 

133.63 ± 2.33

 

1.26 ± 0.18

 

145.69±19.36

 

1.73±0.09

 

Finger millet 
(Ragi)

 

Eleusine cora 
cana

 

373.15±70.07

 

1.73 ± 0.03

 

471.71±33.48

 

4.54 ± 0.81

 

Semolina

 

Triticum aestivum

 

138.72 ± 9.58

 

0.27 ± 0.09

 

16.21 ± 2.37

 

0.36 ± 0.10

 

Maize

 

zeamays

 

112.68 ± 0.43

 

1.39 ± 0.50

 

86.29 ± 21.90

 

1.20 ± 0.13

 

 

Mean

 

120.02±101.0

 

0.95 ± 0.53

 

112.38±137.0

 

1.31 ± 1.26

 

 

PC Vs
 

r
 

r2%
 

DPPH

 

0.45

 

20.49

 

FRAP

 

0.91

 

82.53

 

Reducing power (mg/g)

 

0.90

 

82.38

 



b. LEGUMES AND PULSES  

1. Phenolic content of pulses and legumes 
showed a wide range (62.4 to 418 mg/ 
100g). Black gram dhal had the highest total 
phenolic content (418 mg/100g) followed by 
Rajmah (333mg/100g). The mean phenolic 
content was 199 mg/100g (Table 25).

2. DPPH scavenging activity ranged from 0.26 
to 1.07 mg/g (trolox equivalent) with the 
highest activity seen in Rajmah (1.07) and the 
least in Bengal gram dhal (0.26) and the 
mean value being 0.60 mg/g. 

3. FRAP activity in pulses and legumes ranged 
from 52.9 to 373 mM/g. The highest activity 
was in Rajmah (373mM/g) and the least in 
green gram dhal (52.9 mM/g). The mean 
value was 120 mM/g.

 
4. Reducing power ranged from 0.77 to 4.89 

mg/g with the mean value being 1.70mg/g. 
The highest activity was found in Rajmah 

(4.89mg/g) and the lowest in Black gram 
dhal (0.77 mg/g).

5. Compared  to  cereals and millets, pulses 
and legumes in general, showed poor 

2correlation (r =2–19%) between PC and 
AOA.

The data generated on the AOA of cereals, 
millets, legumes and pulses commonly consumed 
in India indicates that phenolics in plant foods 
may contribute to their AOA only in some foods 
but not all. 

Table 25. Antioxidant activity of commonly consumed pulses and legumes

Correlation between phenolic content & 
AOA in legumes and pulses

Values are Mean ± SD; n = 3
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Food grain

 

Botanical name

 

Phenolic content

 

(mg/100g)

 

DPPH

 

(% Inhibition trolox 
equalent)

 

mg/g

 

FRAP

 

(µM/g)

 

Reducing 
power

 

(mg/g)

 

Red gram dhal

 

Cajonus cajan

 

229.33 ± 3.34

 

0.61 ± 0.18

 

102.65±12.51

 

1.63 ± 0.24

 

Green gram 
dhal

 

Phaseolus aureus 
Roxb

 

62.35 ± 4.31

 

0.30 ± 0.10

 

52.85 ± 10.09

 

1.05 ± 0.31

 

Blackram dhal

 

Phaseolus mungo 
Roxb

 

418.34 ± 12.57

 

0.27 ± 0.07

 

61.75 ± 9.89

 

0.77 ± 0.28

 

Bengal gram 
dhal

 

Cier arietinum

 

149.37 ± 10.35

 

0.49 ± 0.12

 

84.12 ± 7.74

 

1.50 ± 0.18

 

Lentil

 

Lens esculenta

 

112.91 ± 3.19

 

0.44 ± 0.13

 

67.98 ± 7.09

 

1.03 ± 0.25

 

Green gram 
(whole)

 

Phaseolous 
aureus Roxb

 

327.64 ± 8.26

 

0.86 ± 0.07

 

152.36±15.01

 

1.60 ± 0.11

 

Bengal gram 
dhal (rosted)

 

Cier arientinum

 

131.19 ± 4.62

 

0.26 ± 0.01

 

70.96 ± 10.13

 

1.33 ± 0.16

 

Bengal gram 
(whole)

 

Cicer arietinum

 

194.90 ± 9.60

 

0.53 ± 0.08

 

128.32±12.58

 

1.88 ± 0.06

 

Peas green 
(dry)

 

Pisum sativum

 

126.63 ± 35.00

 

0.88 ± 0.05

 

97.35 ± 7.44

 

1.54 ± 0.34

 

Soya bean

 

Glycine maxmerr

 

100.54 ± 1.08

 

0.97 ± 0.02

 

130.57 ± 6.50

 

1.52 ± 0.53

 

Rajmah

 

Phaseolus 
vulgaris

 

332.98 ± 8.06

 

1.07 ± 0.21

 

372.76±17.72

 

4.89 ± 1.14

 

 

Mean

 

198.74±114.72

 

0.60 ± 0.29

 

120.15±89.57

 

1.70 ± 1.10

 

PC Vs

 

r

 

r2%

 

DPPH

 

0.16

 

2.56

 

FRAP

 

0.44

 

19.39

 

Reducing power (mg/g)

 

0.33

 

10.91

 



II. ANTIOXIDANT ACTIVITY AND 
PHENOLIC CONTENT OF SPICES 
COMMONLY CONSUMED IN INDIA

     Plant foods are good sources of antioxidants 
and phenolic compounds are potent antioxidant 
substances present in all plant foods. Since spices 
form important ingredients of Indian diets and a 
wide variety of spices are used in the Indian 
culinary preparations, the present study was 
conducted to assess antioxidant activity of 
commonly consumed spices of India and assess 
the contribution of their phenolic content to AOA.

Twenty two, commonly consumed spices used 
in curries, legumes, snacks and cereal foods 
prepared in India were studied. Three samples of 
each of the commonly consumed varieties of 

MATERIAL AND METHODS

spices were purchased from each of the three 
different local markets of the twin cities of 
Hyderabad and Secunderabad. Samples bought 
from one market were pooled and analysed as 
one samples. Thus for each of the spice, three 
pooled samples (each made of three samples)  
have been analysed. 

Standard extraction and estimation protocols 
were adopted. While the phenolic content was 
determined by the Folin Ciocalteu method, the 
antioxidant activity (AOA) was determined by two 
different methods :1. DPPH Radical scavenging 
activity and 2. Inhibition of auto oxidation of  
carotene in a mixture of  carotene and linoleic 
acid in vitro by the spice extract. 

The phenolic content and anti oxidant activity 
of the spice samples are given in Table 26 and the 
salient findings are as follows.

RESULTS

Table 26.  Antioxidant activity and phenolic content (expressed as mean ± SD) in 
commonly consumed spices of India

47

*  expressed as mg of food required for 50% inhibition of the autooxidation of ß-carotene in the ß-carotene and 
linoleic acid mixture invitro    ~  expressed as mg Trolox equi/g of food#  expressed as mg of gallic acid equivalent 
in 100g of raw food stuff

     Sajeera Sajeera 0.419 0.045 9.47  0.80 444.5 107.2

Cinnamomum zeylanicum Cinnamon 0.207 0.026 80.30  16.98 3107.1 189.5

Syzygium aromaticum Clove 0.055 0.005 165.32  47.4 10418.7 536.9

Eiettaria cardamomum Cardamom small 0.511 0.279 1.70  0.13 116.8 20.9

Eiettaria cardamum Cardamom black 0.241 0.033 3.71  0.15 288.1 28.0

Piper nigrum Pepper 0.245 0.022 4.02  0.70 261.3 17.7

Laurus nobilis L Bay leaves 0.289 0.094 35.6  8.67 2021.2 581.2

Myristica fragrans Mace 0.124 0.036 13.18  6.40 627.1 74.8

Myristica fragrans Nutmeg 0.150 0.016 14.38  5.11 721.5 122.6

Illicium verum Staranise 0.194 0.012 61.74  12.48 1224.6 269.6

Curcuma domestica

 

Turmeric

 

0.090 0.038

 

10.88  0.48

 

817.7 61.8

 

Coriandrum sativum

 

Coriander seeds

 

1.431 0.937

 

2.63  0.25

 

207.4 48.2

 

Papaner somniferum

 

Poppy seeds

 

5.531 1.689

 

0.47  0.02

 

16.1 1.3

 

Chadila

 

Chadila

 

5.442 0.869

 

2.23  0.32

 

218.9 75.0

 

Foeniculum vulgare Mill

 

Fennel seeds

 

0.448 0.198

 

7.24  1.32

 

364.0 16.5

 

Zinziber officinale

 

Ginger dry

 

0.332 0.029

 

3.77  1.87

 

336.0 23.1

 

Trachyspermum ammi

 

Bishops weed

 

0.176 0.005

 

8.08  2.16

 

932.0 113.6

 

 

 
Antioxidant activity

 

Botanical

 

names

 

English

 

common 
names

 

C-LA*

 

DPPH~

 

Phenolic content#

 

Brassica nigra

 

Mustard seeds

 

1.276 +

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

+

0.761

 

4.17  0.44

 

207.0 9.7

 

Cuminum cyminum

 

Cumin seeds

 

0.994 0.264

 

7.43  1.04

 

328.0 98.6

 

Trigonella foenum

 

graecum

 

Fenugreek seeds

 

1.542 0.322

 

4.88  1.89

 

224.6 33.7

 

Capsicum annum

 

Red chillies

 

0.345 0.103

 

1.93  0.21

 

295.4 45.3

 

Ferula  foetida

 

Asafoetida

 

0.477 0.347

 

1.29  0.57

 

228.8 125.3

 

     

      

     

     

     

     

     

     

     

     



1. Antioxidant activity (AOA) analyzed by CLA 
method (expressed as mg of food required 
for 50% inhibition of the autooxidation of         
b-carotene in the b-carotene and linoleic 
acid in vitro) was the highest in clove (0.055) 
and the lowest in poppy seeds (5.531). 

2. Antioxidant activity as assessed by DPPH 
radical scavenging activity (expressed as mg 
trolox equivalent / g spice) showed that clove 
has the highest AOA (165.32) where as 
poppy seeds (0.47) had the lowest activity. 

3. Total phenolic content (expressed as mg of 
gallic acid equivalent in 100g of raw 
foodstuff) was also the highest in clove 
(10,318.7) followed by cinnamon (3,107.1), 
Bay leaves (2,021.2) and the lowest was in 
poppy seeds (16.1).

4. Significant negative correlation (Spearman 
rho) was found between phenolic content 
(PC) vs  bCLA (- 0.77 ), and   PC vs DPPH (- 
0.88), suggesting that PC contributed 
significantly to AOA of the spices studied as 
analysed by bCLA and DPPH methods used 
in the present study.        

b 10.PRO12 ALA POLYMORPHISM 
IN PPARg AND ITS ASSOCIA-
T ION WITH  METABOL IC  
SYNDROME IN A COHORT 
FROM SOUTH INDIA

The etiology of T2DM has a strong genetic 
component and variations in several candidate 
genes have been widely implicated in 
predisposition to this disorder. Among these 
candidate genes, PPARg, a nuclear hormone 
receptor, controls adipocyte differentiation and 
regulates a number of genes associated with 
energy homeostasis. The common variant 
Pro12Ala (rs1801282) of PPARg has been 
consistently associated with T2DM among the 
Western populations, however, such associations 
have been inconsistent among the Asians. 
Another silent mutation in the exon 6 of PPARg 
gene, C1431T (rs3856806), studied in several 
populations, was also found to be in linkage 
disequilibrium with the Pro12Ala variant. 
Intriguingly, the prevalence of diabetes in 
Hyderabad (South India) was found to be 
significantly high (16.6%) along with a higher 
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Table 27. Anthropometric profile of the study subjects according to 
Diabetes and Hypertension status

 Diabetes  Hypertension  

 Diabetics  Non-diabetics  P  Hypertensives  Normotensives  P

No. (699)  350  349  -  351  348  -

BMI  24.92±5.35  25.88±5.88  <0.05  25.73±5.39  25.39±6.18  NS

Waist circum-
ference  (cm)  

93.79±9.011  90.23±9.43  <0.0001  92.91±8.71  91.11±9.95  <0.05

Systolic BP 
(mmHg)  

134.68±25.88 
(N=285)  

136.32±28.94 
(N=113)  

NS  
141.69±27.08 

(N=213)  

127.61±24.36 
(N=185)  

<0.001

Diastolic BP 
(mmHg)  

83.90±13.73 
(N=285)  

84.10±14.45 
(N=113)  

NS  
87.65±13.73 

(N=213)  

79.70±12.92 
(N=185)  

<0.001

Total Cholesterol 
(mg/dl)  

329.43±286.53 
(N=323)  

218.16±128.9
6 (N=168)  

<0.0001  
328.80±277.46 

(N=266)  
247.16±204.5

0 (N=225)  
<0.001

Total Triglyceride 
(mg/dl)  

225.56±108.37 
(N=323)  

185.12±83.84 
(N=175)  <0.0001  224.30±114.62 

(N=267)  
196.38±83.39 

(N=231)  <0.05
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impaired glucose tolerance (IGT) (29.8%) when 
compared with urban Indian populations living in 
other metropolitan cities. Though, the Pro12Ala 
and the C1431T SNPs have been associated with 
a higher prevalence of diabetes in the western 
and some Asian populations, its effect remains to 
be seen in the Indian population, which has a 
higher prevalence of diabetes. Additionally, there 
is a lack of information pertaining to the C1431T 
SNP in Asian Indian population. Therefore, in the 
present study the roles of the Pro12Ala and the 
C1431T variants in a large cohort from 
Hyderabad with T2DM, obesity and hypertension 
was investigated and also haplotype analysis on 
these disease phenotypes from this urban 
population was carried out .

Isolated genomic DNA from a cohort 
comprised of 699 unrelated subjects were 
presented at the Mediciti Hospital, Hyderabad, 
India between August 2004 and August 2006. 
Subjects were diagnosed for T2DM (mean age 
61.8+11.25 years) based on their past history 
and being on anti-diabetic or hypoglycemic drug. 
Subjects over 50 years of age (mean age 
61.93+10.40 years) with normal glucose levels 
or elevated glucose levels without glycosylated 
hemoglobins were enrolled as controls. Subjects 
were further categorized based on hypertension 
and obesity. The variants in the PPARg were 
identified by using a PCR-RFLP method and the 
mutations were further validated by automated 
DNA sequencing (Table 27). Based on an earlier 
epidemiological study, the prevalence of Type 2 
diabetes was highest (16.6%), with a very high 
prevalence of impaired glucose tolerance 
(29.8%) in Hyderabad, among the major 
metropolitan cities in India. Interestingly, the 
frequency of the minor Ala allele in our cohort 
(12.8%) was comparable to the other report from 
Chennai in Southern India (11%) and Caucasians 
(12%). However, this frequency was significantly 
higher than other Asian populations from Taiwan 
(4%), Korea (4.1%), Malaysia (3.2%), China (1%) 
and Japan (3%). On the other hand, the 
frequency of the T allele (C1431T) in the cohort 
was 14.2%, which was again similar to 

CONCLUSION

Caucasian populations from UK (11.9%) and 
France (13.3%). Linkage disequilibrium (LD) 
between these two SNPs was almost similar 
across different phenotype categories such as, 
diabetes (D'=0.719), hypertension (D'=0.713), 
BMI (D'=0.713) and waist circumference (D'= 
0.716). Four different haplotypes were generated 
for these SNPs with respect to these phenotype 
categories. The estimated haplotype frequencies 
were not significantly different among the cohorts 
with and without the clinical traits within these 
phenotype categories (Table 28). These 
observations clearly point to a genetic proximity, 
at least with respect to Ala allele and T allele of 
Indian population to the Caucasians. No  
association of C1431T with T2DM, BMI and 
waist circumference was found, while there was a 
weak association with hypertension (p=0.049). 
Since, the allele frequencies of both the variants 
in Indians are closer to that of Caucasian 
populations rather than other Asian populations, 
indicating that their implications are very 
different. This may be due to other genetic 
variants in candidate genes that are as yet 
uncharacterized in the Indian population. 

Insulin resistance and type 2 diabetes is 
emerging fast as a major health risk in developing 
countries like India. Epidemiological observations 
suggest a strong pathophysiological correlation 
of obesity to type 2 diabetes, however, the 
molecular link between these two conditions 
remained elusive. In a mice model, resisitn, a 
cysteine rich secretory protein, which is down 
regulated by anti-diabetic drugs l ike 
thiazolidinediones (TZDs), has been implicated as 
the link between type 2 diabetes and obesity. 
However, the role of this protein in the etiology in 
humans is highly debated. Several studies have 
demonstrated a lack of correlation between levels 
of resistin and obesity and insulin resistance.  

1 1 . U N D E R S TA N D I N G  T H E  
MECHANISM OF ACTION OF 
PPARg IN REGULATION OF 
GLUCOSE METABOLISM
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Figure 29. Truncated promoter constructs of human resistin

Figure 30. luciferase activities of different truncated promoter constructs in 
the presence or absence of PMA (10ng/ml)
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Also, it appears that the resistin in humans play a 
role in inflammation rather than insulin resistance. 
Earlier observations indicated that the differences 
in the genetic organization of mouse and human 
may account atleast in part the difference of their 
expression patterns as well as levels. Therefore, 
much detailed study was undertaken in human 
resistin to understand the molecular mechanism 
of its regulation in humans. 

To understand the transcriptional regulation 
of human resistin performed in sillico analysis was 
performed to identify putative transcription 
factors that may interact with the human resistin 
promoter. A promoter region of about 2.0 kb 
upstream to the transcriptional start site was 
cloned into a luciferase reporter vector. The 2.0 
kb promoter was systemically deleted from the 5' 
region to generate a series of clones to study the 
importance of different promoter regions and the 
cognate binding proteins in regulating the 
transcriptional activities from the human resistin 
promoter (Fig.29). These constructs were 

CONCLUSION

transfected into U937 monocytic cell lines and 
measured the respective reporter activities 
(Fig.30).  Using in silico analyses, it was found 
that NF-B, AP-1, C/EBP and c-Rel are the major 
transcription factors present in the minimal 
promoter of human resistin. Since, transfected 
studies revealed that the resistin gene 
transcription can be modulated by PMA, a 
pharmacological inducer AP1 and NFkB, we 
examined the binding of both the AP-1 and NF-B 
using EMSA with oligonucleotides native to their 
binding sites on the promoter. It was found that c-
rel and the Ap1 positively interacts with their 
cognate motifs in nuclear extracts prepared form 
U937 cells. To further elucidate the physiological 
relevance of the binding of c-Rel and AP-1 to the 
resistin promoter Chromatin immunopre-
cipitation (CHIP) of U937 cells treated with PMA 
and PDTC with anti C/EBP, anti Phospho-ATF2 
and anti phospho–cJun antibodies was 
performed. These antibodies were found to 
immunoprecipitate the human resistin promoter 
sequences,  indicating their functional interaction 
with the resistin promoter in vivo. 



Mustard when compare to other oilseeds.  Na 
was not present in Sesame, Mustard and Cotton 
seeds (Table 29).

 In coconut carbon content was 67.47% and 

Oxygen content was 29.92%, Saturated fatty 

acid (SFA) content was 88% unsaturated fatty 

acid (USFA) 9% In castor saturated fatty acid 

content was 2% unsaturated fatty acid content 

was 98%. Carbon content 65.86%, Oxygen 

content was 30.80 (Table. 30). However, no 

correlation can be drawn between SFAs, USFAs 

content with oxygen and carbon content in these 

oil seeds. It was popularly believed that the 

consumption of excess mustard oil leads to skin 

diseases because of sulphar (1.61%) content in 

the oil.     

EDAX – RAY ANALYSIS OF OIL SEEDS 
SESAME (TIL), MUSTARD, GROUNDNUT, 
CASTOR, COTTON AND COCONUT

OBJECTIVE

MATERIALS AND METHODS

RESULTS & DISCUSSION

SEM is a useful instrument for studying the 
microstructure of a variety of food properties like 
quality, nutrients composition pattern etc. The 
EDAX-ray analysis, elemental composition 
pattern of the oil seeds is reported in the present 
study. 

Dry oil seeds Sesame (Til), Mustard, 
Groundnut, Castor, Cotton and Coconut were 
collected from commercial markets of 
Hyderabad. Fractured samples of the above 
oilseeds were placed on SEM stubs with double 
adhesive tape and coated with gold 300 A° thick 
in a Hitachi high vacuum evaporator HUS-5G, 
were analyzed in link ISIS-300 oxford model of 
EDAX-ray accessory attached to Hitachi SEM-S-
520, operated at 10 kV.

C, O, Mg, Al, Si, P, S, and K was found only in 
Castor and Coconut, P and S content is high in 

V.PATHOLOGYV.PATHOLOGY

Table 29. Elemental Dispersive X-ray (EDAX-Ray) Analysis of oilseeds 
(All elements in percentage %)
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Carbon   Oxygen  Sodium  Magnesium  Aluminum   Silicon  Phosphorous  Sulphor Chloride

 

Potassium

 

S.No .    OIL SEEDS        

 

  C          O          Na      

 

   Mg              Al 

        

   Si

 

  P

               

 S         Cl           

   

K

 

   
1.

 
     SESAME           62.45    35.96       ---        0.32          0.05      

    
0.12       0.46          0.28    

   
---

         
0.37

 

   2.      MUSTARD        57.80    38.24       ---        0.27          0.04      

    

0.02       1.14

   

1.61   

    

---

         

0.88

 

   3.     GROUNDNUT  64.39    32.94      0.19      0.28          0.28      

    

0.20       0.20

   

0.30   

    

---

         

1.22

 

   4.     COTTON         57.42    39.20        ---        0.45          0.45     

    

0.08       1.41           0.64   

    

---

         

0.80

 

   5.     CASTOR)          65.86    30.80      0.32      0.31          0.18      

    

0.18       0.97          0.18   

 

 0.16   

     

1.04

 

   6.     COCONUT      67.47    29.92      0.04      0.24          0.09      

    

0.03       0.29          0.42    

 

0.36   

     

1.11   

              

Table 30.  Comparisons with Fatty acids

SFA: Saturated Fatty Acids   USFA: Unsaturated Fatty Acids

   
Fatty acids in %

             
 

Sample
  

SFA   USFA
 

      Carbon     Oxygen
 

Sesame

  

13

 

86

 

    62.45

  

35.96

 

Mustard

 

11

 

89

 

    57.80

  

38.24

 

Groundnut

 

21

 

79

 

    64.39

  

32.94

 

Cotton

  

26

 

71

 

    57.42

  

39.20

 

Castor

  

 2

 

98

 

    65.86

  

30.80

 

Coconut

 

88

 

  9

 

    67.47

  

29.92



1. PUBLICATIONS 

2. TRAINING PROGRAMMES

The quarterly periodicals, namely, Nutrition 
(English), Poshan (Hindi), Poshana (Telugu) and a 
semi-technical bulletin Nutrition News, covering 
popular articles of public interest and scientific 
information on nutrition are being published.  

The other titles which were reprinted, on 
popular demand, include “Dietary Guidelines for 
Indians – A Manual (Telugu)” and Nutritive Value 
of Indian Foods.

A total of twenty one candidates participated in 
the regular training programmes viz. (i) Post-
Graduate Certificate Course in Nutrition (11 
participants including two participants sponsored 
by WHO) (ii) Annual Training Course in 
Endocrinological Techniques (6 participants) and 
(iii) Techniques for Assessment of Nutritional 
Anaemias (4 participants). In addition, ad-hoc 
training programmes were conducted for 4 WHO 
Fellows from Nepal.

An ad-hoc orientation training programme 
on “Planning and Execution of Evaluation of 
Nutritional Programmes”, was organized for four 
WHO participants from Nepal (Nov.27 – Dec. 1, 
2006).

2.1. REGULAR TRAINING PROGRAMMES

2.2. ADHOC TRAINING PROGRAMMES

VI.  EXTENSION AND TRAININGVI.  EXTENSION AND TRAINING

About 20 PG students underwent training in 
various disciplines like Biotechnology, 
Microbiology, Biochemistry, Foods and Nutrition, 
Computers etc, as part of their dissertation work 
from different institutes of the country. 

1. Organised an exhibition on nutrition and a 
talk on 'Need to eat a variety of foods' at a 
private school in the Old City of Hyderabad 

th(13  July 2006). 

2. Conducted a poster display session and a 
popular lecture on nutrition and health at New 
Zeal Public School, Hyderabad for the benefit 
of the schoolchildren and their parents in 

thassociation with a local NGO (24  August 
2006).

3. As part of Public Information Campaign (PIC) 
to  commemora te  “Bhara t  N i rman 
Celebrations”, organized two exhibitions of 
posters related to Nutrition & Health at 
Nalgonda and Vuyyur, Andhra Pradesh in 
association with Press Information Bureau. 

thAbout 700 people visited the stall (29  Aug. – 
nd th st2  Sept. 2006 & 27  Sept. – 1  Oct. 2006).

4. Organized an exhibition stall by displaying 
posters related to Nutrition and Health for the 
residents of Tarnaka during Ward Sabha event 
in association with the Standing Committee of 
Tarnaka Residents' Welfare Associations, 

thHyderabad (5  Nov. 2006).

5. Displayed Nutrition and Health Posters in the 
ICMR pavilion organized by Indian Council 
Medical Research, New Delhi, in an exhibition 
“Pride of India Science Expo-2007” as part of 

th94  Indian Science Congress. About 300 
rd thdelegates visited the ICMR pavilion (3  - 7  

Jan 2007). 

6. Organized an exhibition stall with posters 
related to nutrition in association with the local 
unit of Food & Nutrition Board, Kolkata, in the 

3. EXTENSION ACTIVITIES

3.1.EXHIBITIONS 
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Participant receiving certificate



th“12  Agriculture-Industry-Tourism & Science 
Festival” held at Purba Medinapur. Low-cost 
nutritious preparations were displayed and 
gratis publications were distributed.  About 

rd th500 villagers visited the stall (23  – 29  Jan 
2007).

The following Popular lectures/ Awareness 
camps were delivered/ conducted:

1. An extension lecture on ”Nutrition and Health” 
to about 25 members of the Rotary Club of 

thSecunderabad (15  April 2006).

2. A popular talk on “Nutrition and Health” to 
lady members (30 homemakers) of Rotary 

thClub of Secunderabad  (27  April 2006).

3. Two extension lectures on “Nutrition and 
Health” in Nutrition awareness camp by 
displaying the posters related to Nutrition and 
Health for school children and adolescent girls 
living in and around Charminar area as part of 

ththe 16  Annual Summer Camp organized by 
Confederation of Voluntary Associations 

nd th(COVA) (2  and 10  May 2006).

4. A “Nutrition Awareness Programme” at a 
summer camp for the members of a Women's 
Self Help Group (60) at a Training Centre in 

ththe old city of Hyderabad (18  May 2006).

5. A talk on “Dietary Guidelines” at the 
Government junior College for Women, 

stNampally, Hyderabad (21  June 2006).

6. Health camp and a popular talk on the 
“Importance of Nutrition in HIV positives” in a 
programme organized by World Vision, an 
International NGO. About 70 HIV positive 

th patients participated in the programme (6
July 2006). 

7. A popular lecture on “Health and Nutrition” 
to the Lady Club members (50) at the Chiraan 

thFort Ladies Club, Hyderabad (15  July 
2006).

8. A popular lecture on the “Importance of 
nutrition in youth and young adults” to the girl 
students (300) and 25 faculty members of 
Sarojini Naidu Vanitha Mahavidyalaya 

thCollege, organized by an NGO, COVA (20  
August 2006).

3.2 POPULAR LECTURES/AWARENESS CAMPS

9. A popular talk on “Dietary modifications to 
overcome the ill effects of flurosis” in Nutrition 
Awareness Programme organized by an NGO 
Sri Ram Charitable Trust at Vattipalli village, 
Nalgonda District an endemic area for 
flurosis. About 100 villagers participated in 

ththe programme (28  November 2006).

10.Nutrition awareness programme for the 
residents (100) of Vasavi Nagar, Hyderabad in 
association with FNB. Low cost nutritious 

threcipes were also demonstrated (12  
November 2006).

11.Nutrition extension Programme and a 
popular talk on “Importance of Nutritious 
food” to homemakers (300) of commandoes 
of the State Govt. of Andhra Pradesh Police. 
Demonstration of Low-cost nutritious recipes 
was organized in association with Food and 
Nutrition Board, Hyderabad and the benefits 
of the Low-cost recipes were explained to the 

thparticipants (16  December 2006).

12.A popular talk on nutrition for school students 
(100) and their parents at a Slum in old city of 
Hyderabad in association with a local NGO 

th(18  January 2007).

13.An extension lecture to the mothers of 
Preschool children on “Creating awareness on 
child nutrition” at Vidyarjana Kindergarten 
School managed by IAS officers wives 
Association, Secretariat, A.P. Government, 

ndHyderabad (22  March 2007).

1. Popular talk on HIV and Nutrition in Health 
thWatch by TV9 Channel (6  April 2006).

2. An interactive session organized by Singareni 
Collieries Company Ltd for their employees 
through telecast using MANA TV (AP Sapnet), 

thHyderabad (13  August 2006).

·A popular talk on nutrition and health was 
delivered to the executives of State Bank of 
Hyderabad. About 25 executives participated 
in the programme.

3.3.RADIO TALKS/ TV INTERVIEWS 

4.1.NATIONAL TECHNOLOGY DAY         
TH(11  MAY 2006)

4. SPECIAL EVENTS 
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·Conducted a Nutrition Awareness programme 
at IZM Women's centre in the Old City of 
Hyderabad in association with Confederation 
of Voluntary Associations (COVA). Over 150 
adolescent girls and women participated in 
the programme.

·Diet Counselling Centre was initiated at the 
Institute.

·A one day State-level Workshop on “Nutrition 
Literacy” was organised in association with 
Food and Nutrition Board (Govt. of India) and 
Department of Women Development and 
Child Welfare (Govt. of A.P) (Sept. 4).

·A Nutrition awareness camp for adolescent 
girls (500) was organized in association with 

4 .2 .NAT IONAL  NUTR IT ION WEEK  
THCELEBRATIONS  (1- 7  SEPTEMBER, 06)

Centre for Dry Land Research - ICAR institute, 
at Shabad Mandal, R.R. Dist. AP (Sept.7).

Organized “Nutrition Awareness Camp” by 
displaying posters to women and a popular talk 
was delivered on Nutrition and Health in a 
programme. In addition, demonstration of low 
cost nutritious recipes was also organized in 
association with FNB. About 200 women 
participated in the event. 

International Women's Day Celebrations was 
organized by Women's Cell Committee, Defence 
Electronics Research Laboratory, Hyderabad and 
a popular talk on “Nutrition and General Health” 
was delivered to about 300 women. 

The Extension & Training Division has been 
carrying out the duties of the Secretariat for WHO 
Southeast Asia Nutrition Research-cum-Action 
Network. The Division has been carrying out the 
day-to-day activities and all correspondence 
related to the secretariat of the Network. The July 
2006 issue of the network's newsletter – 'SEA 
NETWORK' was brought out in multi-colour 
format and dispatched to all the network 
colleagues. 

4.4.WORLD FOOD DAY CELEBRATIONS 
TH(16    OCTOBER, 06)

4.5INTERNATIONAL WOMEN'S DAY 
TH(8  MARCH 2007)

5. ACTIVITIES OF SECRETARIAT FOR 
WHOSEA NUTRITION RESEARCH-CUM-
ACTION NETWORK

 



A. FOOD SAFETY

In response to the print and electronic media 
reports regarding the occurrence of kidney 
related problems and fluorosis in a large number 
of people from Uchapally village, Nellore district, 
Andhra Pradesh, on the advice of the Director 
General, Indian Council of Medical Research 
(ICMR), a survey was conducted. The survey team 
visited Uchapally village and carried out a rapid 
exploratory study in the month of October 2006 
with the objective to assess the prevalence of 
kidney related diseases and its probable causes.

Uchapally village of Podalakuru block is 
about 45 km away from the District Headquarter, 
Nellore town. It has a population of about 553 
with 110 households (HHs). About 70% of the 
HHs belonged to other communities and 20% to 
Scheduled caste. About 80% of HHs were living in 
either kutcha or semi-pucca houses with majority 
of HHs not having sanitary latrine or separate 
kitchen. Bore well / tube well was the only source 
of drinking water and the village has a total of 5 
bore wells. There is one non-operational mica 
mine and a big water reservoir (Kandaleru) about 
1 and 8 Km away from the village respectively. 
The village has no proper transport facilities. 
Roads in the village were kutcha in nature and the 
main road is about 15-20km away from the 
village.

The exploratory study was carried out in 
Uchapally village in consultation with District 
Health Officials. A total of 52 subjects (Males: 
38, Females: 14) including 32 (Males: 27, 
Females: 5) subjects, supposedly suffering from 
kidney related problems (identified by DM & HO) 
&20(Males:11,Females:9) subjects who 
attended the health camp were selected 
randomly for comparison. The demographic and 
HH particulars were obtained from all the 

PROFILE OF THE VILLAGE

METHODOLOGY 

individuals. Clinical history of non-communi-
cable diseases (NCDs) such as Diabetes Mellitus 
and Hypertension was obtained. Blood pressure 
of all the subjects were recorded by using Mercury 
Sphygmomanometer. Clinical examination was 
carried out for the signs and symptoms of kidney 
related problems, fluorosis and anaemia. Drug 
usage history was also obtained from all the 
individuals.

Anthropometric measurements like weight 
and height were measured using standard 
equipment to assess the nutritional status. Diet 
survey was carried out in about 30 households by 
using food frequency questionnaire to assess the 
dietary pattern of the community. 

Blood and urine samples of all subjects were 
collected in plain test tubes and plastic containers 
respectively. Blood samples were centrifuged 
within one hour to separate serum and the same 
was stored and transported to NIN in cold 
condition for further biochemical investigations. 
Water samples from all the drinking water sources 
(5-bore well and one from tanker) of the village 
were collected for chemical analysis.

Serum 25OH-Vitamin D and iPTH was 
estimated by kit method, blood urea, serum 
creatinine, protein, albumin, SGOT, SGPT, ALP, 

TMtotal bilirubin was estimated using ACE  auto 
analyzer (Schiapparelli biosystems, supplied by 
Wipro Biomed) and serum lead was analyzed by 
blood lead analyzer 3010b (ESA, USA)/ Lead 
Care Blood Lead Testing System. The proposed 
equipment for lead estimation is an approved 
procedure by CDC Atlanta, USA.

Hemoglobin levels of all subjects were 
estimated by Cyanmethaemoglobin method. 
Urinary fluoride was estimated by ion selective 
electrode method. Sugar, albumin and blood in 
urine were semi quantitatively estimated by dip 
stick (Bayer pharmaceuticals) method. Water was 

BIOCHEMICAL INVESTIGATIONS
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analyzed for 22 toxic and trace metals by 
Inductively Coupled Plasma Mass Spectrometry 
(ICP-MS) method. 

  
MDRD (Modification of diet in renal disease) 
formula was used to assess kidney function. 
HDCN calculator from the Internet was used to 
calculate the GFR. ( ). Staging of 
kidney disease was done according to the 
classification proposed by KDOQI. 

A total of 32 subjects (Males: 27; Females: 5) 
as cases and 20 subjects as controls (Males: 11; 
Females: 9) were covered for the survey, 81% of 
the subjects belonged to other castes and 16% 
were from Scheduled caste. About 78% of 
households were either kutcha or semi-pucca. 
Majority (59%) of subjects (cases) were labourers 
and about 28% were agriculturists. Bore well was 
the only source of drinking water and majority of 
them were consuming water from the bore well 
located at Pothuraju raccha. 

Diabetes was not reported among both cases 
and controls. About 28% of cases reported that 
they had hypertension and they were on 
medication. Similarly, about 15% of controls 
reported that they were hypertensives. However, 
the measurements of blood pressure showed that 
the proportion of hypertension was about 28% 
among cases and 40% among the controls.  

The signs and symptoms related to fluorosis 
such as Dental mottling, Genuvalgum / Varum, 
Tibial Bowing, Neck Rigidity, Joint stiffness, 
Rickets, Paraplegia were not seen both among 
cases and controls. School children were 
examined for the presence of signs of fluorosis. 
Dental mottling, the sign of fluorosis was 
observed only among 10% of children.

Symptom analysis among cases showed that 
81.2% had body pains, 59.3% had low back 
pain, and 12.5% had swelling of feet as the major 
complaints. There were no specific symptoms, 
which are suggestive of renal disease.

GLOMERULAR FILTRATION RATE (GFR):

COVERAGE PARTICULARS

NON-COMMUNICABLE DISEASES

CLINICAL SIGNS AND SYMPTOMS

www.hdcn.com

RESULTS

The drug consumption history, showed that 
majority of patients consumed NSAIDS 
(Diclofenac sodium, Ibuprofen, Nimusulide, 
Sulindac, Naproxyphen etc), which were 
procured from general merchant shops. Duration 
and dosage could not be assessed properly.

Mean blood urea 34.4 ± 19 mg/dl; Serum 
creatinine 1.2 ± 0.64mg/dl. Serum 25-OH-
Vitamin D was 57.5% lower in experimental 
group than controls where as serum iPTH was 
856.8% more in experimental group than control 
group. Serum albumin was within normal range 
in both the cases and controls.  SGOT was 
normal in all the cases, while it was above normal 
in 15% of controls. SGPT was elevated in 9% of 
the cases, while it was higher in 5% of controls. A 
higher level of serum alkaline phosphatase was 
reported in all the cases and in 90% of controls. In 
all cases total bilirubin was normal where as it 
was more in 3% of controls. The proportion of 
cases who had >7.5g% (upper limit) of total 
proteins was about 91% and the corresponding 
figure for the controls was 100%. The blood 
samples of both cases and controls were 
analysed for the estimation of Haemoglobin to 
assess the prevalence of anaemia. The results 
showed that about 81% of the cases and 75% of 
controls were suffering from anaemia. Blood lead 
levels of more than 20µg/dl (toxic level) was 
reported in 3% of cases, while it was 15% in 
controls. Urinary fluoride was higher in group B 
(1.7 ± 1.15 ppm), compared to group A (0.66 ± 
0.2ppm). Drinking water fluoride level was within 
permissible limit (<1.5ppm). About 84% of cases 
were found to be positive for varying levels of 
albumin (Proteinurea) while, the proportion 
among the controls was 20%. Urinary sugar of 
both cases and controls were negative for the 
presence of sugar. 

All the drinking water samples from 5 sources 
were collected and analyzed for fluoride level. 
The fluoride levels of all the samples were within 
permissible limit (< 1.5ppm) except for the 
sample collected from hand pump located in 
Harijanwada (1.6ppm).   

LABORATORY INVESTIGATIONS
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TRACE ELEMENTS IN WATER 

CHRONIC KIDNEY DISEASE (CKD) 

NUTRITIONAL STATUS

A total of 22 toxic and trace metals (Li,  B,  Al, 
Si,  V,  Cr,  Mn,  Fe,  Ni,  Co,  Cu,  Zn,  As,  Se, 
Rb,  Sr,  Mo,  Ag,  Cd,  Sb,  Ba,  Pb.) were 
analyzed. Out of 22 trace and toxic metals, one 
source of drinking water had Al level higher than 
permissible limits prescribed by WHO (45.92g/L 
vs permissible limit is 30g/L). Other 15 metals 
were below the permissible limits of WHO 
criteria. WHO has not prescribed permissible 
limits for six metals such as Li, B, Si, Rb, Sr and Ag. 
However, when compared to the chemical 
analysis of drinking water (Manjeera river water) 
supplied by the Muncipal Corporation of 
Hyderabad, the water samples (5 Nos) of 
Uchapally village contain higher levels of Silica 
(44.76 Vs 7.19) and ranged between 42 to 47 
and Strontium (2306 Vs 574) ranged from 1154 
to 3467.

Chronic kidney disease staging was done 
according to MDRD formula (Internet version). As 
per the formula all the cases were in different 
stages of kidney disease. Of them about 81% 
were in stage 4 and 13% were in stage 5 of 
chronic kidney disease. Similarly, 60% of the 
controls were also in different stages of kidney 
disease.  Among the controls 40% were in stage 
2, 20% in stage 3 and10% were in stage 4 of 
chronic kidney disease (Table 31).

Table 31. Stages of chronic kidney disease 

The proportion of under nutrition i.e. chronic 
energy deficiency (BMI<18.5) was about 19% 
among cases. Surprisingly, the proportion of 
under nutrition was higher (35%) among controls.

COMMENTS

All the 32 patients who were identified to be 
suffering from kidney disease by DM&HO, 
Nellore, were confirmed to have kidney disease 
by the Nephrologist (from NIMS) on the basis of 
serum creatinine, blood urea, proteinurea and 
MDRD GFR. Among the cases, 93% were having 
significant kidney disease (stage 4 and stage 5). 
Among controls, about 30% were having 
significant kidney disease (stage 3 and stage 4). 

About 84% of cases and 20% of controls had 
proteinurea. The urine examination suggests the 
patients may be having chronic glomerular or 
interstitial disease. Evaluation of the kidney sizes 
according to the available reports show that 18% 
had kidney size less than 9cm, which indicate a 
significant structural kidney disease. Radio-
graphic assessment of available X-rays showed 
an increased bone density in 56% of the cases, 
which suggested metabolic bone disease that 
could be due to renal or other causes. 

The toxic and trace metals like Silica (Si) and 
Strontium (Sr) are known to cause kidney 
damage and increase bone density respectively 
when they are consumed in excess for long 
duration.        The village is located in the mica 
(Potassium aluminum silicate) belt region and 
the ground water, which is the source of drinking 
water for the village contains higher levels of Si, 
Sr and aluminum. Available literature shows that 
there was a strong association between Silica 
and kidney disease. Previous reports on silica 
nephropathy are reported with inhalation of silca 
dust during the mining process but observations  
show that ground water containing high level of 
si l ica can also have the same toxic 
manifestations as inhalation on the kidney. 
Strontium and Aluminum levels were also higher 
in the drinking water of the Uchapally village 
compared to the normal municipal drinking 
water of Hyderabad. These elements are known 
to increase bone density, which was seen in 
almost all the cases. Blood lead levels in few 
cases as well as in control subjects were higher 
than normal. There is however no industry 
nearby and drinking water levels were also under 
permissible limit.

CKD 
stage

 GFR ml/min 
per 1.73 m2

 

Cases (32)
 

Control 
(20)

 

Normal

 

>90

 

0

 

4

 

1

 

High BP with 
GFR  >90

 

0

 

2

 

2

 

60-89

 

1 (3.12%)

 

8 (40%)

 

3

 

30-59

 

1 (3.12%)

 

4 (20%)

 

4

 

15-29

 

26(81.25%)

 

2 (10%)

 

5

 

<15(dialysis)

 

4 (12.5%)

 

0

 



60

RECOMMENDATIONS

·Bore well water should not be used as a source 
of drinking water.

·Safe drinking water should be supplied 
through tankers until alternate arrangements 
are made.

·Unauthorized sale of NSAIDS should be 
banned in the villages.

·All patients with 4th stage of kidney disease 
should be treated accordingly to prevent 
further progression of disease and all 
necessary medication to be supplied.

·Detailed Scientific study with adequate sample 
is proposed in the villages of entire mica belt 
region to assess the prevalence of kidney 
disease and to take permanent remedial 
measures. 

·Patients with Stage 5 kidney disease should be 
referred to Nizams Institute Medical Science 
Hyderabad and the expenditure for treatment 
could be met from Andhra Pradesh CMs fund 
or any other Govt resources.

In response to the recommendations of the 
Joint Parliamentary Committee (JPC) constituted 
by the Parliament, the Ministry of Health and 
Family Welfare (MOHFW) stipulated the 
standards for the drinking water used by the 
carbonated beverage processing plants to 
conform to the standards set for the packaged 
drinking water vide Notification No. GSR 451 (E) 

thdated 15  July, 2004.

Based on the recommendations of the JPC, it 
was suggested to carry out a multi centric study to 
assess the pesticide residue levels in sugar 
samples collected from different units located in 
different geographical regions to assess the likely 
presence of pesticide residues in the beverages 
through the sugar samples. Therefore, in the 
present investigation sugar samples were 
analyzed for the presence of pesticide residues, if 
any, by following the standard operating 
procedures (SOPs).

2. MULTICENTRIC STUDY ON 
ANALYSIS OF PESTICIDE 
RESIDUES IN  SUGAR  SAMPLES

Twenty-seven sugar samples were collected 
from the different sugar units located in six states 
of the country. Analysis of pesticide residues was 
carried out in sugar samples collected from 
different sugar units located in different parts of 
India viz., Andhra Pradesh, Tamil Nadu, 
Karnataka, Gujarat, Maharashtra, and Uttar 
Pradesh. 

Approximately, 2 kgs. of sugar samples in 4 
packets, each containing 500gm were collected 
from the randomly selected 8-10 different bags 
stored in godowns of sugar units for analysis of 
pesticide residues. The four packets of each unit 
were kept separately in polyethylene carry bags 
and packed separately. A composite sample was 
prepared for each Unit by systematic mixing of the 
4 packets. The composite sample for each unit 
was divided into four equal portions. Each 
portion was transferred into pre-labelled 
polyethylene zip lock bags, coded and further 
they were packed in bigger polyethylene zip lock 
bags for distribution purpose. Four sets of each 
27 coded sugar samples were prepared, three 
sets for the participating laboratories for 
analytical purpose and one set was kept as 
reference material. All the sets were delivered to 
NIN, Hyderabad; NIOH, Ahmedabad & BCKVV, 
West Bengal respectively.

Residues of the following pesticides were 
analyzed on a priority basis in the sugar samples 
in collaboration with M/s.Vimta Labs, Hyderabad 
utilizing the readily available well standardized 
hardware and methods considering the limited 
time available to achieve the objectives of the 
study.  The target analytes for GC-TOF-MS and 
LC-MS-MS are as follows:

PESTICIDES ANALYSED

Group-I : GC-TOF-MS Analytes
 

-HCH

 

-HCH

 

-HCH

 

-HCH

 

p,p’-DDE

 

p,p’-DDD

 

p,p’-DDT

 

-Endosulfan

 

-Endosulfan

 

Organochlorine insecticides

 

Endosulfan sulfate

 

 

Fipronil,

 

Dicofol, 

 

Formothion

 

Synthetic Pyrethroid

 

Cypermethrin
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Methods for Multi-Residue Analysis 
using GC-TOF-MS and LC-MS-MS

Based on the NIST reference library mass 
spectra  (GC-TOF-MS) and the low area counts 
and the signals (LC-MS-MS) obtained for the 
sugar samples when compared to mass spectra 
and the area counts obtained for the reference 
standards it can be concluded from the present 
study that there were no pesticide residues 
detected in any of the sugar samples collected 
from different geographical regions of the 
Country at the Limit of Detection (LOD-0.1 ppb) 
and the Limit of Quantification (LOQ-0.5 ppb) of 
the Instruments used for the analysis. The 
presence of pesticide residues chlorpyriphos was 
detected in two sugar samples at a level of 0.206 
and 0.782 µg/Kg. However, the area counts were 
not significant as compared to the reference 
standard of chlorpyriphos. Therefore, it can be 
inferred that the sugar is not the contributing 
factor for the pesticide residues in carbonated 
beverages.

Government of India has initiated several 
projects to create awareness on Food Safety and 
strengthen food safety monitoring system in India 
under capacity building project. As part of this 
exercise, Ministry of Health and Family Welfare 
has identified National Institute of Nutrition (NIN) 

3. CAPACITY BUILDING PROJECT 
ON FOOD AND DRUG SAFETY

as a nodal centre to carry out study on 
knowledge, attitude, beliefs and practices, with 
regard to Food Safety and Drug Use among rural 
and urban populations. Accordingly an Expert 
Committee was constituted by Ministry of Health 
and Family Welfare along with World Bank 
officials who have peer reviewed and sanctioned 
the proposal.

To carry out survey on Knowledge, Attitude, 
Beliefs and Practices on Food Safety and Drugs in 
Rural and Urban slum populations in all States of 
India.

·Mothers of Children Under Five
·Adolescent Girls
·Anganwadi Workers
·Primary School Teachers
·Doctors
·Pharmacists
·Food Inspectors
·Drug Inspectors

The National Report on Knowledge Attitude 
Beliefs and Practices among mothers of  children 
(<5years) on Food and Drug Safety was 
prepared.  The report has been released during 

thNational Dissemination Seminar on 16  
October, 2006 at National Institute of Nutrition 
by the Honorable Central Minister of State, 
Ministry of Health and Family Welfare, 
Government of India.

A multi-stage stratified, proportional random 
sample of 20, 719 households (HHs) from five 
regions spread over 28 states (250-1500 HHs) 
from 1-6 districts per state (small and big in 
proportion to the size of the population) were 
covered for the study.  A pre-tested questionnaire 
was administered to the mothers of children 
under five years of age as the respondents. This 
quantitative data was supported by 164 focus 
group discussions (FGDs) with mother 
respondents, and 120 with adolescent girls, 
which were intended to confirm the reported 

OBJECTIVES

Work done at NIN

Target Groups

The major findings of the project

Group-II : LC-MS-MS Analytes
 

Malathion

 

Quinalphos

 

Insecticides

 

Chlorpyriphos

 

Carbaryl

 

Dichlorvos

 

Imidacloprid

 

Monocrotophos

 

Alachlor

 

Metribuzin

 

Simazine

 

Atrazine

 

Herbicides

 

Alachlor

 

Carbamates

 

Carbofuran
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practices and get their perceptions regarding 
food and drug safety issues. In addition, in-depth 
interviews were conducted with Anganwadi 
workers (n=420), primary schoolteachers 
(n=420), doctors (n=240), pharmacists 
(n=180), food inspectors (n=60) and drug 
inspectors (n=52). The project was planned and 
executed by the National Institute of Nutrition 
(NIN), Hyderabad functioning as the nodal 
institution as well the regional center for the 
Southern states, with linkages from four other 
regional institutions who have been given the 
responsibility of conducting the studies in the 
states falling in their respective regions, 
submitting the state and regional reports. The 
four regional institutions were – All India Institute 
of Medical Sciences and Lady Irwin College, New 
Delhi (Northern States), All India Institute of 
Hygiene and Public Health, Kolkata (Eastern and 
North Eastern States) and Tata Institute of Social 
Sciences, Mumbai (Western States). 

This report has been prepared at NIN based 
on the data and reports provided by the regional 
institutions. This report presents data mainly at the 
national level, comparing data at regional levels. 
Data at state level was also cited wherever 
necessary to draw appropriate conclusions. The 
results are presented and discussed under five 
heads – (1) Food safety related assets and 
enabling environment (2) Awareness on food and 
drug safety (3) Food and drug safety related 
practices followed by discussion, conclusions and 
recommendations. 

The first part describes the demographic 
details of the HHs. In general, the results at the 
national level and regional level on 
socioeconomic variables and assets from the 
present project are in consonance with other 
National Surveys and information officially 
available.  The next part is related to food and 
drug  safety  perceptions  and  practices  of 
people. 

In brief, the results indicate that Indians 
mostly cook food twice a day (78%) using solid 
fuels (about 76%) in a common place (31%) or 
specific verandah (28%) and serve hot food 
(54.3%). Most families store the left over food 
(86%) in covered containers (99%) and leave at 

room temperature (89%) and consume with next 
meal (67.8%) only 21% consume the next day. As 
regards food safety practices, almost all 
households wash their hands before undertaking 
all activities pertaining to food handling viz., 
cooking of food (92%), serving (90%), eating 
(98%) and after eating (98%). A large proportion 
of mothers wash their hands before feeding the 
child (86%) or before taking drinking water out of 
stored container (71%). In abundant precaution, 
mothers (99%) wash their hands after defecation 
and cleaning the child's stools. Other activities, 
which involve exposure to 'dirt' like mopping / 
dusting the house (94%) and handling the cattle 
(72%) are also usually followed by washing of 
hands. 

The main sources of drinking water are tap 
water or tube well or hand pump (adding up to 
76.4%). Almost all of them (93.5%) store in 
covered containers. Only 40% of the households 
reported that they purify water at home using 
methods like straining through cloth (54.9%) and 
boiling (27.5%). A large proportion, boil the milk 
(72%) after procurement. Only 32% households 
store milk, of which 82% store it at room 
temperature. 

As against the common belief that India is 
predominantly vegetarian, 64.1% families 
consume non-vegetarian foods with highest 
reported in Southern States (92.2%) and the least 
in North (40.4%). A majority of families state that 
leftover non-vegetarian food is stored at room 
temperature (51.2%).

Most respondents claimed to consume 
vegetables (89%) and wash them with potable 
water (86.8%) before cutting or peeling. Only 
75.7% respondents wash fruits with water, 
preferably with potable water (85.8%).   

Only 20% mothers ever bottle fed their 
children, the predominant mode of feeding is 
using glass tumbler or katori–chamach (container 
and a spoon). 

Spoilage of food is usually determined by 
smell (48.7) and rarely by appearance (18.4) and  
taste (about 10%) or all three (22.2%). 

About 13.2% mothers could recollect that at 
least one of their family members had suffered 
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from food borne illness(es) in the past couple of 
weeks. Strangely, Western Region reported 
highest prevalence of 25%, topped by 
Maharashtra and followed by Goa, Madhya 
Pradesh, Rajasthan and Chattisgarh respectively 
and much less in Gujarat. In contrast, only 3% 
mothers recollected foodborne disease 
outbreaks in the village or community. Such out- 
breaks were reported to be higher in East and 
North East. A large proportion of respondents 
(42%) did not know what action was to be taken 
and 27% were unconcerned, adding up to 69% 
families taking no action even after encountering 
an outbreak. 

It is disappointing that though 59.2% claim to 
buy packed foods only 21% of them look for the 
symbols on food labels. About 51% the 
respondents stated that they get information on 
food labels from TV and 16% get the same from 
radio. As regards the quality symbols on food 
labels, ISI is known to 77.8% of respondents, 
while AGMARK is known to more than half of 
them only 22% know FPO. Over 26% always 
check the list of ingredients on food labels while 
43% check the same sometimes or rarely and 
30.5% never check this information on the label. 
It is encouraging that over 75% of them all check 
the 'best before' date. 

The findings on drug safety reveal that most 
respondents (86%) claimed to consult a qualified 
doctor (Government doctor (43.1%), Private 
Doctor (33.0%) and RMP (9%)). About 80% 
claimed that the chemists always insist on 
prescription. Over half of the respondents said 
that they do not take either prescription or a 
substitute drug from the chemist.  About 67% buy 
medicines only in packed form but only 46% 
check the expiry date on the pack. Disposable 
syringes are known to 63% of the respondents. 
Only 44% think injections are more effective than 
tablets. It is interesting that 87% associate faster 
recovery to efficacy of the drug and only 10% 
attribute it to 'no side effects'. 

About 54% do not know whom to complain in 
case of food adulteration and over 29% do not 
bother to complain. Widespread ignorance of 
legal rights and fundamental responsibilities 
became evident even in the FGDs with women. 

There are wide variations between different 
regions on their knowledge and practices with 
regard to food safety and drug quality. In general, 
similar trends were observed among the States 
within the regions barring some exceptions.  

The status of food and drug safety in the 
country in general and at the household level in 
particular (the smallest unit) is expected to be 
influenced, some positively and others negatively, 
by a large variety of factors, which in turn has a 
bearing on the outcome (incidence of foodborne 
diseases). 

Since, studies of this magnitude have 
neither been reported from any developing 
country nor in India so far, no single factor or set 
of factors can be identified to account for perfect 
safety. Many factors are essentially beyond 
control at the unit level but determine the 
ultimate outcome. Thus, it was deemed 
necessary to build an integrated index, 
considering all factors that significantly 
influence safety. Such an index will help setting 
goals and monitoring the progress in 
measurable terms. Therefore, in the present 
report attempts have been made for the first time 
in evolving such integrated food safety and drug 
safety indices both at National and State level. 

Variables like enabling assets, awareness 
and practices that have direct bearing on the 
incidence of foodborne diseases were analyzed 
first. A model was conceptualized according to 
which the sum of some crucial variables reflecting 
levels of awareness and practice in the 
community should be broadly reflected in the 
outcome. Weighted scores were assigned to 12 
important variables of food safety to arrive at 
integrated food scores and they were related to 
the prevalence of diarrhea at state level to 
validate them. The results indicate that in North-
East and North, more states have better food 
scores and low prevalence of diarrhea as against 
Eastern states with low scores and low prevalence 
and in Western states with low scores but high 
prevalence. On the other hand states from South 
have been evenly divided into low and high food 
scores. 

Similar scores were built based on knowledge 
and practice obtained from the 10 questions on 



drug quality and safety. These scores, unlike food 
scores, were closer amongst the regions, yet the 
differences were statistically significant. North-
East which had good scores on food safety ended 
up with the lowest score on drug safety. Thus, 
people in different states / regions have different 
perceptions on food and drug safety and quality. 

In general, focus group discussions with 
mothers of children (<5 years of age) and 
adolescent girls and in-depth interviews with 
various stakeholders confirmed the major 
observations. However, some reported practices 
did not match with the observations made in the 
FGDs and in-depth interviews. For instance, the 
respondents' claims that the pharmacists insist on 
prescriptions and their assertions that they would 
not seek nor would the chemist suggest substitute 
medicines, were not borne out to be true.  

Diabetes milletus is on rise in India. 
Controlling blood sugar levels is the criteria for 
avoiding secondary complications in these 
subjects. Atherosclerosis is one of the 
complications observed in subjects with long 
duration of this disorder. Many food ingredients 
are shown to have protective effects in preventing 
secondary complications. 

The medical properties of garlic are well 
known since millenium. In traditional medicine, 
garlic is known to have hypocholesterolemic, 
hypotensive, anticancer, antimicrobial, 
antithrombotic activities. Diallyl sulphide (DAS) is 
the major active ingredient of garlic. Scientific 
work on active principles of garlic in benefiting 
diseased conditions is gaining importance in 
cases with diabetes milletus. Platelet aggregation 
is one of the parameter to assess atherogenticity 
of blood. In this study, anti-atherogenic properties 
of diallyl sulphide in diabetic subjects was 
assessed.   

B. CANCER AND XENOBIOTICS

1. EFFECT OF DIALLYL SULPHIDE ON 
ATHEROGENIC PROPERTIES IN 
SUBJECTS WITH DIABETES MELLITUS 

AIMS AND OBJECTIVES 

 1. To assess the platelet aggregation in 
Adenosine Diphospate (ADP) induced in 
diabetic subjects. 

2. To study the effect of diallyl sulphide on the 
platelet aggregation. 

Platelet aggregation is affected by many 
drugs. Information was collected from the 
Diabetic subjects (NIDDM) about the medication 
followed by them to control the clinical 
condition.  Subjects in fasting state without 
medication (ie. affecting PA) were selected for 
the study and the non responders were the 
subjects who were on medication.  The subjects 
were from out-patient ward of Osmania General 
Hospital. The blood was collected in appropriate 
anticoagulant tubes to assess, fasting plasma 
sugar, glycosylated hemoglobin, triglyceride, 
cholesterol, HDL cholesterol and creatinine as 
clinical parameters. Blood for platelet 
aggregation was collected in citrate tubes and 
fibrinogen was estimated in platelet poor 
plasma.  The data presented is for 14 NIDDM 
subjects.  Clinical biochemistry was assessed for 
35 subjects who were non-responders for ADP 
induced platelet aggregation. The fasting 
plasma glucose level in the study subjects (14) 
was  139 .1±29.34mg/d l  &  149 .4± 
53.49mg/dl in non-responders which suggests 
that these subjects were in hyper-glycemic state. 
The glycosylated hemoglobin level of these 
subjects was 10.5±3.58%, suggesting 
uncontrolled blood sugar levels for the past four 
months.  The fibrinogen levels, creatinine levels, 
and HDL cholesterol levels were in normal 
range. The mean level of triglyceride and 
cholesterol suggests that the group was in 
hypertriglyceridemic and hypercholesterolemic 
physiological state during the study period. The 
clinical chemistry data shows that there was no 
significant differences in the parameters 
assessed in both the groups.

The  platelet  aggregation  (ADP induced) 
was carried out at 3 concentrations of ADP (5 µM, 
10 µM and 20µM ADP) with 2.2 µg of diallyl 
sulphide. The values  in reduction on platelet 
aggregation with DAS (incubation for 1 min) was  
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expressed  as  relative reduction  calculated  by  
a formula: 

% Relative Reduction =

a. The % of aggregation at 5 µM, 10 µM and 20 
µM ADP was 9, 19 and 26  (Median value) 
respectively. 

b. There was no spontaneous change in the 
aggregation pattern in all the subjects with 
diallyl sulphide. 

c. The relative reduction in aggregation at 10 
µM ADP ranged between 6% - 80% with a 
median value of 42%. 

Table 32. Clinical biochemistry of non insulin 
dependent diabetes mellitus subjects

RESULTS

Table 33. Platelet aggregation (ADP induced) 
in NIDDM subjects

d. The relative reduction was 28% at 20 µM 
ADP concentration.   

e. The relative reduction in platelet aggregation 
(20 µM ADP) for 6 subjects with asprin (200 
µg) ranged from 14% - 61% as a positive 
control in the study.  In one subject there was 
complete inhibition of platelet aggregation 
with asprin. 

Table 34. Relative reduction in aggregation 
by DAS (2.2 µg)

The data suggest that there was a reduction 
by DAS in the atherogenic property of the diabetic 
subjects. Therefore intake of garlic through diet 
may be helpful in reduction of one of the 
secondary complications in Diabetes mellitus.

CONCLUSION
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Values Mean ± SD
Values in parenthesis are number of subjects

PARAMETERS RESPONDERS NON 
RESPONDERS

 

Fasting plasma 
glucose (mg/dL)

 

139.1 ± 29.34

 

(14)

 

149.4±53.49

 

(34)

 

HbAIC (%)

 

10.5 ± 3.58

 

(11)

 

8.6±2.68

 

(26)

 

Triglycerides 
(mg/dL)

 

166.6 ± 64.46

 

(14)

 

153±104.86

 

(32)

 

Cholesterol 
(mg/dL)

 

205.7 ± 47.11

 

(14)

 

185.4±46.74

 

(32)

 

HDL Cholesterol

 

40.7 ± 8.31

 

(8)

 

41.0 ±13.74

 

(13)

 

Creatinine 
(mg/dL)

 

1.2  ± 0.44

 

(14)

 

1.2

 

± 0.33

 

(32)

 

Fibrinogen 
(mg/dL)

 

297.9 ± 85.23

 

(6)

 

336.6±143.50

 

(14)

 

S.No.
 

 

ADP conc.
 

(µM)

 

N

 

Aggregation
 

Values Median (%)

 

1

 

5

 

4

 

9.5

 

2

 

10

 

11

 

19.0

 

3

 

20

 

14

 

26.0

 

S.No.
 

 

ADP conc.
 

(µM)

 

N

 

% Relative
 

Reduction

 

1

 

10

 

11

 

42.0

 

2

 

20

 

14

 

28.5

 

% Aggregation with ADP
% Aggregation with ADP and DAS 

  x  100 
% Aggregation with ADP 
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SERVICE ACTIVITIES

1. Breeding and Supply of Animals

2.  Supply of animal Feed  

3.  Supply of Blood & Blood products

4. Health Monitoring 

During the year, 40143 animals of various 
species and strains were bred and 39689 animal 
were supplied.  While there was no increase in the 
number of animals bred, there was 20% increase 
in the number of animals supplied. The income 
generated from animal supply was Rs.44.30 
lakhs which was also 20% more than the previous 
year. This is mostly due to the increase in demand 
for Swiss albino mice and G. pigs during this 
period. The details of individual animals species 
and strains bred and supplied are shown in Table 
35 and 36.

With the addition of a new indigenous 
pelletting machine the feed supply also increased 
during the corresponding period.

Totally 33156 kg of animal feed (29631 kg of 
rat/mice feed; 3525 kg of G.pig/rabbit feed) 
were supplied during the period generating an 
amount of Rs.24.7 lakhs. There was an increase 
of 23.5% in supply and 33% in the amount 
generated during the reported period.

Need based supply of experimental animal 
feed was continued as shown in Table 37 and it 
generated an income of  Rs.1,15,650/-.

530 ml of whole blood, 427 ml of sera and 
1120 ml of plasma were supplied to 7 different 
institutions and on 47 occasions. A sum of 
Rs.93,840/- was realized from this activity. Parent 
institution was also provided with 185 ml of blood 
for blood agar plate preparations. 

Routine Microbiological health monitoring 
was carried out in randomly selected animals as 

A.  STOCK ANIMAL FEED

B. EXPERIMENTAL ANIMAL FEED

well as accessory items entering the animal cages 
like bedding, feed and water.  Number of 
samples analyzed from various species is as 
follows:

Mice – Balb/C - 20, C57BL/6J - 35, NIH(s) Nude 
hetero - 67, FVB/N 44, Swiss  - 76, Rats CFY – 
08,  Fischer 344N - 20; Holtzman 10, Sprague 
Dawley 29; WNIN 60, Wkyoto 06, Hamster, 
Golden Syrian 10.   Throat, lung, liver and 
caecal swabs were taken and cultured in petry 
dishes with different media.  Apart from this 
faecal samples from G. pigs (120) and Rabbits 
(120) were also screened.

The salient findings were as follows:

1. Staphylococcus Spp, Streptococcus spp. and 
Listeria monocytogene were the most 
commonly seen organisms in both mouse and 
rat strains.  The incidence varied from 60 
to100 percent in  different strains.  

 2. The incidence of  E.coli was more in mice 
strains  (72-100%)  where as it was about 50-
66% in rat strains.

3. In general, incidence of various organisms 
were high in both mouse and rat strains which 
were bred in large numbers (WNIN, SD rats 
and Swiss and BALB/c mice).

4. The other organisms like Bacillus spp., 
C o r y n e b a c t e r i u m  s p p ,  K l e b s i e l l a  
pnenumonea, Proteus spp. Psudomonas spp. , 
A Calco were also present in both mouse and 
rat strains.

5. Apart from microorganisms, there was 
widespread incidence of mite infestation in 
mice strains and Taenea teaniformis in rat 
strains.  

6. Analysis of faecal samples from rabbits and 
G.pigs showed the presence of A. Calcovar, 
Klebsiella spp. Proteus spp, Pseudomonas 
spp. varying from 28 to 42%.  However, E.coli 
was observed more commonly from 72 to 
79%.

VIII. NATIONAL CENTRE FOR LABORATORY 
ANIMAL SCIENCES (NCLAS)

VIII. NATIONAL CENTRE FOR LABORATORY 
ANIMAL SCIENCES (NCLAS)
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7. The incidence of Staphylococcus spp. Bacillus 
spp. and fungal contamination was from 18 to 
27% in diet, water or bedding.

 Table 37. Experimental animal feed

The above results suggest that diet and water 
may not be contributing for the large incidence of 
several organisms in different mouse and rat 
strains.  Many of  them could be due to airborne 
infection because of  the room conditions.  The 
other reason could be due to density of  animals 
in the colonies.  

The increased incidence of mites in mice and 
liver cysts in rats was traced to the defective 
functioning of the autoclave and consequent 
improper sterilization of the bedding. 
Procurement of  new sterilizers were proposed in 

ththe 10  plan project and their purchase has been 
delayed due to technical reasons.

Steps have been already initiated to renovate 
the animal facility along with a proposal to have 
increased air cycles per hour.  It is expected to 
reduce the incidence of airborne organisms over 
the next two years. Two new sterilizers are being 

procured in the current year to improve the 
sterilization efficiency.

Animals identified as sick from various 
colonies were also subjected to autopsy and 
microbial monitoring. The number of sick 
animals investigated during the period is as 
follows:

     Rat SD - 36, Fischer 344N  16, Mice 
C57BL/6J – 5, Rabbit  -  11, Guinea pigs -  9.

Blood was drawn from apparently healthy 
animals from various colonies and they were 
subjected to virology screening.  The finding 
showed the presence of MVM in 9 samples 
belonging to various mice colonies.

Rabbits procured for Preclinical Toxicology 
testing were subjected to quarantine.  They were 
treated with Ivernectin and after examination of 
faecal samples, were handed over for 
experimentation.

As it was planned to carry out the renovation 
of animal facilities, the regular training 
programmes were not undertaken.  However, 
adhoc training of one week duration was held for 
40 DMLT students. Ad hoc training of one week 
was also provided to two veterinarians, one from 
Intervet, Pune and another from Ranbaxy 
Research Laboratories, New Delhi. Two students 
of B. Tech Biotechnology completed their 
dissertation work in the physiology laboratory of 
NCLAS.  

The Centre supplied animals and extended 
technical help for conducting 8 IAEC approved 
regular animal experiments of the institute.  It also 
extended help to Advanced Preclinical Toxicology 
Centre for evaluation of proprietary peptide 
molecules Genopep I and II. Preclinical testing of 
tetravalent vaccine supplied by Indian 
immunologicals is initiated this year.  

5. Human Resource Development

6. Research Support

No
 To whom 

supplied
 

Type of diet
 

Qty (kgs)
 

1

 

Reliance Life 

 

Sciences Ltd.

 

High fat diet

 

11.75 kg

 

2

 

IICT

 

Cholesterol 
diet

 

150 kg

 

3

 

Osmania 
University

 

Galactose 
(30% Sucrose) 

diet

 

3 kg

 

4

 

Bharat Biotech

 

9% Protein 
diet

 

20 kg

 

5

 

Zydus Cadilla

 

High fat diet

 

82.50 kg

 

Iron deficient 
diet

 

15 kg

 

17% Protein 
diet

 

15 kg

 

6

 

National Brain 
Research Centre

 

5% Protein 
diet

 

15 kg

 

7

 

Laila 
Neutraceuticals

 

High fat diet

 

100 kg
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1. NON-CLINICAL TOXICITY STUDIES 
OF JAPANESE ENCEPHALITIS 
VACCINE (LIVE ATTENUATED SA-14-14-2)

Japanese Encephalitis Virus (JEV) is a 
mosquito borne Flavi virus infection affecting 
approximately 10 million children in different 
parts of the globe and results in more than 3 
million deaths and causes neurological deficits in 
more than 4 million children every year. The 
prevention of JE is by vaccination. The production 
of JE vaccine is expensive due to non-availability 
of mouse brains coupled with high production 
costs. This has resulted in production of second 
generation of vaccines to combat JE.  In India, 
the production of this vaccine is limited whereas 
its demand is high in view of the epidemic every 
year. 

Since the production of JE Vaccine (JEV) in 
India is not adequate to cover the entire 
vulnerable group, the Ministry of Health and 
Family Welfare, Government of India proposed 
to import the JE vaccine (live attenuated Japanese 
encephalitis virus {strain SA-14-14-2} produced 
using monolayer of hamster kidney cell culture) 
from China to meet the demand and make it 
commercially available in the country. In 
addition, to the clinical trials conducted in other 
countries, it is now  included in the National 
vaccination programme of China (Province of 
Taiwan), Japan and Republic of Korea. However 
in India, as per Schedule “Y” of DCGI, the 
product has to be tested for its safety before 
recommended for clinical use. The present study 
has been undertaken with the following objective.

To evaluate the Pre-clinical toxicity of 
Japanese Encephalitis vaccine.

 JE vaccine (live 
attenuated Japanese encephalitis virus {strain 
SA-14-14-2}was manufactured using monolayer 
of hamster kidney cell culture in a dose of 0.5ml 

OBJECTIVE

MATERIALS AND METHODS

1. Test compound profile:

containing not less than 5.4 log PFU of live JE 
stvirus to be administered in two doses (1  -0.8 yrs, 

Booster-2 & 7yrs) sub-cutaneously.

  As per the regulatory guidelines, 
acute neurovirulence test in mice (Swiss albino) 
and subchronic toxicity test in guinea pigs (NIH 
Harley) has been carried out. Acute 
neurovirulence test has been conducted in mice 
exposed to the test compound and wild JE virus 
(JEV 733913 Bankura) by intrathecal route with 
observations of lethality and neurovirulence. The 
neurovirulence test has been conducted at NIV, 
Pune. 

In subchronic toxicity test, the safety profile 
has been tested by exposing the animals with 
clinical intended therapeutic dose to 5 & 10 times 
of the therapeutic dose. The animals were equally 
divided into three groups to receive the various 
doses viz., Therapeutic dose (TD) 0.1674 log 
PFU, Average dose (5xTD)  -0.837 log PFU, High 
dose (10xTD) - 1.674 log PFU using PBS-
Phosphate Buffer Solution as a Vehicle control 
(VC) by subcutaneous route.

 Live Phase of animals, Cage 
side observation (Daily), Physical Examination 
(Twice a week), Neurological Examination, Urine 
analysis, recording of body weight and 
temperature. The Hematology, Clinical 
Chemistry profile were recorded. The Organ 
weights, Gross necropsy and Histopathology of 
all major organs were monitored, in addition 
Immunotoxicity study and Mutagenicity test were 
carried out as per standard procedures. 

The results of the acute neurovirulence test were 
as follows: 

ØAll the animals, which received JE vaccine, 
thwere found to be active and normal till 14  day as 

compared to 60-70% of mortality of animals, 
which received wild virus.

ØThe neurovirulence test in brain samples 
exposed to test compound were found to be 
negative.

2. Test details:

Study parameters:

RESULTS  

IX.PRE-CLINICAL TOXICOLOGICAL STUDIESIX.PRE-CLINICAL TOXICOLOGICAL STUDIES
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The results of the subchronic toxicity test were as 
follows:

    ·No pre-terminal deaths.

·No significant treatment related effect on 
food intake, body weight, clinical signs and 
behavioural activity etc.  

·No significant changes in hematological 
parameters.

 ·No significant changes in clinical chemistry 
parameters.  

 ·No specific test compound-induced 
pathological changes. 

·No immunotoxicological effects.

·No evidence of any genotoxicological effects

The neurovirulence was negative with 
administration of vaccine by intra-thecal route 
suggesting its safety under conditions of acute 
exposure of test compound. The results of the 
subchronic toxicity test indicated no abnorma-
lities in physical, physiological, clinical chemistry, 
hematological, pathological, immunotoxi-
cological, genotoxicological parameters on sub-
cutaneous administration of test compound (SA 
14-14-2 JEV) supplied by sponsors at various 
doses and durations under the experimental 
conditions. The results of the study were 
submitted to the Ministry of Health for 
undertaking phase I and phase II clinical trials.

Among the various cancers, the most 
commonly diagnosed in women are breast and 
cervix whereas in men it is prostate and colon 
cancers. In the last few years, significant efforts 
are on to develop novel effective agents against 
these cancers. In the recent past, Membrane 
Disruptive Molecules-Synthetic peptides (MDMs) 
are being investigated for anti-cancer / anti-
tumour activity, in addition to their anti-microbial 
activities in experimental animals. In view of the 
above, ISSAR Pharmaceuticals Pvt. Ltd, 

CONCLUSION 

2. P R E - C L I N I C A L  T O X I C I T Y  
EVALUATION OF PROPRIETARY 
PEPTIDE MOLECULE GENOPEP 1 
(ISSAR 1)

Hyderabad, has developed for the first time, two 
new peptides viz; GENOPEP 1 (ISSAR 1) and 
GENOPEP 2 (ISSAR 2) with an intention to 
promote them for clinical use. GNP1 and GNP2, 
are chemically pure, stable, contain 23 and 10 
amino acid peptides respectively, developed by 
solid phase peptide synthesis, their intended use 
is as anti-cancer agents.

In order to promote its clinical use, as a New 
Drug Entity, the pre-clinical (in at least two animal 
species) and clinical trials as per Schedule “Y” of 
Drug Control General of India are mandatory. 
The present study has been undertaken with the 
following objective.

To evaluate the Pre-clinical toxicity of 
Proprietary peptide molecules - GENOPEP 1 
(ISSAR 1) and GENOPEP 2 (ISSAR 2).

 GENOPEP 1 
(ISSAR 1) and GENOPEP 2 (ISSAR 2) are 
chemically pure, stable peptides containing 
23 and 10 amino acids respectively, 
developed by solid phase peptide synthesis. 
The intended clinical dose is 0.143mg/Kg 
and 0.144mg/Kg respectively 5 times in a 
week for 4 weeks subcutaneously in cancer 
indicated patients.

 Acute, Subacute and Long-
term toxicity tests in mice , rats & rabbits as 
per regulatory requirements.

The Acute toxicity test has been 
conducted in mice (Swiss albino) & rats 
(Sprague Dawley) by exposing the animals to 
10 & 50 times of the intended therapeutic 
dose. Subacute and long-term toxicity tests 
have been conducted in rats (Sprague 
dawley) & rabbits (New Zealand white) which 
were exposed to the test compound at 
various dose levels viz., Vehicle control (VC), 
Therapeutic Dose (TD), Average Dose (AD, 
five times the TD) and High Dose (HD, ten 
times the TD).  The animals in all groups were 
selected, conditioned, and exposed to the 
test compound subcutaneously at various 
concentrations and observed for the 
following. 

OBJECTIVE

MATERIALS AND METHODS

1. Test compound profile:

2. Test Details:

3. Test system: 
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conducted in rats (Sprague dawley)  & rabbits 
(New Zealand white) which were exposed to the 
test compound at various dose levels viz., Vehicle 
control (VC), Therapeutic Dose (TD), Average 
Dose (AD, five times the TD) and High Dose (HD, 
ten times the TD).  The animals in all groups were 
selected, conditioned, and exposed to the test 
compound subcutaneously at various concentra-
tions and observed for the following. 

  Lethality, General Behaviour 
and daily activity

 Routine physical, 
physiological examinations and neurological 

thactivity were monitored bi-weekly.  On 14  
thand 28  day of post exposure, hematology, 

cl inical chemistry, gross necropsy, 
histopathology and genotoxicity tests were 
undertaken.

 Routine physical, 
physiological examinations and neurological 

thactivity were monitored bi-weekly.  On 60  
thand 90  day of post exposure, hematology, 

cl inical chemistry, gross necropsy, 
histopathology and genotoxicity tests were 
undertaken.

ØAcute Toxicity:

ØSub-Acute Toxicity:

ØLong-term Toxicity:

RESULTS 

CONCLUSION 

The results of this study were as follows:  

 No lethality was 
recorded in mice/rats after a single exposure 

thto 10 times of therapeutic dose till 14  day.

    ·No pre-terminal deaths.

·No significant treatment related effect on 
food intake, body weight gain, clinical signs, 
behavioral activity etc.  

·No significant changes in hematological 
parameters

·No significant changes in clinical chemistry 
parameters.  

·No specific test compound-induced patho-
logical changes in organs studied. 

·Mild genotoxicity was observed, however, it 
was not dose related.

No abnormal toxicity except for mild 
genotoxcity has been recorded in the rats, after 
exposing them to the test compounds at various 
dosage levels under experimental conditions.

ØAcute Toxicity Test:

ØSubacute Toxicity Test and Long-term 
Toxicity Test: 
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The Instrumentation department caters to the 
needs of the various divisions of the Institute by 
providing them with valuable technical expertise 
and prompt services in the use of numerous 
instruments available at the Institute. The 
department activities include maintenance and 
repair of Electrical, Electronics, Electro-
mechanical, Audio-Visual, Refrigeration and A/C 
equipment. Their work involves helping the 
scientific staff from preparing the specifications for 
their equipment, floating inquiries, scrutinizing the 
offers received, preparing comparative statements, 
ordering the equipment, making prerequisite 
arrangements for installation, installing the 
equipment and finally helping the members of the 

staff in utilizing the equipment to its optimum level. 
Further, the Instrumentation staff strives hard to 
maintain all these instruments in working condition 
by providing timely repairs, procuring required 
spares and stocking them to keep the breakdown-
time to a minimum (Table 38).

The activities of the instruments department 
can be broadly categorized into the following 
divisions:

I. Procurement & Installation of new equipment.

II. Maintenance of all existing equipment at the 
institute.

III.  Training programmes.

IV.  Audio Visual arrangements. 

INSTRUMENTATION SERVICESINSTRUMENTATION SERVICES

I. PROCUREMENT AND INSTALLATION OF NEW EQUIPMENT

S.No

 

NAME OF THE EQUIPMENT

 

MAKE

 

MODEL

 1.
  

2D Gel Electrophoresis with powerpack
 

BioRad
 

PAC 3000
 2.

  
Semi dry Blotting Unit

 
Scieplas
 

V-20 SDB
 

3.
  

Horizontal Electrophoresis Unit – 4 nos.
 

Scieplas
 Sr no. 5581, 6803, 

1762,
 

1823
 

4.

  

Electronic Balance Afcoset

 

A&D

 

GF 3000

 

5.

  

Electronic Balance Afcoset

 

A&D

 

ER-20A

 

6.

  

Refrigerated tabletop Centrifuge

 

Eppendorf

 

5810 R

 

7.

  

Photocopier – 2 nos

 

Sharp

 

ARM 205

 

8.

  

Binocular Microscope

 

Olympus

 

CX-21

 

9.

  

Semi Auto Biochemistry Analyzer

 

Wipro biomed

 

Micro Lag 300 EX

 

10.

  

CO2 Incubator

 

Thermo Forma

 

381

 

11.

  

Digital Camera

 

Nikon

 

DMC 12 Z

 

12.

  

Centrifuge

 

Eppendorf

 

5810R

 

13.

  

Chiller

 

Thermo

 

Merlin 33

 

14.

  

Atomic Absorption Spectrophotometer

 

Thermo

 

Solar S4 AA

 

15.

  

Thermal Cycler

 

Applied Bio Systems

 

GEN AMP PCR 
System 9700

 

16.

  

ELSD Detector with HPLC system

 

Thermo Finnigan

  

17.

  

LCD Projector

 

Epson

 

S4

 

18.

  

DEXA

 

ADS Medical systems

  

Table contd..

Table 38. List of new instruments installed
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S.No NAME OF THE EQUIPMENT MAKE MODEL 

 Centrifuge Eppendorf 5810R 

 Mini Bis Gel Documentation DNA Imaging 
system

 Biotron Healthcare
  

 
Inverted fluorescence microscope

 
Nikon

 
TE2000S

 

 
Transilluminator

 
Uvi-teck

 
BXT-20S

 

 
Cytospin

 
Thermo-Shandon

 
cytospin-4

 

 

On-line UPS System

 

Numeric

 

1KVA

 

 

Haematology analyser

 

Beckman

 

ACT 5 DIFF

 

 

Digital contamination monitor

 

Nucleonix

 

CM 710E

 

 

Millicell ERS Voltohmeter

 

Millipore

 

MERS0001

 

 

UV Cross Linker

 

Ultra Lum Inc.

 

CEX800

 

 

Ref. Bath Circulator

 

Jeio Tech

 

RW-0525G

 

 

Concentrator

 

Eppendorf

 

5301

 

 

Hybridization oven

 

Labnet

 

H1200A

 

 

Ref.Table Top Centrifuge

 

Eppendorf

 

5810R

 

 

Microplate Spectrophotometer

 

Bio –Tec Inst.

 

Power Wave HT-I

 

 

Thermo Mixer

 

Eppendorf

 

Thermo Mixer

 

comfort

 

 

Deep Freezer Vertical

 

Vest Frost

 

BFS -325

 

 

Split AC 2 TR

 

Hitachi

 

LOGI COOL

 

 

Ductable Split AC

 

Carrier

 

7.5TR

 

 

Air Cooled ductable Unit

 

Blue Star

 

11TR

 

 

Water Cooler

 

Blue Star

 

SDL x240

 

 

Reverse OsmosisPlant

 

Vivek Enterprises

 

50LPH

 

 

Jumbo Humidity Temperature Meter

 

Thomas Scientific

 

6066N53

 

 

Air Curtain

 

Excel Eng.

 

HV-4

 

 

High pressure Dry Nitrogen Cylinder

 

Ellecses/ Canto

 

46 Lit.

 

 

Fume Hoods –4nos

 

Laminar Flow

 

Length- 5', 

 

-6'

 

`

 

Waterbath

 

Jeiotech

 

BN-05G

 

 

Freeze Drier

 

Christ GmBH

 

Alpha 1-2 LD

 

 

Skinfold Calipers

 

Cranlea

 

HSK B-1

 

 

Compressor-Vacuum Pump

 

Dominant

 

E32280

 

 

Silent Crusher Homogenizer

 

Heidolph

 

Silent Crusher M

 

 

Turbovap Concentrator

 

Zymark

 

TV-II

 

 

Vortex mixer

 

Axygen

 

S0100

 

 

Animal Feed Pellet Mill

 

R.K.Feeds

 

RK 205

 

 

Cyclone Sample Mill

 

UDY Corporation

 

UDY 3010-19

 

 

Diesel Generator – 2 nos

 

Kirloskar

 

310KVA

 

 

Ion meter with electrodes

 

Orion

 

3Star

 

 

Chromatographic Equipment for 
Monitoring

 

GE Amersham

 

AKTA PRIME PLUS

 

 

Bio FPLC System

 

GE Amersham

 

AKTA PURIFIER 100

 

 

Binocular Microscope

 

NIKON

 

E-200

 

 

2D-Gel Electrophoresis System

 

BIO-RAD

 

Protein IEF System

 

 

Water Purification System

 

VIVENDI

 

ELGA OPTION E-10

 

19

20

21

22

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43
44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60
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II. MAINTENANCE OF EXISTING 
EQUIPMENT

Details of complaints registered and attended are 
given below:

1. Review meeting of NNMB-MND – Committee 
Hall

2. One day Meeting on Capacity Building 
Project

3. Seminar on Advances in Instrumentation

4. DST-IWSA meeting

5. TRendys in 2006 meet

6. Annual meet of Dr.C.Sita Devi & Dr.C.Raja 
Ram Mohan Reddy Endowment awards

7. One day State level workshop on Nutrition 
Literacy by Food and Nutrition Board

8. SAC Meetings

9. Workshop on “Safety Assessment of 
Genetically Modified (GM) Foods” with ICMR 
and  AGBIOS

10.Annual Day Celebrations

11.National Science Day Celebrations

12. International Women's Day Celebrations

13.Training Programme in PCT Techniques for 
Officers of CCRAS

14.One day Brain Storming Session on Fortified 
Foods

15. IDA, AP Chapter

Audio-visual  arrangements for  
important meetings

Equipment procurement for the year 
2006-07

TRAINING

Instrumentation Staff were involved in the 
preparation of technical specifications and 
recommendations of more than 55 Instruments 
approved by SAC.
Dr. M. Raghunath HOD, instrumentation and Mr. 
B.V. Prasanna Kumar, Technical Officer presented 
the Recommendations at the Equipment 
Committee meeting held at ICMR Hqrs in the 
month of March 2007 and the Committee  
approved the entire list.

Mr. K. Sreenivasa Rao

· Attended a seminar on FI-NRI Spectroscopy 
conducted by M/s Niulab.

· Attended course on Documentation and 
Implementation of ISO/IEC 17025 for Test & 
Calibration Laboratories conducted by M/s 
CETE.

· In plant Training was imparted to four 
candidates in the  training course on 
“TECHNIQUES FOR ASSESSMENT OF 
NUTRITIONAL ANAEMIA”.

Mr. Satish Babu

· One day Seminar on Chemstation software 
for HPLC systems conducted by M/s Agilent 
Technologies at Hyderabad.

·One day Seminar on UPS Systems conducted 
by M/S Power-one systems, HYD.

·In plant Training was imparted to four 
candidates  in training course on 
“TECHNIQUES FOR ASSESSMENT OF 
NUTRITIONAL ANAEMIA”.

·Three days Training Course on Emerging 
Technologies in testing Electronic PCB 
Assemblies at CETE, Hyderabad.

·Servicing and repairing of three UV/VIS 
Spectrophotometer at N.G.Ranga AG 
University, Rajendranagar, Hyderabad.

·Three days Training Course on Emerging 
Technologies in testing Electronic PCB 
Assemblies at CETE, Hyderabad.

Training attended by staff

Name of the 
Divisions

 
Complaints 
Received

 Completed
 

Pending
 

Electronics

 

209

 

202

 

7

 

Electromechanical

 

148

 

140

 

8

 

Refrigeration &

 

Air-conditioning

 

262

 

260

 

2

 

Electrical 
Workshop

 

1122

 

1070

 

52

 

Total

 

1741

 

1672

 

69

 



Library continued to cater to the documen-
tation and information needs of the Institute and 
other Research Organizations, Home Science 
and Medical Colleges.  The library has played a 
key role in reference activities by offering 
information dissemination services like MEDLINE 
Searches, Proquest Medical Library  Full Text 
Database of journals and other online retrieval 
activities using the LAN Network of the Institute. 
Library continued to participate in exchange of 
data, journals and information using the URL 
<http://Groups.yahoo.com/group/ ICMR 
Librarians>.

The Library has continued to provide an 
excellent Photostat support to the Scientists, 
technical as well as to the administrative staff.  
Resource Sharing and User Education 
Programmes etc are continuously being 
undertaken by the Library.  Institute's Scientific 
papers  going in for publication in Scientific 
Journals etc., are being routed through the 
Library and a data-base of the published papers 
is also made accessible through on-line services 
using NIN Website (www.ninindia.org).

British Library Institutional membership is 
renewed for 2006 and Corporate Membership 
for “Universities Federation for Animal Welfare, 
UK” for the year 2006 has also been taken out 
during the year under report.

The following work has been taken up and 
the equipment is procured for strengthening the 
services of dissemination of information to the 
scientists.

a) Created the database of Books, Reports and 
Scientific Articles using ISIS and TLSS Software.

b) ICMR has renewed the subscription to 
Proquest Medical Library Full Text Database of the 
journals.  During the period total of  5118  
Proquest ML Full Text Database Searches were 
made.

MODERNISATION OF LIBRARY AND 
INFORMATION NETWORK 

c) Subscription of JCCC@ICMR and J-Gate 
has been renewed by Indian Council of Medical 
Research through M/s. Informatics India Pvt. Ltd., 
Bangalore, JCCC@ICMR  covers more than 789 
journals received collectively at 24 Institutions/ 
Centres Consortia of ICMR Libraries.  And J-Gate 
is an electronic gateway to global e-journals 
literature. It presently has massive database of 
journal literature indexed from more than 10,000  
e-journals with links to full text at publisher sites 
and provides free access to full-text of 1700+ 
journals with e-author e-mail address and also 
one can find the availability of the journal in a 
local library.

d) The following equipment / software is 
procured for the library

I) Total Library Solution Software – Library 
    Automation Software

ii) EX-BOOT Backup Box

Barcode Scanner

HP PROLIANT ML150 SERVER

2 HP P4 Personnel Computers (HP)

HP Laserjet 1020 Printer

Avanti Pouch Laminators

1. Cancer Letters
2. Cereal  Food World
3. Clinical  Nutrition 
4. Current Opinions Clinical  Nutrition  

Metabolism 
5. Food Microbiology
6. Food Safety Magazine
7. Int  J Food Microbiology 
8. J Allergy & Clinical  Immunology 
9. J Food Safety
10.J Food Science
11.J Health Communications
12.J Medicinal Food
13.J School Health
14.Obesity Research
15.Reproduction Nutrition  Development 

NEW JOURNALS ADDED

FOREIGN JOURNALS 

LIBRARY & DOCUMENTATION SERVICESLIBRARY & DOCUMENTATION SERVICES
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16.Spectrum
17.Topics in Clinical  Nutrition 

      1.   ADR Quarterly
      2.   CIMS Quarterly

3. Contribution to Indian Sociology
4. Drug Today Quarterly 
5. Indian J Genetics Studies
6. Studies of Tribes & Tribals

The following library services were expanded 
as detailed below:

Books1175
Reports  431
Journals (New Subs.) 
Thesis / Dissertations     
CDROMS (MEDLINE)

Journals Bound …. 420 
Visitors using the Library   …. 3241
Circulation of Books/Journals etc   …. 1347 
MEDLINE Abstracts provided …. 3600
No. of E-mails sent outside  ….  954

INDIAN JOURNALS 

1. NEW ADDITIONS 

2. OTHER ACTIVITIES

No. of E-mails received …. 2261
Photocopying (No.of pages)    …. 3,40,748
Number of Annual Reports mailed  ….   575
No. of Books/Journals received ….  25  
No. of Duplicate Journals sent out …. 300 
No. of INTERNET Searches
provided …. 130 
No. of Reprints sent …. 400
Proquest Full Text Database 

searches provided ….   41  

Books …16,696  
Journals (Bound Volumes) …28,003
Journals subscribed for 2006.    ….    285     
Journals received (Gratis/Exchange)….    315
Microforms (Microfiche)  ….  1080
Slides  ….    280
Reports ….11,521   
Theses & Dissertations ….    349
MEDLINE CDROMS Discs ….    264

Current Contents on Disckettes with 
abstracts …. 664
Proquest (Full Text E-Journals) 
on CD ROMS …. 460

3. TOTAL LIBRARY COLLECTIONS
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Ph.D AWARDEES  

Research Scholars Registered for Ph.D 

Ph.D PROGRAMMES

 

Ph.D PROGRAMMES

 

RESEARCH SCHOLAR /
STAFF

 

TITLE OF THESIS

 

GUIDE

 

1. Rita Saxena  

(2000)
 

Role of food processing on antioxidant             
activity and development of recipes 
with high antioxidant activity

 Dr.M.Raghunath
 

2. Krishna Kumari Menon

 

(2001)

 

Positive Deviance in child nutrition

 

Dr.Vijayaraghavan K

 

3. Aruna B.

 

(2002)

 

Biophysical characetrisation of resistin

 

Dr. Nasreen Z. 
Ehtesham

 

4.  Haseeb A

 

(2002)

 

Understanding the mechanism of 
action of PPAR as a link molecule 
between obesity, Type 2 diabetes and 
CHDs

 

Dr. Nasreen Z. 
Ehtesham

 

5. Kiran Kumar B.

 

(2002)

 

Genetic typing of WNIN/Ob and 
WNIN/ GR -Ob strains using 
microsatellite markers

 

Dr.Giridharan N.V

 

7. Anil Kumar

 

(2002)

 

Molecular chaprone function of alpha 
crystallin under hyperglycemic 
condition: modulation by dietary 
factors

 

Dr.Bhanuprakash 
Reddy G.

 

8.  Megha Saraswat

 

(2003)

 

Screening of aldose reductase 
inhibitors and antiglycating 
agents from dietary sources and 
assessing their anticataractogenic 
potential

 

Dr.Bhanuprakash 
Reddy G.
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RESEARCH 
SCHOLAR / STAFF

 

YEAR

 

UNIVERSITY

 

TITLE OF THESIS

 

1. Saravanan N

 

2006

 

Osmania

 

Effects of  dietary alteration on n -6 and 
n-3 polyunsaturated fatty acids on 
insulin resistance, structure and 
function of adipocytes

 

2.  Venu L.

 

2006

 

Osmania

 

Foetal metabolic programming for 
insulin resistance syndrome: Role of 
maternal micronutrient restriction
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9.  Mrudula. T

 

(2003)

 

Characterisation and significance of a 
novel

 

fatty acid elongase of the eye 
lens

 

 

Dr.Bhanuprakash 
Reddy G.

 

10. Prashant A.
 (2003)

 

Role of scavenger receptor class B1 
(SR-B1) in reticulocyte differentiation, 
absorption of fat and fat soluble 
vitamins and female infertility using 
WNIN/Ob rat model 

Dr.Vajreshwari A.
 

11. Kishore Y.D.  

(2004)
 

Role of maternal trace elements in the 
development of insulin resistance in 
adult life

 Dr.Raghunath M.
 

12. Md.Naseeruddin

 

(2004)

 Understanding the role of resistin in 
inflammatory process leading to Type 2 
diabetes

 

Dr.Sudeep Ghosh

 

13. Padmavathi I.J.N.

 

(2004)

 

Role of maternal chromium status in 
the development of insulin resistance in 
the offspring

 

Dr.Raghunath M.

 

14. Satyanarayana B.

 

(2004)

 

Biological significance of phytoferritins

 

Dr.Madhavan Nair K.

 

15. Sreenivasulu K.

 

(2004)

 

Caco-2 cell as a model to study 
bioavailability, mechanism of 
absorption and cytoprotective effects of 
zinc

 

Dr.Madhavan Nair K.

 

16. Vasuprada I.

 

(2005)

 

Bio-response of a model Caco-2 cell 
system of iron and zinc

 

Dr.Madhavan Nair K.

 

17. Shashikiran G

 

(2005)

 

In vitro  regeneration of the insulin 
secreting cells from the adult 
pancreatic ductal epithelial cells 
(progenirors/stem cells) - The role of 
specific nutrients

 

Dr.Vijayalakshmi V.

 

18. Sheril Alex

 

(2005)

 

PUFA-rich oil diet supplementation on 
body weight regulation of obese rat 
model of WNIN/GR-Ob strain: A              
nutrient-gene interaction study

 

Dr.Vajreshwari A.

 

19. Rajkumar

 

(2005)

 

Charecterization and dif ferentiation of 
pancreatic progenitor/stem cells 
(Nestin positive cells) to insulin 
secreting cells -The role of specific 
micronutrients

 

Dr.Vijayalakshmi V.

 

 

RESEARCH SCHOLAR /
STAFF

TITLE OF THESIS GUIDE
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20. Manisha Ganeshan

(2005)

 

Foetal origins of adiposity and insulin 
resistance: Role of peri/postnatal 
manganese status

 

Dr.Raghunath M.

 

21. Vara Prasad SSS

(2005)
 

Role of 11 -HSD1 in pathogenesis of                     
obesity and insulin resistance in 
WNIN/GR-Ob & WNIN/Ob rat strains

 

 

Dr.Vajreshwari A.
 

22. Sainath P.B  

(2005)  

Insulin, insulin receptor and its 
signaling  mechanism(s) in the brain 
and insulin sensitive target organs in 
the WNIN/ob and WNIN/GR-ob rats

 

Dr.Raghunath M. 

23. Pratibha B.
 

(2005)

 Immune status of WNIN mutant
 

rats 
with reference to leptin and obesity

 
Dr.Giridharan N.V.

 

24. Gitanjali

 

(2005)

 Dietary diversification of Indian 
vegetarian diet to improve iron 
bioavailability: Studies using Caco -2 
cell model

 

Dr.Madhavan Nair K.

 

25. Sreevani M.

 

(2005)

 

Understanding & dissecting the role       

of resistin in etiology of insulin 
resistance using obese rat model

 

Dr. Nasreen Z. 
Ehtesham

 

26. Yadagiri Reddy P.

(2006)

 

Biochemical studies on obesity induced 
cataractogenesis using WNIN obese 
rat model

 

Dr.Bhanuprakash 
Reddy G.

 

27.  Naga Bala Shankara

Srinivas P. (2006)

Studies on the significance of 

           

crystallin heteropolymer in the eye 
lens

 

Dr.Bhanuprakash 
Reddy G.

 

28.  Md.Naseruddin

(2006)

 

Understanding the role of 
micronutrients in pathogenesis of 
Mycobacterium Tuberculosis

 

Dr. Nasreen Z. 
Ehtesham

 

29.  Anand Kumar K.

(2006)

 

Maternal vitamin B12 restriction 
induced changes in body adiposity, 
hyperglycemia and insulin resistance in 
WNIN rat offspring: Molecular basis of 
the changes

 

Dr.Raghunath M.

 

30.  Priyanka Shanker

(2006)

 

Study on high fluoride and low calcium 
on bone metabolism in rats: 
biochemical

 

mechanisms

 

Dr.Arjun L. Khandare

 

31. Y. Srinivasa Reddy

(2006)

 

Effect of environmental lead exposure 
on infection and immunity in 
undernutrition

 

Dr.Kalpagam Polasa

 

RESEARCH SCHOLAR /
STAFF

TITLE OF THESIS GUIDE



AWARDS/ HONOURS CONFERRED 
ON SCIENTISTS

AWARDS/ HONOURS CONFERRED 
ON SCIENTISTS

NAME OF THE SCIENTIST  AWARD/HONOUR 

Dr.Veena Shatrugna

 

Appointed as National Advisor (Nutrition) to the Commissioners 
to the Hon’ble Supreme Court (Writ 196/2001)

 

Dr.L.Singotamu

 

Rajiv Gandhi Medical Excellence Award” and Gold Medal for 
his outstanding contribution in the field of Electron Microscope 
Research, by the International Study Circle, New Delhi

 

Selected for the “DBT Overseas Associateship – 2007” for 
specialized training in Niche areas for a period of 3 months.

 

Prof.B.K.Bachhawat International Travel Grant for Young 
Scientists for the year 2007, by Christian medical College, 
Vellore.

 

Dr.G.Bhanuprakash Reddy

 
 

Elected as Fellow of the “National Academy of Sciences”, 
Allahabad, India.

 

Mr.Y.Srinivasa Reddy & 
Mr.L.Venu

 

Junior Young Scientist Award at the XXXVIII NSI Annual Meeting 
of the Nutrition Society of India, held at AIIH & PH, Kolkata.
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PARTICIPATION OF SCIENTISTS IN 
INTERNATIONAL MEETINGS/

WORKSHOPS/ CONFERENCES/ 
SEMINARS/ TRAINING

PARTICIPATION OF SCIENTISTS IN 
INTERNATIONAL MEETINGS/

WORKSHOPS/ CONFERENCES/ 
SEMINARS/ TRAINING

Date

 

SCIENTIST

 

CONFERENCE/MEETING/WORKSHOP/SEMINAR

 

                

2006

 

April 8 -12
 

Dr.S.Chennaiah
 

Thirteenth Workshop of Vitamin D, held at British 
Columbia, Canada. Presented a paper on “Incorporation 
of cestrum diurnum leaf improves intestinal Ca transport 
in broilers” 

April 25-27

 

Dr.L.Singotamu

 
SCANNING 2006 Meeting held at Washington D.C, 
USA. Presented a paper on “Scanning electron 
microscope studies on effect of copper and molybdenum 
on development of skeletal fluorosis in rabbits”

 

June 2-6

 

Dr.Bharathi Kulkarni

 

World Osteoporosis Congress at Toronto, Canada

 

June 5-6

 

Dr.G.N.V.Brahmam

 

Regional Workshop to introduce the new WHO Child 
Growth Standards, at Bangkok, Thailand

 

Aug. 15-18

 

Dr.A.Laxmaiah

 

2nd Africa Nut ritional Epidemiology Conference, held at 
Ghana, Western Africa

 

Sept. 28-29

 

Dr.V.Sudershan Rao

 

Food Safety Education Conference – Reaching at Risk 
Audiences and Today’s other Food Safety Challenges, at 
Denver, Colorado, USA. Presented a paper on 
“Perception of women on food safety – A case study in 
Hyderabad”

 

Sept. 28-30

 

Dr.N.Arlappa

 

I World Congress of Public Health and Nutrition, at 
Barcelona, Spain. Presented a paper on “Impact of 
chronic drought on vitamin A status of pre-school 

children-India”

 

Oct.30–Nov.3

 

Dr.K.V.Radhakrishna

 

28th Session of CCNFSDU Committee on Nutrition and 
Food for Special Dietary Use, at Chiangmai, Thailand

 

                   

2007

 

March 1

 

Dr.Shahnaz Vazir

 

“Lancet series on child development”, organized by 
ICDDR,B in collaboration with UNICEF, at Mohakhali, 
Dhaka.
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I.WORKSHOPS/ CONFERENCES/ SEMINARS

1. One day Review Workshop on “Capacity 
Building Project on Food Safety and Quality 
Control of Drugs”. Officials from Ministry of 
Health and Family welfare, Govt. of India, 
Directorate General of Health Services, State 
Health Secretaries, Drug Controllers, Food 
(Health) Authorities, Project Directors of State 
AIDS Control Societies and Officers from the 
World Bank participated in the meeting (June 
5, 2006).

2. Meeting of the Pre-SAC and Scientific Advisory 
Committee of NIN/FDTRC/NCLAS (Aug. 2-4, 
2006).

th3. 13 Annual Meeting of TRendys in Biochemistry 
- A National Forum to discuss with a difference 
Frontier Areas and Emerging Concepts in 
Biochemistry and Molecular Biology (Aug. 18 
– 19, 2006).  

4. A one day State-level Workshop on “Nutrition 
Literacy” in association with Food & Nutrition 
Board (Govt. of India) and Dept. of Women 
Development and Child Welfare (Govt. of A.P) 
was organized as part of the National 
Nutrition Week Celebrations (Sept. 4, 2006).

5. National Seminar on “Dissemination of the 
National Report on Household Survey under 
Capacity Building Project” (Oct.16, 2006).

th6. 46  Annual Conference of National Academy 
of Medical Sciences (Oct.27 – 29, 2006).

7. Comprehensive Seminar on Gas Chromato-
graphy, organized by Asian and Mid-East 
Institute of Chemists, Mumbai (Oct.30- 
Nov.1, 2006).

8. First National Conference on “Rational Use of 
Animals in Research”,organized by Laboratory 
Animals Scientists Association, Indian 
Pharmacological Society & NIN (Nov.1–2,06)

9. Second Asian Graduate Course on 
“Production and Use of Food Composition 
Data in Nutrition”, organized by National 
Institute of Nutrition and The International 
Nutrition Foundation, Boston, USA in 

cooperation with FAO, United National 
University, Nutrition Society of India and 
INFOODS (Nov.5 – 25, 2006).

10.Meeting of the NNMB Steering Committee 
(Dec. 18, 2006).

11.Symposium on “Agriculture Biotechnology – 
Food and Nutrition Security”, organized by 
NIN Scientists Association (NINSA) and All 
India Crop Biotechnology Association, New 
Delhi (Dec. 22, 2006).

1. DGHS sponsored Training Programme for 
Food Inspectors on Food Safety (Apr. 17 – 21, 
2006).

2. DGHS sponsored Training Programme for 
Consumer Organization Personnel on Food 
Safety (Apr.26 – 27, 2006).

3. The Clinical Division of the Institute organized 
a training programme for the Advisors of the 
Commissioners of the Supreme Court, New 
Delhi (July 10 – 14, 2006).

4. XXXV  Annual  Training  Course  on 
Endocrinological Techniques and their 
Applications. Seven candidates from different 
States of the country participated in the Course 
(Aug.21-Sept.29, 2006).

5. An ad-hoc orientation training programme on 
“Planning and Execution of Evaluation of 
Nutritional Programmes”, was conducted for 
four WHO participants from Nepal (Nov.27-
Dec. 1, 2006).

6. XXXXIV Post-Graduate Certificate Course in 
Nutrition. Eleven candidates from different 
States of the country participated in the Course 
along with two candidates sponsored by 
World Health Organisation (Jan. 3 - March 
16, 2007).

7. A Training Course on “Techniques for 
Assessment of Nutritional Anaemias” (March 
5 – 16, 2007).

8. Training Programme on “Techniques in Pre-
clinical Toxicology” for officers of CCRAS 
(March 5 – 9, 2007).

II. TRAINING PROGRAMMES 

WORKSHOPS/ CONFERENCES/ SEMINARS/ 
TRAINING PROGRAMMES HELD AT NIN

WORKSHOPS/ CONFERENCES/ SEMINARS/ 
TRAINING PROGRAMMES HELD AT NIN
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1. PATHOLOGY SERVICES

2. TESTING OF FORTIFIED SALT FOR IODINE 
AND IRON CONTENTS 

During the year, a total income of 
Rs.3,95,470/- was generated from various 
projects of institute's preclinical toxicology and 
surgical pathology and cytology samples.

Seventy four salt samples were analysed for 
iodine and iron levels in the Regional Iodine 

Monitoring Laboratory and an amount of Rs. 
14,200/- was generated. 

By admitting 11 unsponsored private 
candidates to the three regular training courses 
and  four  WHO  sponsored  participants  for  
ad-hoc training programme, an amount of 
Rs.1,35,000/- was generated.

3. TRAINING PROGRAMMES 

SERVICES RENDERED TOWARDS 
INCOME GENERATION

SERVICES RENDERED TOWARDS 
INCOME GENERATION
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SCIENTIFIC PUBLICATIONSSCIENTIFIC PUBLICATIONS

A.PAPERS PUBLISHED IN SCIENTIFIC 
JOURNALS

1. Bharati Kulkarni, Veena Shatrugna, 
Balakrishna N : Maternal lean body mass 
may  be the major determinant of birth 
weight: a study from India. Eur J Clin Nutr.  
60(11) : 1341-1344, 2006.

2. Bhanuprakash Reddy G, Anil Kumar P, Satish 
Kumar M : Chaperone-like activity and 
hydrophobicity of  a-crystallin.  IUBMB Life. 
58 (11) : 632-641, 2006.

3. Gal Reddy Ch, Arlappa N, Hari Kumar R, 
Sharad Kumar, Brahmam GNV, Balakrishna 
N, Vijayaraghavan K : Diet and nutritional 
status of rural preschool  children in the state 
of  Orissa.  J Hum Ecol. 19 : 205-214, 2006.

4 Grace Maria Antony, Visweswara Rao K : 
Variations in dietary pattern and nutritional 
status : A case study by levels of poverty in 
Kerala.  Indian J Soc Dev. 6 : 53-65, 2006.

5. Hemalatha R, Kodandhapani Y, Balakrishna 
N : Vitamin A and Th 1 response in  children 
with acute respiratory infections.  J Biol 
Sciences. 6 : 881-886, 2006.

6. Jeyakumar SM, Vajreswari A, Giridharan NV 
: Chronic dietary Vitamin A supplementation 
regulates obesity in an obese mutant 
WNIN/Ob rat model Obesity 14(1) : 
52-59, 2006. 

7. Jeyakumar SM, Vajreshwari A, Sesikeran B, 
Giridharan NV : Vitamin A supplementation 
induces  adipose tissue loss through 
apoptosis in lean  but not in obese rats of the 
WNIN/Ob strain. J Mol Endocrinol. 35 : 
391-398, 2006.

8. Kalpagam Polasa, Annapurna VV, Prasanna 
Krishna T and K.Krishnaswamy : Inhibitory 
effect of unprocessed / processed alliums 
under in vitro / in vivo conditions on 
carcinogen induced mutagenesis using 
different assays.  Int. J Cancer Res. 2 (3):199-
211,2006.

9. Khandare AL, Shanker Rao G : Uptake of 
fluoride, aluminum and molybdenum by  
some vegetables from irrigation water. J Hum 
Ecol. 19(4): 283-288, 2006.

10.Krishnakumari Menon, Venkaiah K, 
Vijayaraghavan K, Rameshwar Sarma KV: 
Growth faltering in young children in a rural 
population in Telangana region of Andhra 
Pradesh.  Ind J Nutr Dietet.  43 : 192-196, 
2006.

11.Mallikharjuna Rao K, Hari Kumar R, Venkaiah 
K, Brahmam GNV : Nutritional  status of 
Saharia –A Primitive tribe of Rajasthan. J Hum 
Ecol. 19 : 117 – 123, 2006.

12. Mallikharjuna Rao K, Balakrishna N, 
Laxmaiah A, Venkaiah K, Brahmam GNV : 
Diet and  nutritional status of adolescent 
tribal population in nine state of India.  Asia 
Pac J Clin Nutr. 15(1): 64-71, 2006.

13. Mandal M.N, Vasireddy V, Jablonski M.M, 
Wang X, Heckenlively J.R, Hughes B.A, Reddy 
G.B, Ayyagari R : Spatial and temporal 
expression of MFRP and its interaction with 
CTRP5.  Invest Ophthalmol Vis Sci. 47 : 5514 
– 5521, 2006.

14. Mandal M.N, Vasireddy V, Reddy G.B, Wang 
X, Moroi S.E, Pattnaik B.R, Hghes B.A, 
Heckenlively J.R, Hitchcock P.F, Jablonski 
M.M, Ayyagari R : CTRP5 Is a membrane-
associated and secretory protein in the RPE 
and ciliary body and the S163R mutation of 
CTRP5 impairs its secretion. Invest 
Ophthalmol Vis Sci. 47 : 5505- 5513, 
2006.

15. Raju T.N, Kumar C.S, Kanth V.R, Ramana B.V, 
Reddy P.U, Suryanarayana P, Reddy G.B :  
Cumulative antioxidant defense against 
oxidative challenge in galactose-induced 
cataractogenesis in wistar rats.  Indian J Exp 
Biol. 44 : 733-739, 2006.

16. Rameshwar Sarma KV, Udaykumar P, 
Balakrishna N, Vijayaraghavan K, Sivakumar 
B : Effect of micronutrient supplementation on 
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health and nutritional status of school 
children growth and  morbidity.  Nutrition. 22 
(1) Suppl.: S8-S14, 2006.

17. Ramulu P, Udayasekhararao P:Total insoluble 
and soluble dietary fiber contents of  roots, 
tubers, vegetables, oilseeds, spices and 
condiments. J Food Sci Techol.  43(4): 399-
403,2006.

18. Ranganathan S, Karmarkar MG : Estimation 
of iodine in salt fortified with iodine & iron.  
Ind J Med Res. 123 : 531-540, 2006.

19. Saraswat M, Mrudula T, Kumar P.U, Suneetha 
A, Rao T.S, Srinivasulu M, Reddy B : 
Overexpression of aldose reductase in 
human cancer tissues. Med Sci Monit. 12 : 
CR525-529, 2006.

20. Sesikeran B :  Micronutrients and cancer.  
Ind.J.Nutr.Dietet. 43:259-261,2006.

21. Sesikeran B, Shahnaz Vazir : Nutrition and the 
millennium development goals. Proc. A.P. 
Akademi of Sciences, Hyderabad. 10 : 185 – 
191, 2006.

22. S h a h n a z  Va z i r,  B a l a k r i s h n a  N,  
Vijayapushpam T, Vijayaraghavan K, 
Sivakumar B : Effect of micronutrient 
supplement on health and nutritional status of  
schoolchildren: mental function.   Nutrition. 
22 (1) Suppl.: S26-S32, 2006.

23. Shiva Prakash M, Chennaiah S, Murthy YSR, 
Anjaiah E, Ananda Rao S, Suresh C : Altered 
adenosine deaminase activity in type2 
diabetes mellitus.  J Indian Acad   of Clin 
Med. 7 (2) : 114-117, 2006.

24. Singotam L , Khandare AL , Chary 
Madhusudhana : Scanning electron 
microscope  studies on the effect of copper 
molybdenum on the development of skeletal 
fluorosis  in rabbits.  Scanning. 28 : 126-
127, 2006.

25. Singotamu L, Hemalatha R, Madhusudhana 
Chary P, Seshacharyulu M : Cytokines and 
micronutrients in plasmodium vivax infection.  
J Med Sci.  6 : 962-967,  2006 .

26. Sivakumar B, Madhavan Nair K, Sreeramulu 
D, Suryanarayana P, Ravinder P, Veena 
Shatrugna, Ajey Kumar P, Raghunath M, Vikas 

Rao V, Balakrishna N, Uday Kumar P, 
Raghuramulu N : Effect of micronutrient 
supplement on health and  nutritional status 
of schoolchildren: Biochemical status.   
Nutrition. 22 (1) Suppl. S15-S25, 2006.

27. Sivakumar B, Vijayaraghavan K, Shahnaz 
Vazir, Balakrishna N, Veena Shatrugna,  
Sarma KVR, Madhavan Nair K, Raghuramulu 
N, Kamala Krishnaswamy : Effect of 
micronutrient supplement on health and 
nutritional status of schoolchildren: Study  
design :  Nutrition. 22 (1) Suppl.: S1-S7, 
2006.

28. Subba Rao GM, Raghunatha Rao D, 
Venkaiah K, Dube Anil K, Rameshwar Sarma  
KV :  Evaluation of the Food and Agriculture 
Organizations global school-based nutrition 
education initiative, feeding minds fighting 
hunger (FMFH), in schools of Hyderabad.  
Publ. Hlth..Nutr. 9(8):991-995, 2006.

29. Suresh C, Dennis A.O, Heinz J, Vemuri M.C, 
Chetty C.S : Melatonin protection against 
lead-induced changes in human neuro-
blastoma cell cultures. Int J Toxicol. 25 : 459-
464, 2006. 

30. Surolia Ira, Reddy G.B, Sinha S : Hierarchy 
and the mechanism of fibril formation in 
ADan peptides.  J Neurochem. 99 : 537-
548, 2006.

31. Uday Kumar P, Bhat Ramesh V, Shetty Pratap K 
: Do poultry also develop oesophageal 
tumours in high incidence areas of human 
oesophageal carcinoma ? Ind J Nutr. Dietet. 
43 : 16-21, 2006.

32. Uday Kumar P, Dinesh Kumar B, Annapurna 
V.V, Prasanna Krishna T, Kalyanasundaram S, 
Suresh P, Harishankar N, Jagadeesan V, 
Hariharan S, Nadamuni Naidu A, Kamala 
Krishnaswamy, Rangarajan PN, Srinivasan 
VA, Reddy G.S, Sesikeran B : Nonclinical 
toxicology study of  recombinant-plasmid 
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