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Interest in genetically modified (GM) crops is continuously 
increasing due to the possibility of higher agronomic productivity 

1-2and more nutritious food without the use of pesticides . Bt cotton is 
a genetically engineered form of natural cotton. is transgenic 
cotton, engineered to continuously express δ-endotoxin, encoded by 

3'Cry' genes from the soil bacterium, Bacillus thuringiensis Berliner , is 
4-7more successful in controlling the bollworms . e safety issues of 

GM food are crucial for their acceptance into the market. Although 
several studies have been conducted to evaluate the safety of GM 
crops, there is still a debate on the risk of GM consumption and a 

8-9demand for additional evidence of GM food safety . Many trials with 
animals fed different GM foods such as maize, potatoes, rice, 
soybeans, and tomatoes have been conducted, and parameters such 
as body weight, food consumption, organ weight, blood chemistry, 
and histopathology have been measured. e majority of these 

10-12experiments did not indicate abnormalities in such parameters . 
Several detrimental effects of GM- crops have been reported on the 
metabolism of animals. Some minimal histopathological changes 
occurred in liver and kidney of the rats fed with GM corn through 

13three generations . Decreases in weight of kidney, tubular changes 
and inflammation in male rats fed with 33% MON 863 Bt corn in a 90-

14day study have also been reported . However animal feeding studies 
may provide additional and useful information to complement safety 
and nutritional value assessments of whole GM feed and food 

15especially when unintended effects are suspected . e present 
study was aimed to evaluate the effects of Bt cotton seeds through 
feed on mortality,  body mass,  organ weight,  to obser ve 
histomorphological and biochemical alterations in female albino 
rats. Data generated after these studies will elucidate possible 
landmark in the safety assessment of GM food.

Materials and methods
Animals and housing-e study was conducted on albino rats 
weighing 100-110 gms obtained from Guru Angad Dev Veterinary 
and Animal Sciences University (GADVASU), Ludhiana. e rats 
were maintained in laboratory under standard conditions of 
temperature (25±2°C) providing them laboratory pelleted feed and 
water ad libitum. e rats were acclimatized to new quarters for one 
week before starting the treatment. e experimental protocol met 
the National guidelines on the proper care and use of animals in the 
laboratory research. is experimental protocol was approved by the 
Institutional Animal Ethics Committee (IAEC).

Experimental diets- Bt and Non-Bt were procured from Plant 
Breeding and Genetics Department of PAU. Rats were divided into 
three groups.  Rat in first group I was considered as control and fed 
only with standard diet, i.e. wheat:grams (50:50 w/w); rats those were 
in group II were considered as  Non- Bt group fed with diet containing 

wheat: gram :Non-Bt cotton seeds (50:30:20 w/w) and the rats in 
group III considered as Bt group was fed with diet containing 20% 
transgenic Bt cotton seeds, i.e wheat: gram :Bt cotton seeds (50:30:20 
w/w). e rats were fed according to their group by soaking the diet 
overnight.

Analysis of Diet composition- Supplemented diets given to rats i.e. 
Control, Non-Bt cotton seeds and Bt cotton seeds were analyzed by 
Department of Animal nutrition, Guru Angad Dev University and 
Animal Sciences University (GADVASU), Ludhiana. Composition list 
of experimental diets were given at Table 1.

Experimental design and treatment- Eighteen female albino rats (6 
rats/each group) were mated with 9 male rats (one male for two 
female rats) overnight. Pregnant rats were fed during gestation and 
lactation period with either the diet containing 20% Bt cotton seeds 
or 20% Non Bt- cotton seeds or standard rat diet depending on their 
groups. 

Processing of tissues for histopathology- e female rats at the end of 
lactation i.e. after one month of parturition were weighed and 
sacrificed. eir vital organs (liver, heart, spleen, stomach and lungs), 
endocrine glands (adrenal, thyroid and parathyroid) and 
reproductive organs (ovary, oviduct, uterus and vagina) were excised 
and relative organ weights were calculated. e tissues of liver and 
kidney were immediately fixed in Bouin's fixative. After complete 
fixation, the tissue was dehydrated in graded series of ethanol, 
cleared in xylene and embedded in paraffin wax (Melting point 
between 58-60°C). e 7µm thick sections were cut serially with the 
help of microtome and after usual de-waxing and rehydration in 
descending series of ethanol to water, the sections were stained in 
heamatoxylin, counterstained with eosin, dehydrated in ascending 
ethanol series, cleared in xylene and mounted in DPX. All tissue 
sections were observed and were photographed.

Biochemical analysis- Plasma was separated from blood samples 
taken from the heart of female rats, after centrifugation at 3000 rpm 
for 15 min. Plasma samples were analyzed for determination of the 
amounts of total proteins, albumin, globulin and creatinine.

Statistical Analysis- All statistical comparisons for body weight, 
organ weight and biochemical analysis were presented as the mean ± 
standard error of mean (S.E.M). Comparisons were made between 
control, Non-Bt and Bt groups on computer using “Analysis of 
Variance (ANOVA)” as a Statgraphics statistical package. A “P” value 
of 0.05 was selected as a criterion for statistically significant 
differences.
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Bt cotton, a genetically engineered form of natural cotton, has broad spectrum use in agriculture due to its higher 
agronomic productivity and increased pest resistance. But still there is debate on GM crops with respect to health 

and other bio-safety issues. e objective of this study was to investigate the Bt and Non-Bt induced changes in vital organs of female albino 
rats. e female rats of the experimental groups were fed with either the diet containing 20% Bt-cotton seeds or 20% Non-Bt cotton seeds or 
standard rat diet depending on their groups during the periods of gestation and lactation. After weaning the parental female rats were 
sacrificed and vital organs and glands excised and weighed. Significant increase in relative weight of stomach was observed in Bt and Non-Bt 
cotton seed fed rats as compared to control rats. Significant increase in plasma total proteins, albumin and creatinine level was recorded in Bt-
cotton seed fed rats. Histopathological changes such as slight enlargement of sinusoids and degeneration in hepatic cords was observed in 
liver of Bt treated rats. erefore, the results suggested that in a short term feeding of rats fed with GM cotton showed some effects in female 
rats fed during pregnancy and gestation.
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Results and Discussion
Clinical observations, body and relative organ weights- No 
toxicological signs were observed in all the three groups during the 
experimentation period. e relative weights of organs of female rats 
in Group III showed decreased values of relative weight of heart, 
spleen and lungs whereas the relative weight of liver, stomach, 
adrenal, thyroid, parathyroid, ovary, uterus and vagina was observed 
to be higher as compared to control group. A statistically significant 
increase was determined in the relative of stomach in female rats of 
Group III. In Group II female rats the increase in relative weight of 
stomach, lungs, thyroid, ovary and vagina while relative weight of 
liver, heart, spleen was observed to be decreased as compared to 
control group rats (Table 2).

No differences were observed in body weights and weights of kidney 
and liver in a 90-day feeding study with Bt (Cry1Ab protein) corn in 

16rats . Results of a 13 week feeding study in rats with 11% or 33% 
Roundup Ready corn containing diets showed few increases in 

17weight gain of males  and no statistically significant differences 
were found in body or organ weights in a 90-day feeding study in rats 

10with 11% or 33% MON 810 corn containing diets . Similar body 
weights and increase in relative weight of small intestine and adrenal 
were found in another 90-day safety study with Galanthus nivalis 

18expressing GM rice in rats .

Biochemical analysis
Results of biochemical analysis for female rats are presented in Table 
3. Statistically significant increase in values of total proteins, albumin 
was recorded Group II and Group III female rats as compared to 
control group. Creatinine amount was observed to be higher in 
cottonseeds fed rats and it was statistically significant in Bt group 
rats. ere was non-significant increase in the amount of creatinine 
in Group II females rats was recorded. No statistically significant 
differences were noted for globulin in plasma samples of female rats. 

Lambs fed non Bt cotton seeds diet had higher serum protein, 
creatinine content as compared to control group and Bt diets 
whereas the albumin content was significantly high in Bt diet fed 

19lambs as compared to control and Non-Bt diet fed lambs . e mean 
globulin content was high in Non-Bt diet fed lambs, while control and 
Bt cotton seeds-diet fed lambs had similar globulin levels for 123 

19days . Female rats fed with diet containing GM and non GM 
soybeans for 14 weeks had increased in the level of plasma proteins 

20compared to control group . Significant increase in the amount of 
12globulin and total proteins in GM corn fed rats . Creatinine levels of 

female serum samples in Non-GM group significantly increased from 
control and GM corn fed rats, thus relating the cause directly with 

12individual sex and diets . Ingestion of 40% of GM quail meat meal 
induced liver and kidney toxicity indicated by increased serum 
creatinine. Meanwhile, 20% GM quail elevate only serum creatinine 
21. 

Histopathology
Liver-Light microscopic observation of the liver sections of the 
control group showed a normal histological architecture of liver with 
clearly outlined figs of anastomosing hepatocytes along with 
adjacent sinusoids radiating from the central veins towards the 
periphery of the liver lobules. Normal outlines of the central vein (CV) 
can be clearly visualized (Fig 1A). While slight loosening in 
arrangement of hepatic cords around central vein  and  minimal 
granular degradation was recorded  in Non-Bt fed female rats (Fig 
1B). e liver of Bt fed cotton seeds of females rats had large 
vacuolization or empty spaces and showed infiltration of large mass 
of lecocytes inflammatory cells in CV and sinusoids (Fig 1C).

e changes in the liver, as a site responsible for biotransformation 
and detoxification, suggest alterations in the metabolic processes. 
Markedly severity level of granular degeneration was seen in Bt diet 
containing groups in our study but not in control and reference 
groups. Hepatocyte nuclear size change related to both age and food 
22. erefore diets containing Bt may cause excess fatty supply for 

animals. But, we also observed granular degeneration at lower levels 
in rats of control and Non-Bt groups not showing health problems.  
Additionally, nuclear border changes found statistically significant 
in female rats in Group III. rregular shaped hepatocyte nuclei and I
increase in number of nuclear pore at electron microscopy in 

23offspring's of GM soybean fed pregnant mice was observed . irty-
five-day feeding study with GM corn in porcine showed the presence 
of transgene Cry1A(b) in tissues of liver, kidney and in blood but not 

24in muscle . A higher number of nuclear pore, in the hepatocytes of 
GM fed mice suggested intense molecular trafficking in the liver 
tissue. Hepatocytes of GM fed mice showed mitrochondrial and 

25nuclear modification indicative of reduced metabolic rates . Control 
and Non-Bt cotton seeds fed lambs had mild fatty infiltration in liver 

19and such lesions were not seen in Bt cotton seeds fed lambs .

Kidney- Kidney sections of control rats showed normal histological 
structures of the glomruli, and renal  tubules in the cortical and 
medullary portions (Fig.1 D). Enlargements in parietal layer of 
Bowman's capsule and minimal tubular degenerations were 
observed at different ratios in groups. Swelling in the lining 
epithelium of the renal tubules with narrow lumen and the presence 
of inflammatory cellular infiltration was observed in group II (Fig.1 
E) and III (Fig.1 F) while this granular degradation was sever in group 
III followed by shrunken of glomeruli in Group III.

In a short term safety assessment in rats fed with GM potato showed 
neither pathological nor histopathological finding in liver and 

26kidney . Another feeding study in rats with MON 863 Bt corn 
demonstrated inflammation in kidney and lesions in liver and 

27kidney . Decrease in weight of kidney, tubular changes and  
inflammation in male rats fed with 33% MON 863 Bt corn in a 90-day 

29study was observed . Study conducted on Roundup-tolerant 
genetically modified maize ( from 11% in the diet), cultivated with or 
without Roundup (R), and Roundup alone ( from 0.1 ppb in water), for 
2 years in rats reported that degenerating kidneys with turgid 
inflammatory areas demonstrate the increased incidence of marked 
and severe chronic progressive nephropathies, which were up to 2-

29fold higher in the 33% GM maize or lowest dose R treatment groups .

In conclusion, although the results obtained from this study showed 
minor histopathological and biochemical effects in rats fed with Bt 
cotton, consumption of transgenic Bt cotton did not cause severe 
health concerns on rats. erefore, feeding studies with GM crops 
should be performed on other species collaboration with new 
improving technologies in order to assure their safety.
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Table 1- Analysis of diet composition given to rats during 
multigenerational study
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Name 
of Feed

Nutrient (%)
Fresh 
/DM 
basis

Moist
ure/
Dry 

Matte
r

Crude 
Protei

n

Crude 
Fiber

Ether 
Extra

ct

Ash Acid 
Insol
uble 
Ash

Calci
um

Phos
phor

us

Control
Fresh 9.65 18.81 5.90 3.20 3.42 0.11 0.20 0.06

DM 
Basis

90.35 20.82 6.52 3.54 3.79 0.12 0.22 0.07

Non-Bt 
Cotton 
Seeds

Fresh 9.60 20.56 8.80 5.93 3.14 0.27 0.13 0.13
DM 

Basis
90.40 22.74 9.73 6.56 3.47 0.30 0.14 0.14

Bt 
Cotton 
seeds

Fresh 9.11 17.50 6.25 6.20 3.19 Nil 0.19 0.14
DM 

Basis
90.89 19.25 6.88 6.82 3.51 Nil 0.21 0.15



Table 2- Effect of Bt and Non Bt cotton seeds on relative organ 
weight (g/100g BW) of different organs in control, Non-Bt and Bt 
group rats

[Values are mean ± SE]

 *Significantly different from control group, p ≤ 0.05; Gr 1, control; Gr 
2, Non-Bt; Gr 3, Bt

Table 3- Effect of Bt and Non-Bt cottonseeds on concentrations 
of total proteins, albumin, globulin, creatinine in the plasma of 
male of control, Bt and Non-Bt fed rats.

[Values are mean ± SE]

*Significantly different from control group, p ≤ 0.05; Gr 1, control; Gr 
2, Non-Bt; Gr 3, Bt

Fig. 1 ― (a): Photomicrographs of liver (A–C) and kidney (D–F) 
tissues of rats stained with H&E. A and D are of control groups; B 
and E are of Non-Bt groups while C and F are of Bt cotton group. 

In liver, (B) minor granular degeneration (arrows) and (C) 
enlargement in central vein (arrow heads), focal mononuclear 
cell infiltration (arrows) are shown. In kidney, (E) enlargements 
in parietal layers of Bowman's capsule and (F) minimal tubular 
degeneration (arrows), shrunken glomeruli (arrow heads) 
(magnification: A,100X; B–F, 400X).
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