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Abstract 

Background: Carbaryl is a carbamate insecticide widely used to control pests in 

agriculture and farm. Carbaryl adversely affect the reproductive endocrine systems 

in animals. 

Objective: The aim of this study was to evaluate Carbaryl effects on the pituitary-

gonad axis in rats. 
Materials and Methods: In this experimental - analytical study, 60 adult male rats 

were divided into four equal groups: control, sham and experimental (1 and 2) 

groups that received 10 and 30 mg/kg Carbaryl via intraperitoneally injection. The 

sham group was subjected to intraperitoneally injection with olive oil while the 

control group did not receive any injection. Animals were sacrificed 35 days after 

the last treatment. Tissue sections were prepared from testes to investigate possible 

changes occurring in spermatogenic and Leydig cells. Blood samples were collected 

in which the levels of testosterone, luteinizing hormones (LH) and follicle 

stimulating hormone (FSH) were measured. 

Results: The results showed significant reduction in testes weight (p=0.042) and 

seminiferous diameters (p<0.001) within the experimental groups compared with 

control group. Also, the number of germ cells, spermatocyts, spermatids and Leydig 

cells on the testes of the experimental groups was significantly decreased (p<0.001). 

Accordingly, significant decline in the testosterone levels (p<0.001) and increase in 

LH and FSH levels were observed (p<0.05).  

Conclusion: These results demonstrated that Carbaryl has capacity to exert adverse 

effects on fertility. Therefore, have to be taken to account in applying Carbaryl for 

any studies and or commercial use. 
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Introduction 

 
cosystems, in particular water 
ecosystems, are constantly 
contaminated by toxic chemical 

compounds that originate from industrial, 
agricultural and domestic sources. Pesticides 
constitute one of the main sources of toxic 
chemical compounds (1, 2). Pesticides are 
used to kill agricultural pests and eradicate 
diseases and Carbaryl is considered one of 
the strongest pesticides available in 
agriculture (3).  

Carbaryl with its chemical name of 1-naftol-
N-methyl carbamate is a member of 
carbamates derived from carbamic acid. 
Carbaryl inhibits choline esterase (4, 5). The 
range of damages pesticides inflict on our 
body organs and tissues depends on contact 
procedures, dose of the pesticide, biological 
changes and accumulation of metabolites (6).  

Sub-lethal doses of Carbaryl leave behind 
various biochemical effects and damage 
different tissues and body organs specially the 
reproductive system (7). Carbaryl and its 
metabolites can adversely affect living 
organisms and long-term effects of Carbaryl 
results in a reduced rate of movements in 
fisheries. Carbaryl can, in the long term, 
reduce sperm movement and make changes 
in spermatogenesis (8, 9). Pant and co-
workers report that Carbaryl does not change 
testes weight, epididim and related sexual 
organs. But they observed histopathological 
changes in testes tissue (10).  

Examples of Carbaryl adverse effects are 
reduction in sperm number and sperm 
movement and increased rate of sperm 
malformations. Reduced rate of mating and 
reduced fetus size beside its increased 
mortality rate in rats exposed to Carbaryl have 
been detected (11, 12). Reduction in oocyte 
size and numbers, as well as oocyte 
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malformation at various stages and increased 
number of atritic follicles are other examples 
of Carbaryl-mediated toxicity on the ovary 
(13). Several studies have shown that 
Carbaryl causes genetic damages within live 
cells and so is considered a mutagen in vitro 
and in vivo (14).  

Carbaryl and other toxins can destroy the 
endocrine systems leading to reduced or 
increased levels of hormones. For example, 
estradiol, testosterone, and progesterone 
levels are reduced due to Carbaryl toxicity 
(15). Carbaryl inhibits DNA synthesis and 
reduces RNA levels, changes that ultimately 
result in reduced levels of protein expression 
and so limited growth (16). In the present 
study, we examined the impact of Carbaryl on 
rat testes. 

 

Materials and methods 
 
Animals 

Sixty 10-12 week-old male Wistar rats each 
weighing 150-200 gr were purchased from 
Pasteur Institute of Iran and equally divided to 
4 groups: experimental groups 1 and 2, 
control and sham. The animals were 
maintained in standard cages at 25±2oC under 
conditions of 12 hours light and 12 hours dark, 
with access to powdered diet and to deionized 
water. Work with these animals was carried 
out according to the regulations set by the 
ethical committee in the research deputy of 
Babol University of Medical Sciences. 
 
Chemicals 

Carbaryl, a commercial formulation (85% 
active ingredient), was obtained from Trading 
Company of China. Carbaryl was dissolved in 
olive oil and injected intraperitoneally in sub 
lethal doses. 

 
Carbaryl injection 

Rats within experimental groups 1 and 2 
received intraperitoneal (i.p.) injection, 
respectively, of 10 mg/kg and 30 mg/kg 
Carbaryl (17). The sham group was injected 
with olive oil but the control group was left 
without any injection. All animals were 
maintained under optimum conditions for 35 
days and sacrificed for sampling afterwards.  
 
Tissue sample preparation 

To examine testes tissue and Leydig cells, 
the testes were extracted and fixed in 10% 

formalin solution. The tissues were serial 
sectioned with 5 µ thickness and stained with 
hematoxylin and eosin (H&E). Then various 
cell types including Leydig cells were counted 
using the eyepiece graticule. The diameters of 
seminiferous tubules and testes were 
measured, respectively, using the eye-piece 
and micrometer. 
 
Measurement of hormone levels 

In order to measure the level of 
testosterone, LH and FSH, blood samples 
were collected from the animals and subjected 
to centrifugation at 3000 rpm for 15 min to 
separate their serum. Then hormonal levels 
were measured by radioimmunoassay kit 
(USCN. Co). 
 
Statistical analysis 

Data in the figures are represented as the 
mean±SEM of 3 or more separate 
experiments carried out in triplicate. We 
analyzed our data using SPSS version 16 and 
applied one-way ANOVA and t-test. P<0.05 
were considered statistically significant, and 
p<0.01 as highly significant. 
 

Results 
 
Changes in the reproductive tract 

This parameter was found to be reduced in 
experimental groups 1 and 2 compared to 
control and sham groups. This reduction was 
statistically significant. Sublethal dose of 
Carbaryl in experimental groups markedly 
reduced the diameter (p<0.001) and weight 
(p=0.042) of testes. Further examination of 
animal groups showed that significant 
reduction has occurred in the number of germ 
cells (p<0.001) and spermatocyts in our 
experimental groups (p<0.001).  

Comparison between spermatids among 
various animal groups indicated that their 
number has significantly been reduced in 
experimental groups compared to sham and 
control groups (p<0.001). This reduction was 
more visible in experimental group 2. 
Microscopic examination of testes tissue 
showed reduced number of Leydig cells in 
both experimental groups compared to sham 
and controls (p<0.001). Also sections 
prepared from testes showed that the 
diameter of seminiferous tubules has been 
reduced in the experimental groups compared 
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to sham and control groups and this reduction 
was significant (p<0.001) (Table I, Figure 2). 
 
Sex-related hormones 

The levels of testosterone in blood serum 
indicated that its average levels have been 
significantly reduced in experimental groups 
compared to sham and control groups 
(p<0.001). Reduction in testosterone levels 
was more pronounced in experimental group 
2 which had received three times more toxin 

(Figure 1). In contrast, the level of LH within 
the serum of the experimental groups was 
found to be increased compared to sham and 
control groups, and this increase was 
statistically significant (p<0.05).  

Also measurement of FSH indicated that its 
average levels has increased significantly 
(p<0.05). However, we did not detect any 
significant differences between sham and 
control groups (Table II). 

 

 

 

 

Table I. The effect of Carbaryl on testes tissue (Mean±SD) in different animal groups. 

Rats exposure Control Sham 
Experiment 1 

(10mg/kg) 

Experiment 2 

(30mg/kg) 
p-value 

Testis weight (gr) 
 

7.32±0.06 7.28±0.07 6.9±0.17 6.68±0.13 0.042 

Diameter of testes (mm) 
 

8.56±0.11 7.49±0.08 7.02±0.04 6.53±0.049 <0.001 

Germ cells 
 

8.27±0.42 8.2±0.34 6.45±0.399 6.12±0.22 <0.001 

Spermatocyts 
 

32.3±1.13 31.95±1.23 28.32±0.93 27.97±1.2 <0.001 

Spermatids 
 

10.14±0.21 10.01±0.14 8.25±0.24 7.82±0.2 <0.001 

Diameter of seminiferous tubules (μm) 
 

81.12±0.78 80.89±0.9 68.45±0.62 67.59±0.81 <0.001 

 

 

 

 

Table II. The effects of Carbaryl on hormones levels (Mean±SD) in different animal groups. 
Rats exposure 
 

Control Sham Experiment 1 (10mg/kg) Experiment 2 (30mg/kg) p-value 

LH (U/L) 
 

5.12±0.51 5.16±0.49 6.3±0.516 6.98±0.51 <0.05 

FSH (U/L) 
 

3.25±0.51 3.3±0.49 4.63±0.34 4.96±53 <0.05 

 

 

 

 

 
Figure 1. The effects of Carbaryl injection on the number of Leydig cells (A) and levels of testosterone (B) in different animal 

groups (* p<0.001). 
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Figure 2. Light micrograph of cross section from  rats testes in control (A) and Carbaryl (B) groups, staining with H&E (40X). 

Treated rats show decrease in the number of spermatogenic lines in the seminiferous tubules (arrows). 

 

Discussion 
 

Numerous studies indicate that a diverse 
range of contaminants, chemicals and gases 
can affect the reproduction process in humans 
and animals, leaving behind damages that, in 
some cases, cannot be compensated (4). The 
results of our current study indicate that 
Carbaryl causes reduction in spermatogenic, 
Leydig cells, diameter and weight of testes 
and seminiferous tubules. These results 
further show that Carbaryl results in reduced 
levels of testosterone and increased levels of 
LH and FSH in Wistar rats.  

Carbamates damage the reproductive tract 
by changing activities of anti-oxidant enzymes 
and so accelerate free radical generation and 
induce peroxidation and destruction of 
intracellular macromolecules (18). These are 
the case with Carbaryl that directly affects 
reproductive cells and tissues, causes 
damages to testes conformation and various 
cell types during spermatogenesis, and 
changes levels of reproductive hormones (14).  

The average number of sperms in men has 
been reduced in the last 50 years due, in part, 
to the use of environmental chemical 
compounds specially toxins in agriculture. 
Toxins that humans are daily exposed to due 
to their occupation can disturb sperm 
production by affecting testes cells directly or 
hormone regulation indirectly during 
spermatogenesis. These changes appear as 
reduced sperm levels, increased production of 

defective sperms and disturbed levels of 
androgen production (19). 

Destructive functions of toxins depend on 
dose, contact and adsorbing procedures, 
mechanism of action, type of tissue and 
organ, produced metabolites and their stability 
in the body (20). Carbaryl causes 
chromosomal changes, chromatid exchanges, 
mutations and DNA damages. It inhibits DNA 
synthesis and reduces RNA levels leading to 
reduced levels of protein synthesis and 
processing. These changes result in limited 
growth (16, 21).  

Reduction in testes weight indicates that 
Carbaryl may have damaged testes tissue 
and that reduced cell types and seminiferous 
tubules diameter most likely cause in testes 
atrophy. Carbaryl decreases the enzymatic 
activity of alkaline phosphatase that plays an 
important role in spermatogenesis (22). 
Further studies indicate that Carbaryl has 
destructive effects on reproductive systems of 
various species, changes that range from 
reduced sperm number and slowed sperm 
movement as well as sperm defection. 
Reduced rate of mating, decreased size of the 
embryo and increased rate of fetal death have 
been observed in rats following their contact 
with Carbaryl (23).  

Carbamate pesticides such as carbaryl 
disturb mitochondrial function that results in 
reduced ATP production. They also block 
metabolism of proteins and nucleic acids 
causing cell death. Carbaryl adversely affects 
sperms and germinal cells by inhibiting growth 
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and inducing cell death (24, 25). Decrease of 
germinal cells might be the cause of 
decreases in the number of spermatocyts and 
spermatids, which would eventually result in a 
decrease of sperm. The diameter of 
seminiferous tubules have showed a 
significantly reduction after prolonged 
Carbaryl exposure, which may be due to 
decreased of spematoginc cells and or may 
be occurring due to atrophy. 

The results of our study revealed the 
reduced levels of testosterone and increased 
levels of LH and FSH in the blood. Toxicologic 
effects exerted by toxins such as carbaryl and 
chloropyriphos occur probably by affecting the 
endocrine system and or changes in hormonal 
function (22, 26). The average level of 
testosterone detected in our experiments 
showed significant reduction in the 
experimental groups compared to sham and 
control groups.  

Our data indicate that Leydig cells 
responsible for secreting testosterone have 
been reduced in treated animals. Therefore, 
reduced levels of serum testosterone were not 
unexpected following reduction in the number 
of Leydig cells. Testosterone is required for 
production of sperms. Therefore, a normal 
level of testosterone plays an important role in 
spermatogenesis and fertility. Decline of 
testosterone levels might to affecting in 
spermatogenesis and fertility. Our data are 
compatible with those previously reported by 
others (27, 28).  

Carbaryl and other carbamate toxins affect 
steroid hormones by accelerating their 
catabolism, inhibiting steroid acute regulatory 
(STAR) protein, disturbing the endocrine 
system, directly affecting testes tissue and 
hormone-producing cells and finally changing 
the cAMP signaling pathway (15, 29). Non-
systemic pesticides such as 
organophosphores, pyrothyroids and 
carbamates reduce blood levels of estradiol 
and prolactin (30).  

In our study, the levels of FSH and LH 
increased upon consecutive injections of 
Carbaryl. It is noteworthy that STAR present 
in Leydig cells is induced by LH and some 
carbamates inhibit signaling pathways 
involved in LH and prolactin production (31, 
32). This is while other carbamates such as 
methomyl increase LH and FSH levels without 
inducing prolactin and thyroid-stimulating 
hormone (33).  

Therefore, Carbaryl that increased 
hormone levels in our study fits within this 
latest group of carbamates since it induced LH 
levels via feedback inhibition. LH plays an 
important role in the initiation and continuation 
of inhibition of spermatogenesis in its various 
stages and so LH increase can reduce cell 
number of testes tissue. Therefore, we can 
claim that beside LH increase leading to 
germinal and Leydig cell numbers, it is 
possible that toxins such as Carbaryl 
introduce a secondary infertility by exerting 
conformational changes in the testes and 
destruction of reproductive cells 
 

Conclusion 
 

Pesticides can damage reproductive 
systems in species and these damages are 
complicated via complicated mechanisms. 
Hormonal disturbance might be one of these 
mechanisms and, considering the role of 
hormonal homeostasis in reproduction, we 
can conclude that these toxins exert their 
adverse effects on the reproduction process 
via disturbing hormonal homeostasis.  
Another pathway for toxicity could be a direct 
effect on testes and reduction in 
spermatogonia and Leydig cells. Due to use of 
chemical toxins in farms and considering the 
data we obtained in this study, it is proposed 
that the application of toxin type, amount and 
time need to be carried out with careful 
planning and thoughtful management. 

 

Acknowledgements 
 

This project was supported by a grant from 
Islamic Azad University, Ayatollah Amoli 
Branch. 

 

References 
 
1. Juraske R, Sanjuán N. Life cycle toxicity assessment 

of pesticides used in integrated and organic 
production of oranges in the Comunidad Valenciana, 
Spain. Chemosphere 2011; 82: 956-962. 

2. Vonesh JR, Kraus JM. Pesticide alters habitat 
selection and aquatic community composition. 
Oecologia 2009; 160: 379-385 

3. Gunier RB, Ward MH, Airola M, Bell EM, Colt J, 
Nishioka M, et al. Determinants of Agricultural 
Pesticide Concentrations in Carpet Dust. Environ 
Health Perspect 2011; 119: 970-976. 

4. Mdegela RH, Mosha RD, Sandvik M, Skaare JU. 
Assessment of acetylcho- linesterase activity in 
Clarias gariepinus as a biomarker of 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
26

-0
6-

10
 ]

 

                               5 / 6

http://www.ncbi.nlm.nih.gov/pubmed/21075421
http://www.ncbi.nlm.nih.gov/pubmed/21075421
http://www.ncbi.nlm.nih.gov/pubmed/21075421
http://www.ncbi.nlm.nih.gov/pubmed/21075421
http://www.ncbi.nlm.nih.gov/pubmed/19252931
http://www.ncbi.nlm.nih.gov/pubmed/19252931
http://www.ncbi.nlm.nih.gov/pubmed/21330232
http://www.ncbi.nlm.nih.gov/pubmed/21330232
http://www.ncbi.nlm.nih.gov/pubmed/20169407
http://www.ncbi.nlm.nih.gov/pubmed/20169407
https://ijrm.ir/article-1-317-fa.html


Fattahi et al 

424                                              Iranian Journal of Reproductive Medicine Vol. 10. No. 5. pp: 419-424, September 2012 

organophosphate and carbamate exposure. 
Ecotoxicology 2010; 19: 855-863. 

5. McDaniel KL, McDaniel S, Padilla RS, Marshall PM, 
Phillips L, Podhorniak Y, et al. Comparison of acute 
neurobehavioral and cholinesterase inhibitory effects 
of N-methylcarbamates in rat. Toxicol Sci 2007; 98: 
552-560. 

6. Das Gupta R, Chakravorty PP, Kaviraj A. Studies on 
relative toxicities of six insecticides on epigeic 
earthworm, Perionyx excavatus. Bull Environ Contam 
Toxicol 2010; 85: 83-86.  

7. Smulders CJ, Bueters TJ, Van Kleef RG, Vijverberg 
HP. Selective effects of carbamate pesticides on rat 
neuronal nicotinic acetylcholine receptors and rat 
brain acetylcholinesterase. Toxicol Appl Pharmacol 
2003; 193: 139-146. 

8. Bhavan PS, Geraldine P. Manifestation of carbaryl 
toxicity on soluble protein and histopathology in the 
hepatopancreas and gills of the prawn, 
Macrobrachium malcolmsonii. J Environ Biol 2009; 

30: 533-538. 
9. Matos P, Fontaı nhas-Fernandes A, Peixoto F, 

Carrola J, Rocha E. Biochemical and histological 
hepatic changes of Nile tilapia Oreochromis niloticus 
exposed to carbaryl. Pesticide Biochemistry and 
Physiology 2007; 89: 73-80. 

10. Pant N, Srivastava SC, Prasad AK, Shankar R, 
Srivastava SP. Effects of carbaryl on the rat's male 
reproductive system. Vet Hum Toxicol 1995; 37: 421-
425. 

11. Meeker JD, Ryan L, Barr DB, Herrick RF, Bennett 
DH, Bravo R, et al. The relationship of urinary 
metabolites of carbaryl/naphthalene and chlorpyrifos 
with human semen quality. Environ Health Perspect 
2004; 112: 1665-1670. 

12. Gupta SK, Saxena PN. Carbaryl-induced behavioural 
and reproductive abnormalities in the earthworm 
Metaphire posthuma: a sensitive model. Altern Lab 
Anim 2003; 31: 587-593. 

13. Qiu Y, Chen JF, Song L, He J, Liu R, Zhang CW, et 
al. Zhonghua Lao Dong Wei Sheng Zhi Ye Bing Za 
Zhi. Effects of carbaryl on serum steroid hormone 
and the function of antioxidant system in female rats. 
Chinese 2005; 23: 290-293.  

14. Xia Y, Cheng S, Bian Q, Xu L, Collins MD, Chang 
HC, et al. Genotoxic effects on spermatozoa of 
carbaryl-exposed workers. Toxicol Sci 2005; 85: 615-
623.  

15. Meeker JD, Ryan L, Barr DB, Hauser R. Exposure to 
nonpersistent insecticides and male reproductive 
hormones. Epidemiology 2006; 17: 61-68. 

16. Pasqualotto FF, Sharma RK, Nelson DR, Thomas 
AJ, Agarwal A. Relationship between oxidative 
stress, semen characteristics, and clinical diagnosis 
in men undergoing infertility investigation. Fertil Steril 
2000; 73: 459-464. 

17. Herr DW, Mwanza JC, Lyke DF, Graff JE, Moser VC, 
Padilla S. Relationship between brain and plasma 
carbaryl levels and cholinesterase inhibition. 
Toxicology 2010; 276: 172-183.  

18. Slaninova A, Smutna M, Modra H, Svobodova Z. A 
review: oxidative stress in fish induced by pesticides. 
Neuro Endocrinol Lett 2009; 30: 2-12. 

19. Carlsen E, Giwercman Ay. Declining semen quality 
and increasing inciden of testicular concer, Is there a 
common cause? Environ Health Perspect 1995; 103: 

137-139. 
20. Oliveira Silva JJ, Alves SR, Meyer A, Perez F, 

Sarcinelli PN, da Costa Mattos RC, et al. Influence of 
socioeconomic factors on the pesticides poisoning. 
Brazil Rev Saude Publica 2001; 35: 130-135. 

21. Liu LS, Wang X, Yang BY, Sun Y, Guang Pu, Xue 
Yu, et al. Mechanism of damage of DNA induced by 
carbaryl and heavy metal ions. Chinese 2008; 28: 

1353-1355.  
22. Meeker JD, Singh NP, Ryan L, Duty SM, Barr DB, 

Herrick RF, et al. Urinary levels of insecticide 
metabolites and DNA damage in human sperm. Hum 
Reprod 2004; 19: 2573-2580. 

23. Todd NE, Van Leeuwen M. Effects of Sevin (carbaryl 
insecticide) on early life stages of zebrafish (Danio 
rerio). Ecotoxicol Environ Saf 2002; 53: 267-272. 

24. Eraslan G, Kanbur M, Silici S. Effect of carbaryl on 
some biochemical changes in rats: the ameliorative 
effect of bee pollen. Food Chem Toxicol 2009; 47: 
86-91. 

25. Moreno AJ, Serafim TL, Oliveira PJ, Madeira VM. 
Inhibition of mitochondrial bioenergetics by carbaryl 
is only evident for higher concentrations Relevance 
for carbaryl toxicity mechanisms. Chemosphere 
2007; 66: 404-411.  

26. Henkel R, Hajimohammad M, Stalf T, Hoogendijk C, 
Mehnert C, Menkveld R, et al. Influence of 
deoxyribonucleic acid damage on fertilization and 
pregnancy. Fertil Steril 2004; 81: 965-972.  

27. Amin S, Zhang Y, Felson DT, Sawin CT, Hannan 
MT, Wilson PW, et al. Estradiol, testosterone, and 
the risk for hip fractures in elderly men from the 
Framingham Study. Am J Med 2006; 119: 426-433. 

28. Van den Beld AW, de Jong FH, Grobbee DE, Pols 
HA, Lamberts SW. Measures of bioavailable serum 
testosterone and estradiol and their relationships 
with muscle strength, bone density, and body 
composition in elderly men. J Clin Endocrinol Metab 
2006; 85: 3276-3282. 

29. Cheng S, Chen J, Qiu Y, Hong X, Xia Y, Feng T, et 
al. Carbaryl inhibits basal and FSH-induced 
progesterone biosynthesis of primary human 
granulosa-lutein cells. Toxicology 2006; 220: 37-45. 

30. John D, Meeker A, Sarena R, Ravi A, Dana B, Barr 
B, et al. Circulating estradiol in men is inversely 
related to urinary metabolites of nonpersistent 
insecticides. Reprod Toxicol 2008; 25: 184-191. 

31. Stoker TE, Perreault SD, Bremser K, Marshall RS, 
Murr A, Cooper RL. Acute exposure to molinate 
alters neuroendocrine control of ovulation in the rat. 
Toxicol Sci 2005; 84: 38-48.  

32. Goldman JM, Murr AS, Buckalew AR, Ferrell JM, 
Cooper RL. Moderating influence of the drinking 
water disinfection by-product dibromoacetic acid on a 
dithiocarbamate-induced suppression of the 
luteinizing hormone surge in female rats. Reprod 
Toxicol 2007; 23: 541-549.  

33. Mahgoub AA, El-Medany AH. Evaluation of chronic 
exposure of the male rat reproductive system to the 
insecticide methomyl. Pharmacol Res 2001; 44: 73-

80. 
 

 [
 D

ow
nl

oa
de

d 
fr

om
 ij

rm
.ir

 o
n 

20
26

-0
6-

10
 ]

 

Powered by TCPDF (www.tcpdf.org)

                               6 / 6

http://www.ncbi.nlm.nih.gov/pubmed/20169407
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6TCN-50RVNS1-1&_user=9089348&_coverDate=08%2F11%2F2010&_alid=1437929976&_rdoc=1&_fmt=high&_orig=search&_cdi=5175&_sort=r&_docanchor=&view=c&_ct=4831&_acct=C000055263&_version=1&_urlVersion=0&_userid=9089348&md5=f0cad9319fc30725e786c44fd838d014#bbib0095
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Das%20Gupta%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chakravorty%20PP%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Kaviraj%20A%22%5BAuthor%5D
javascript:AL_get\(this,%20'jour',%20'Bull%20Environ%20Contam%20Toxicol.'\);
javascript:AL_get\(this,%20'jour',%20'Bull%20Environ%20Contam%20Toxicol.'\);
http://www.ncbi.nlm.nih.gov/pubmed/20120492
http://www.ncbi.nlm.nih.gov/pubmed/20120492
http://www.ncbi.nlm.nih.gov/pubmed/20120492
http://www.ncbi.nlm.nih.gov/pubmed/20120492
http://www.sciencedirect.com/science/journal/00483575
http://www.sciencedirect.com/science/journal/00483575
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Pant%20N%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Srivastava%20SC%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Prasad%20AK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Shankar%20R%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Srivastava%20SP%22%5BAuthor%5D
javascript:AL_get\(this,%20'jour',%20'Vet%20Hum%20Toxicol.'\);
http://www.ncbi.nlm.nih.gov/pubmed/15579410
http://www.ncbi.nlm.nih.gov/pubmed/15579410
http://www.ncbi.nlm.nih.gov/pubmed/15579410
http://www.ncbi.nlm.nih.gov/pubmed/15560748
http://www.ncbi.nlm.nih.gov/pubmed/15560748
http://www.ncbi.nlm.nih.gov/pubmed/15560748
http://www.ncbi.nlm.nih.gov/pubmed/16188102
http://www.ncbi.nlm.nih.gov/pubmed/16188102
http://www.ncbi.nlm.nih.gov/pubmed/15615886
http://www.ncbi.nlm.nih.gov/pubmed/15615886
http://www.ncbi.nlm.nih.gov/pubmed/20027135
http://www.ncbi.nlm.nih.gov/pubmed/20027135
http://www.ncbi.nlm.nih.gov/pubmed/18800721
http://www.ncbi.nlm.nih.gov/pubmed/18800721
http://www.ncbi.nlm.nih.gov/pubmed/12568463
http://www.ncbi.nlm.nih.gov/pubmed/12568463
http://www.ncbi.nlm.nih.gov/pubmed/12568463
http://www.ncbi.nlm.nih.gov/pubmed/18996165
http://www.ncbi.nlm.nih.gov/pubmed/18996165
http://www.ncbi.nlm.nih.gov/pubmed/18996165
http://www.ncbi.nlm.nih.gov/pubmed/16860847
http://www.ncbi.nlm.nih.gov/pubmed/16860847
http://www.ncbi.nlm.nih.gov/pubmed/16860847
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Cheng%20S%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Chen%20J%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Qiu%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Hong%20X%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Xia%20Y%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Feng%20T%22%5BAuthor%5D
javascript:AL_get\(this,%20'jour',%20'Toxicology.'\);
http://www.ncbi.nlm.nih.gov/pubmed/15601673
http://www.ncbi.nlm.nih.gov/pubmed/15601673
http://www.ncbi.nlm.nih.gov/pubmed/17418526
http://www.ncbi.nlm.nih.gov/pubmed/17418526
http://www.ncbi.nlm.nih.gov/pubmed/17418526
http://www.ncbi.nlm.nih.gov/pubmed/17418526
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Mahgoub%20AA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22El-Medany%20AH%22%5BAuthor%5D
javascript:AL_get\(this,%20'jour',%20'Pharmacol%20Res.'\);
https://ijrm.ir/article-1-317-fa.html
http://www.tcpdf.org

