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ABSTRACT 

The present study was envisaged to investigate the possible effect of environmental contaminants on the 
reproductive outcome in male T. indica and B. bengalensis inhabiting South-West region of Punjab in North India. A 
significant difference in organ weights between Bathinda rats and control rats was observed. Levels of total proteins 
were found to be decrease in all the rats collected from Bathinda region. Activity levels of OS parameters viz. CAT, 
SOD, GST, GR and GPx were differentially altered and the products of oxidation namely, malondialdehyde increased 
significantly in rats collected from Bathinda district. The decrease in sperm motility and concentration was observed 
in Bathinda rats of both the species. Abnormal sperms were significantly increased in Bathinda rats. The results 
obtained indicate that environmental contaminants for prolonged period are responsible for altering antioxidant 
defence system and inducing oxidative stress, a cause for pathophysiological changes in rats inhabiting south- west 
region of Punjab. 
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INTRODUCTION 
With the advent of industrialization, economic development and urbanization, drastic changes have 
occurred in the lifestyle and surroundings of humans that have resulted in the extensive production and 
use of beneficial substances (Mathur and Cynthia 2011). As a result, many potentially hazardous 
chemicals have been released into the environment at an alarming rate, and their exposure to both 
humans and wildlife has become inevitable. These chemicals that have been released into the 
environment are a leading causative factor in the high incidence of various pathological conditions, 
including cancers (Mathur and Cynthia 2011). 
Contamination of natural resources by indiscriminate and hysterical use of pesticides is potential threat 
to animal and human health.  Pesticides are linked to various chronic diseases like cancers, infertility, 
kidney failure, reproductive problems and nervous disorders in male and female (Agarwal and Sharma 
2010). South-Western region of Punjab is known for its high pesticide use and deteriorated ground water 
quality due to Agrochemical processes and extensive use of phosphate fertilizers (Bhalla et al 2011). 
Acute occupational exposure for pesticides among sprayers was also high as they occasionally use 
protective devices while spraying (Thakur et al 2008, Singh and Kaur 2012). 
Pesticides have become integral part of agriculture in Punjab, India. Bathinda district in Punjab, an 
important belt of the country, irrigated by canal water, grows largely cotton and rice crop, the two crops 
known for excessive use of pesticides (Puri et al 1999). Agrochemical processes in the waterlogged 
agricultural area with calcareous soil and use of phosphate fertilizers are also favoured sources for 
deterioration of ground water quality in Bathinda districts (Bhalla et al 2011).  
Exposure of pesticides lowers the sperms count levels below the limit leading to male infertility (Mathur 
et al 2010, Rani et al 2013). Several research studies have indicated that sperm counts have been in 
decline for decades and scientists say modern lifestyles and contacts with chemicals are a contributing 
factor (Thakur et al 2008, Singh and Kaur 2012). Pesticides have the potential to interfere with androgen 
action and affect the development and maturation of the reproductive tract in males and cause 
declination in semen quality (Jurewicz et al 2009). The increase in insecticide levels in the blood of 
vertebrates has been reported to cause reproductive dysfunction (Singh et al 2008).  
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Earlier studies give some indication of increased reproductive risks of exposure to pesticide/heavy 
metals, but the epidemiological evidences do not allow any clear inference to be drawn (Thakur et al 
2008, Singh and Kaur 2012, Singh and Sangha 2014). The present study was designed to examine the 
possible effect of environmental contaminants on oxidative parameters and male fertility indices in 
Bandicota bengalensis and Tatera indica inhabiting South-West region of Punjab. 
 
MATERIAL AND METHODS 
During the study, the field rats i.e., Bandicota bengalensis and Tatera indica were trapped from fields of 
Bathinda district of South West region of Punjab. Same species of rats were also collected from PAU, 
Ludhiana and adjoining areas and they served as control rats. Approval of Institutional Animal Ethical 
Committee, Guru Angad Dev Veterinary and Animal Science University (GADVASU), Ludhiana was 
obtained for the usage of animals vides letter no. 3901-35 dated 06-08-2012. Rats were brought to 
laboratory, separated according to species and observed for morphological symptoms. They were mildly 
anaesthetized using chloroform and blood samples were collected directly from the heart in heparinised 
vials. The blood samples were centrifuged at 2300g for 15 minutes to obtain erythrocytic pellets which 
settles as sediment. The pellet was washed with normal saline solution thrice and 10% haemolysate was 
prepared for biochemical studies. 
Organ weight and Organosomatic Index 
Following humane sacrifice, the vital organs viz; brain, liver, spleen, stomach, heart, lungs and kidney; 
endocrine glands viz; adrenal, thyroid, parathyroid and reproductive organs viz. testis, epididymis 
(caput, corpus and cauda), vas deferns and other accessory organs like prostate and seminal vesicles 
were excised, cleaned off the adhering tissue and weighed separately. The organo-somatic index (OSI) 
was calculated by using the following formula as per Chattopadhyay et al (2011). 

������ − ������� �����(���) =
����� ������(�)

���� ���� ������(�)
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Biochemical studies 
For biochemical studies, 0.5 g of liver, one whole kidney and testis was homogenized in 2 ml of 
phosphate buffer saline (PBS 0.1M, pH 7.4) and the homogenate was centrifuged at 3000 for r.p.m. for 10 
min. Supernatant was used for estimation of proteins by method of Lowry et al (1951). The activity of 
glutathione peroxidase, superoxide dismutase, catalase, glutathione reductase and glutathione-S-
transferase in erythrocyte lysate/tissue homogenate was assayed by the method of Hafeman et al (1984), 
Marklund and Marklund (1974), Aebi (1983), Carlberg and Mannervik (1985) and Habig et al (1974) 
respectively. Lipid peroxidation was assayed by the method of Stocks and Dormandy (1971). 
Histological Studies 
For histomorphological studies, testis of the rats collected from Bathinda region and PAU, Ludhiana were 
fixed in alcoholic bouin’s solution for 24 hours. 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). The 5µm 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 haematoxylin- eosin, 
cleared in xylene and mounted in DPX for microscopic examination.  
Evaluation of male fertility 
Cauda epididymis were separated from caput and corpus regions, weighed and suspended in 0.5 ml of 
phosphate buffer saline (PBS) at 37 °C. Epididymal fluid was collected in PBS by giving cuts to the cauda 
epididymis and sperm enriched epididymal fluid was collected in a tube. The spermatozoa were analysed 
for their motility, concentration and abnormalities. 
Sperm motility: The motility of sperm was evaluated directly after mincing in drop of sperm suspension, 
microscopically. A drop of sperm suspension under the cover slip was examined for motility at X400 
using Olympus microscope (CH-21). Sperm motility was expressed as percent of motile sperm of the total 
sperm counted, according to Linder et al (1986).  
Sperm concentration: The spermatozoa concentration was carried out by diluting the sperm suspension 
with PBS (1:20), then mixed together, after that a drop of them delivered in to the Neubaure 
haemocytometer in each side of the counting chamber. The haemocytometer is allowed to stand for 5 
min. for sedimentation, then sperms were counted in the large five square and expressed as sperm 
concentration in million, according to Feustan et al (1989). 
Sperm abnormalities: About 100 spermatozoa were observed for normal morphology, headless, abnormal 
head, middle piece swelling, middle piece coiling, tail bending, tail coiling and multiple deformities were 
counted at x 1,000 using Olympus microscope (CH-21) and percent of each was calculated. 
Statistical analysis 
All statistical comparisons for organ weight and biochemical analysis were presented as the mean ± 
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standard error of mean (S.E.M). Comparisons were made between control and Bathinda rats belonging to 
different species on computer using t-test. A “P” value of 0.05 was selected as a criterion for statistically 
significant differences. 
 
RESULT AND DISCUSSION 
Organ weight 
Bandicota bengalensis males collected from Bathinda region showed marked increase in the weight of 
liver and kidney and decrease in thyroid weight as compared to the PAU rats that served as control (Table 
1). However, liver and kidney weight of Tatera indica showed significant decrease in the rats collected 
from Bathinda district. Other organs like spleen, heart, lungs, stomach and brain showed no significant 
difference in their weights in both the species of rats as compared to control rats (Table 1).  
Significant increase in weight of testis of Bandicota bengalensis collected from Bathinda region was 
observed when compared with the respective control rats. However, weight of vas deferns and prostate 
of Bathinda Bandicota bengalensis rats showed a slight increase as compared to control rats (Table 2). 
The weight of epididymis (caput and corpus), seminal vesicles of Bandicota bengalensis and testis and vas 
deferns of Tatera indica collected from Bathinda region showed slight decrease as compared to control 
rats.  
Biochemical observations 
The total protein contents were found to be lower in the liver, kidney, brain and testis of male Bandicota 
bengalensis collected from Bathinda region as compared to control rats.  Blood protein content of 
Bandicota bengalensis was found to be comparable in all the rats. Tatera indica rats also showed a non-
significant decrease in protein content in all the organs as compared to control rats (Table 3-7). 
The activity of catalase decreased non-significantly in liver, blood and testis of rats collected from 
Bathinda region as compared to the control rats. Slight increase in CAT activity was observed in kidney of 
Bandicota bengalensis and brain of Tatera indica rats collected from Bathinda district (Table 3-7). The level 
of SOD activity increased significantly in liver and kidney of Bandicota bengalensis collected from 
Bathinda region as compared to the control rats while non-significant increase was observed in liver, 
kidney, brain, blood and testis of Tatera indica and Bandicota bengalensis of Bathinda district as compared 
to control rats (Table 3-7). GST activity showed a slight increase in liver, kidney, brain, blood and testis of 
Bandicota bengalensis and Tatera indica and brain of female Tatera indica collected from Bathinda region 
as compared to control (Table 3-7). 
The activity of GR increased non-significantly in kidney, blood and testis of Bandicota bengalensis and liver, 
brain and blood of Tatera indica collected from Bathinda district when compared to the control rats .GR 
activity was comparable in liver and brain of Bandicota bengalensis and in kidney and testis of Tatera 
indica (Table 3-7). Reduced activity of glutathione peroxidase was observed in liver, kidney and blood of 
Bandicota bengalensis and in liver, brain and blood of Tatera indica rats collected from Bathinda region as 
compared to control. Activity of glutathione peroxidase was comparable in liver of Bandicota bengalensis 
and in kidney and testis of Tatera indica (Table 3-7). 
LPO showed non-significant increase in liver, kidney, brain and testis and significant increase in blood of 
male Bandicota bengalensis and Tatera indica collected from Bathinda region (Table 3-7). 
Histological Studies in Testis 
The use of histopathological evaluations, while evaluating animal tissue is of prominent role in male 
reproductive risk assessment. Light microscopic examination of sections of the testes of control Bandicota 
bengalensis and Tatera indica revealed that the parenchyma of testis was formed of rounded seminiferous 
tubules (Fig.1 A, C). In transverse sections testis contain numerous seminiferous tubules which are 
different in their shape and size. The primary spermatogonial cells, primary and secondary 
spermatocytes, spermatids and sperm bundles are visible in the seminiferous tubules (Fig.1A, C). Each 
seminiferous tubule is lined by a thin basement membrane and the interstitial cells and connective tissues 
are present in between the tubules. The lumen of the seminiferous tubule contains numerous sperms 
(Fig.1A, C). 
Light microscope examination of testis section of the Bathinda rats revealed some distorted seminiferous 
tubules in Bandicota bengalensis (Fig. 1B) and Tatera indica (Fig. 1D), clumped spermatozoa which was 
found to be more prominent in Tatera indica ( Fig.1D) as compared to Bandicota bengalensis (Fig.1B). 
Non-significant change was observed in the tubules of all the rats while slight larger spaces were seen in 
the interstitial tissue between the tubules in all the rats collected from Bathinda region as compared to 
control rats (Fig.1B, D). 
Sperm parameters 
There was a decrease in the percent sperm motility in T. indica and B. bengalensis Bathinda rats compared 
to Ludhiana rats (Table 8). Sperm concentration was significantly reduced in T. indica and B. bengalensis 
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Bathinda rats as compared to Ludhiana rats (Table 8). The percent morphological abnormalities (head, 
tail and multiple) in spermatozoa of rats of South Western Punjab were much higher as compared to 
control rats (Table 9). Non significant increase in percent tail and multiple sperm abnormalities was 
observed in these rats as compared to the rats of Ludhiana district. 

 
DISCUSSION 
Organ weights were recorded as potential indicator of a dietary effect on the organism. (Piao et al 2013). 
Liver and kidneys are central metabolic organs and are important for metabolic and excretory processes 
and are therefore often regarded as indicator organs for toxic effects. The differences in liver and kidney 
weights are considered as sensitive risk parameters (Piao et al 2013). Reduced weight of liver and kidney 
may be considered as indicators of toxins induced damage (Grunhage et al 2003). The environmental 
contaminants/pesticides might have induced injury that could have induced impairment in metabolic 
activity of liver and kidney and caused a disturbance in metabolic activity require for maintainace of 
tissue (Benjamin et al 2006). Shekhar et al (2011) also reported the decrease in total body, testis and 
epididymis weights in cypermethrin treated mice. The reduction in weight of accessory organs indicates 
atrophy of glandular tissue and also a reduction in secretionary ability. The decline in testis weight may 
also be a result of a decrease in sperm count as well as reduction in weight of seminal vesicles and ventral 
prostate, which may reflect an interference with androgen output. Unpublished data of our laboratory 
have also revealed pesticide chlorpyrifos and malathion residues in liver and blood of male T. indica and 
B. bengalensis rats inhabiting Bathinda district of Punjab.  
Biochemical parameters are sensitive index of the changes due to pesticide toxicity and can constitute 
important diagnostic tool in toxicological studies (Singh and Saxena 2001). Significant decrease in total 
protein content was reported in liver and kidney tissues of rats inhabiting Bhatinda region. Otitoju and 
Onwurah (2007) also reported a reduction in rat plasma protein exposed to pesticides. The decrease in 
testicular proteins from Bathinda rats may indicate the induced degenerative changes in the testis of rats 
or general disturbance of the protein metabolism which may be due to androgen/estrogen deficiency 
leading to impaired gametogenesis. Depressed level of proteins was also found in males and females 
treated with 2400 ppm imidacloprid (Solecki 2001). 
Reduced activity of catalase, glutathione reductase and glutathione peroxidase indicates increased 
production of free radicals under the influence of environmental intoxicants. Khan et al (2010) suggested 
that genetic polymorphisms in glutathione peroxidise enzymes and their altered expressions and 
activities are associated with oxidative DNA damage and subsequently the individual risk of cancer 
susceptibility.   Reduced activity of glutathione peroxidase was in accordance with previous studies 
where Heikal et al (2013) observed a significant decrease in levels of glutathione peroxidase in liver of 
rats administered with Cyromazine, Chlorpyrifos and both as compared to control rats.Increase in the 
activity of superoxide dismutase was also observed by Tunçmen and Tüzmen (2007) in blood, brain, 
kidney and liver of rats fed with drinking water of Buyukkabaca. The GR activity was significantly 
increased after exposure to the concentrations of 0.4 μg/L and 0.8 μg/L of deltamethrin in liver in 
common carp (Ensibi et al 2013).  
 Malondialdehyde (MDA) is an end product of lipid peroxidation including phospholipids in the cell 
membrane and the enhanced levels of MDA is an indicator of oxidative stress. The increased levels of 
MDA may pose the survival threat to live cells, which may have the potential to affect various organs and 
their normal physiology leading to severe pathophysiological conditions (Glutekin 2001). Increase in LPO 
levels was also observed by Tunçmen and Tüzmen (2007) in blood, brain, kidney and liver of rats fed with 
drinking water of Buyukkabaca. 
The microscopic examination of testis section of the Bathinda rats revealed some distorted and 
degenerative changes in seminiferous tubules. Histological evaluations are especially useful in providing a 
relatively sensitive indicator of damage; and with short-term dosing, providing information on target 
cells, extent of toxicity, and, indicating the potential for recovery (Akinloye et al 2002). In the lindane 
treated rats, the cells were irregularly shaped and there was marked intercellular space between the 
spermatogenic cells and cell disorganization was found (Simic et al 2012). Sakr and Azab (2001) reported 
abnormal seminiferous tubules with many vacuoles, marked reduction in spermatogenic cells, and 
degenerated Leydig cells in albino rats inhaling pyrethroids. Manna et al (2004) found edema between 
seminiferous tubules, vacuolization and hyalinization in the tubules of the testes of rats exposed to α-
cypermethrin. A decrease in luminal sperm and apparent dilation of tubules, together with oxidative 
stress, has been associated with testicular damage from sodium fluoride in rats (Ghosh et al 2002).  
The assessment of sperm motility is one of the basic elements of semen analysis and is especially 
important in samples where many sperm are immotile, to distinguish between immotile dead sperm and 
immotile live sperm (Björndahl et al 2003). Sperm count is liable to decrease either due to decreased 
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sperm production in seminiferous tubules or decreased sperm maturation in epididymis under effects of 
some chemical (Rani et al 2013, Taib et al 2013). Decline in sperm motility and concentration can be 
attributed to environmental contaminants leading to androgen insufficiency (Chitra et al 2001, Mathur et 
al 2010). Sperm motility evaluation done by Perobelli et al (2010) also revealed a statistically significant 
reduction in the number of sperms in rats exposed to single or mixed pesticides as compared to control 
group. Treatment with either the higher or lower lindane dose also induced a significant decrease in 
epididymal sperm numbers and sperm motility (Simic et al 2012).  
 
Table 1: Relative weight of various organs (g/100 g bw) in different species of male rats. 

 Bandicota bengalensis Tatera indica 

Organs Control Bathinda Control Bathinda 
Liver 4.05±0.39 4.19±0.60* 4.00±0.20 3.11±0.33* 
Kidney 0.45±0.02 0.50±0.04* 0.35±0.01 0.25±0.03* 
Spleen 0.39±0.16 0.30±0.06 0.34±0.02 0.32±0.03 
Heart 0.49±0.06 0.48±0.03 0.40±0.05 0.40±0.04 
Lungs 0.48±0.23 0.41±0.08 0.51±0.05 0.50±0.04 
Stomach 3.35±0.31 3.22±0.16 2.90±0.08 2.93±0.27 
Brain 2.00±0.72 1.55±0.09 1.26±0.07 1.23±0.11 
Thyroid 0.260±0.15 0.210±0.04* 0.230±0.012 0.220±0.02 
Parathyroid 0.023±0.01 0.024±0.01 0.024±0.00 0.024±0.00 
Adrenal 0.028±0.00 0.028±0.00 0.036±0.00 0.035±0.01 

Values are Mean ± SE, 
*Significant difference at (p≤0.05) as compared to control 
 

Table 2: Relative mass of reproductive organs (g/100 g bw) in different species of male rats 
 Bandicota bengalensis Tatera indica 
Organs  Control Bathinda Control Bathinda 
Epididymis 0.28±0.15 0.27±0.18 0.30±0.06 0.29±0.06 
Cauda 0.19±0.01 0.19±0.12 0.14±0.02 0.13±0.03 
Caput 0.17±0.01 0.16±0.10 0.12±0.02 0.11±0.03 
Corpus 0.032±0.01 0.029±0.01 0.034±0.01 0.032±0.03 
Testis 0.54±0.19 0.65±0.04* 0.68±0.11 0.63±0.13 
Seminal vesicles 0.39±0.11 0.33±0.06 0.38±0.003 0.38±0.07 
Vas deferns 0.04±0.01 0.05±0.01 0.05±0.01 0.04±0.05 
Prostate 0.21±0.01 0.23±0.01 0.24±0.01 0.24±0.03 

Values are Mean ± SE, 
*Significant difference at (p≤0.05) as compared to control 
 

Table 3: Liver enzymatic antioxidant parameters (mg g-1 wet weight of tissue) of Bandicota 
bengalensis and Tatera indica male rats. 

 Bandicota bengalensis Tatera indica 
Parameters Control Bathinda Control Bathinda 
Protein  4.92±0.76 4.50±0.55 4.23±0.02 3.75±0.31 
CAT  45.06±1.80 44.27±0.57 40.34±4.45 39.10±1.22 
SOD  12.62±3.18 15.83±2.36* 14.87±0.02 16.49±1.63 
GST  0.44±0.05 0.45±0.07 0.42±0.01 0.43±0.06 
GR  0.08±0.02 0.08±0.02 0.06±0.00 0.08±0.01 
GPx  0.42±0.05 0.33±0.01 0.29±0.00 0.27±0.09 
LPO  10.61±0.94 11.92±1.10 9.11±0.75 9.40±1.33 

All the values are Mean ± SE of 5 animals in each group, 
*Statistically significant different (p≤0.05) as compared to control 
Units: Proteins (mg/g tissue), GPx (U/mg protein), SOD (U/mg protein), CAT (µmole of H2O2 
decomposed/min/mg protein), GR (µmoles of NADPH conjugate/ min/mg protein), GST (µmoles of GSH-
CDNB conjugate formed/ min/mg protein), LPO (nM MDA/100 mg tissue). 
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Table 4: Kidney enzymatic antioxidant parameters (mg g-1 wet weight of tissue) of Bandicota 
bengalensis and Tatera indica male rats. 

 Bandicota bengalensis Tatera indica 
Parameters Control Bathinda Control Bathinda 
Protein  4.08±0.88 3.73±0.19 3.51±0.12 3.05±0.02 
CAT  42.29±1.65 42.55±4.75 45.66±2.85 43.29±2.02 
SOD  15.30±1.91 20.53±0.08* 11.12±3.23 12.24±0.46 
GST  0.39±0.01 0.41±0.06 0.40±0.03 0.41±0.03 
GR  0.06±0.01 0.10±0.01 0.09±0.01 0.09±0.01 
GPx  0.24±0.12 0.23±0.04 0.33±0.05 0.33±0.07 
LPO  9.72±1.03 10.69±1.20 9.42±0.62 9.66±0.12 

All the values are Mean ± SE of 5 animals in each group, 
*Statistically significant different (p≤0.05) as compared to control 
Units: Proteins (mg/g tissue), GPx (U/mg protein), SOD (U/mg protein), CAT (µmole of H2O2 
decomposed/min/mg protein), GR (µmoles of NADPH conjugate/ min/mg protein), GST (µmoles of GSH-
CDNB conjugate formed/ min/mg protein), LPO (nM MDA/100 mg tissue). 
 

 
Table 5: Brain enzymatic antioxidant parameters (mg g-1 wet weight of tissue) of Bandicota 

bengalensis and Tatera indica male rats. 
 Bandicota bengalensis Tatera indica 
Parameters Control Bathinda Control Bathinda 
Protein  4.57±0.01 3.71±0.22* 4.25±0.06 4.24±0.08 
CAT  45.88±6.12 43.87±3.10 49.03±3.44 50.24±6.12 
SOD  16.85±3.32 17.64±0.59 15.42±1.11 15.46±2.77 
GST  0.48±0.00 0.49±0.03 0.43±0.05 0.52±0.04* 
GR  0.07±0.00 0.07±0.01 0.06±0.00 0.08±0.02 
GPx  0.21±0.16 0.21±0.07 0.21±0.05 0.16±0.03 
LPO  11.18±2.31 11.36±0.59 8.34±0.04 8.29±1.48 

All the values are Mean ± SE of 5 animals in each group, 
*Statistically significant different (p≤0.05) as compared to control 
 
Units: Proteins (mg/g tissue), GPx (U/mg protein), SOD (U/mg protein), CAT (µmole of H2O2 
decomposed/min/mg protein), GR (µmoles of NADPH conjugate/ min/mg protein), GST (µmoles of GSH-
CDNB conjugate formed/ min/mg protein), LPO (nM MDA/100 mg tissue). 
 

Table 6: Blood enzymatic antioxidant parameters of Bandicota bengalensis and Tatera indica  
male rats. 

 Bandicota bengalensis Tatera indica 
Parameters Control Bathinda Control Bathinda 
Protein  34.0±0.52 34.0±0.11 29.3±0.01 29.0±0.08 
CAT  11.21±6.12 9.04±3.10 11.98±3.44 11.34±6.12 
SOD  3.31±0.18 3.15±0.74 4.12±0.19 4.22±0.27 
GST  0.007±0.00 0.009±0.00 0.007±0.00 0.008±0.00 
GR  0.008±0.00 0.009±0.00 0.009±0.00 0.010±0.00 
GPx  0.04±0.01 0.03±0.01 0.04±0.01 0.03±0.02 

LPO  160.3±3.21 192.8±2.11* 170.8±0.03 202.4±4.32* 

All the values are Mean ± SE of 5 animals in each group, 
*Statistically significant different (p≤0.05) as compared to control  
Units: Proteins (mg/ml tissue), GPx (U/mg protein), SOD (U/mg protein), CAT (µmole of H2O2 
decomposed/min/mg protein), GR (µmoles of NADPH conjugate/ min/mg protein), GST (µmoles of GSH-
CDNB conjugate formed/ min/mg protein), LPO (nM MDA/100 ml sample). 
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Table 7:  Effect of environmental contaminants on biochemical parameters of male rats of 
different species 

 Bandicota bengalensis Tatera indica 
Parameters Control Bathinda Control Bathinda 
Protein  4.78±0.50 3.60±0.21* 4.12±0.03 4.09±0.10 
CAT  32.26±3.68 31.72±5.59 31.89±2.05 29.31±0.16 
SOD  19.09±2.20 20.49±0.65 17.09±2.22 18.05±1.55 
GST  0.47±0.02 0.48±0.02 0.46±0.01 0.47±0.02 
GR  0.07±0.02 0.08±0.01 0.06±0.01 0.06±0.01 
GPx  0.20±0.13 0.21±0.07 0.19±0.04 0.19±0.09 
LPO  11.64±1.79 12.00±0.41 8.34±1.48 8.52±0.79 

Values expressed as Mean ± SE (n=5).  
*Significant difference (P ≤ 0.05) as compared to control  
Units: Proteins (g/dL sample), CAT (μmole of H2O2 decomposed/min/mg protein), SOD (U/mg protein), 
GST (μmoles of GSH-CDNB conjugate formed/ min/mg protein), GR (μmoles of NADPH oxidized/ min/mg 
protein), GPx (U/mg protein), LPO (nM MDA/ml sample). 
 

Table 8: Effect of environmental contaminants on Sperm mortality and Sperm concentration 
Parameters Bandicota bengalensis Tatera indica 
 Control Bathinda Control Bathinda 

Sperm motility(%) 91.00±0.03 89.56±1.01 91.56±6.87 88.45±1.93 
Sperm concentration 
(107) 

21.00±0.01 20.76±1.38 22.79±0.36 17.98±1.78* 

Values are Mean ± SE 
*Significant difference at (p≤0.05) as compared to control 

 
Table 9: Effect of contaminants on percent sperm abnormalities in male rats 

Type of sperm abnormality Bandicota bengalensis Tatera Indica 
 Control Bathinda Control Bathinda 

     
Normal 69.00 ± 0.02 62.67 ± 1.01 71.22 ± 1.04 60.67 ± 0.51 

Headless 16.00 ± 1.20 15.02 ± 1.72 15.00 ± 0.04 14.00 ± 1.72 
Abnormal Head 5.90 ± 1.54 6.00 ± 0.04 5.67 ± 1.54 3.67 ± 0.50 

Middle piece bending 1.55 ± 0.40 3.01 ± 0.19 4.10 ± 0.01 5.66 ± 1.09 
Middle piece coiling 4.00± 0.01 2.66 ± 1.27 3.20± 0.40 2.00 ± 0.20 

Tail bending 13 ± 0.07 12 ± 1.72 11.00 ± 0.40 9.00 ± 0.02 

Tail coiling 2.66 ± 0.02 3.33 ± 0.94 2.00 ± 0.70 2.50 ± 0.90 
Multiple deformities 1.66 ± 0.01 3.00 ± 0.21 3.6 ± 0.20 3.60 ± 1.27 
 

Values are Mean ± SE 
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CONCLUSION 
In conclusion, it can be inferred that environmental contaminants may produce adverse reproductive 
effects, by the altering levels or activities of antioxidants such as CAT, GR, GPx, SOD and GST enzymes and 
lipid peroxidation and histopathology of reproductive organs
concentration and motility in Bandicota bengalensis 
South-west Punjab indicates the negative effects of environmental contaminants. 
 
ACKNOWLEDGMENTS  
The authors are very thankful to 
Punjab for providing the necessary facilities to carry out

 
REFERENCES 
1. Aebi H (1983). Catalase In: Bergmeyer H U and Weinheim (ed) Methods of Enzymatic Analysis. Pp 227

Academic Press. 
2. Agarwal A, Sharma B (2010). Pesticide

90-104. 
3. Akinloye AK, Abatan MO, Alaka OO,

effect of Calotropisprocera (giant milkweed) on the male reproductive organs of wistar rats.
5: 57-61. 

4. Benjamin N, Kushwah A, Sharma RK, Katiyar A
of pesticide exposed malnourished and diabetic rats. Ind

5. Bhalla A, Singh G, Kumar S, Shah
of Punjab state (India) using EDXRF technique and the sources of water contamination. International conference 
on environmental and computer science PCBEE 19:156

6. Björndahl L, Söderlund I, Kvist U
sperm vitality assessment. Hum. 

7. Carlberg I, Mannervik B (1985). Glutathione reductase. Methods Enzymol

                     91 | P a g e      

In conclusion, it can be inferred that environmental contaminants may produce adverse reproductive 
levels or activities of antioxidants such as CAT, GR, GPx, SOD and GST enzymes and 

histopathology of reproductive organs. Reduced epididymal weight, sperm 
Bandicota bengalensis and Tatera indica inhabiting Bathinda district of 

west Punjab indicates the negative effects of environmental contaminants.  

 Head, Department of Zoology, Punjab Agricultural University Ludhiana, 
providing the necessary facilities to carry out the research work. 

Catalase In: Bergmeyer H U and Weinheim (ed) Methods of Enzymatic Analysis. Pp 227

Pesticide induced oxidative stress in mammalian system. 

O, Alaka OO, Oke BO (2002). Histomorphometric and histopathological studies on the 
(giant milkweed) on the male reproductive organs of wistar rats.

wah A, Sharma RK, Katiyar AK (2006). Histopathological changes in liver, kidney and muscles 
of pesticide exposed malnourished and diabetic rats. Ind. J. Exp. Biol. 44: 228-32. 

Singh G, Kumar S, Shahi JS, Mehta D (2011). Elemental analysis of ground water from different regions 
of Punjab state (India) using EDXRF technique and the sources of water contamination. International conference 
on environmental and computer science PCBEE 19:156-64. 

U (2003). Evaluation of the one-step eosinnigrosin staining
 Reprod. 18: 813–816. 
Glutathione reductase. Methods Enzymol. 113:484-490. 

Kalra and Sangha 

    © 2018 AELS, INDIA 

 

In conclusion, it can be inferred that environmental contaminants may produce adverse reproductive 
levels or activities of antioxidants such as CAT, GR, GPx, SOD and GST enzymes and 

Reduced epididymal weight, sperm 
inhabiting Bathinda district of 

Head, Department of Zoology, Punjab Agricultural University Ludhiana, 

Catalase In: Bergmeyer H U and Weinheim (ed) Methods of Enzymatic Analysis. Pp 227-82.  

alian system. Int. J. Biol. Med. Res. 1: 

Histomorphometric and histopathological studies on the 
(giant milkweed) on the male reproductive organs of wistar rats. Afr. J. Biomed. Res. 

Histopathological changes in liver, kidney and muscles 

Elemental analysis of ground water from different regions 
of Punjab state (India) using EDXRF technique and the sources of water contamination. International conference 

staining technique for human 

 



RJCES Vol 5 [7] December  2017                     92 | P a g e      © 2018 AELS, INDIA 

8. Chattopadhyay S, Podder S, Agarwal S, Bhattacharya S (2011). Fluoride-induced histipathology and synthesis of 
stress protein in liver and kidney of mice. Ach. Toxicol. 85: 327-35. 

9. Chitra KC, Sujatha R, Latchoumycandane C and Mathur PP (2001). Effect of lindane on antioxidant enzymes in 
epididymus and epididymal sperm of adult rats. Asian J. Androl. 3: 205-08. 

10. Ensibi C, Hernández Moreno, Soler Rodríguez, Daly Yahya, Míguez-Santiyán, Pérez-López (2012). Effects of 
subchronic exposure to carbofuran on antioxidant defence system and malondialdehyde levels in common carp 
(Cyprinus carpio L.). J. Toxicol. Environ. Chem.doi: 10.1080/02772248.2012.672821. 

11. Feustan MH, Bodnai KR, Kerstetter SL (1989). Reproductive toxicity of 2-methoxyethanol applied dermally to 
occluded and non-occluded sides in male rats. Toxicol. Appl. Pharmacol. 100: 145-65. 

12. Ghosh D, Firdaus SB, Mitra E, Dey M, Bandyopadhyay D (2012). Protective effect of aqueous leaf extract of 
Murraya koenigi against lead induced oxidative stress in rat liver, heart and kidney: a dose response study. Asian 
J. Pharm. Clin. Res. 5(4):54-58. 

13. Glutekin F, Delibas N, Yasar S, Kiline I (2001). In vivo changes in antioxidant system and protective role of 
melatonin and a combination of vit C and vit E on oxidative damage in erythrocytes induced by chlorpyrifos-
ethyl in rats. Arch. Toxicol. 75:88–96. 

14. Grunhage F, Fischer HP, Gastroententerol Z, Sauerbruch T, Reichel C (2000). Drug Toxins Induced Hepatotoxicity 
41(6): 565-78. 

15. Habig WH, Pabst MJ, Jakoby WB (1974). Glutathione S-transferases. The first enzymatic step in mercapturic acid 
formation. J. Biol. Chem. 246:7130-39. 

16. Hafeman DG, Sunde RA, Hoekstra WG (1984). Effect of dietary selenium erythrocyte and liver glutathione 
peroxidise in the rat. J. Nutr. 104:580-87. 

17. Heikal T, Mossa AT, Rasoul M, Marei H (2013). The ameliorating effects of green tea extract against cyromazine 
and chlorpyrifos induced liver toxicity in male rats. Asian J. Pharm. Clin. Res. 6(1):48-55. 

18. Jurewicz J, Hanke W, Johansson C, Lundquist C, Ceccatelli S, Van Den Hazel P, Saunders M, Jurewicz ZR (2006). 
Adverse health effects of children's exposure to pesticides: What do we really know and what can be done about 
it. Acta Pædiatrica. 95 (Suppl 453): 71. 

19. Khan JA, Iqbal M, Ahmed I, Soomro MH (2010). Economic evaluation of pesticide use externalities in the cotton 
zones of Punjab, Pakistan. Pak. Dev. Rev. 41:683-98. 

20. Linder RE, Strader LE, McElroy WK (1986). Measurement of epididymal sperm motility as a test variable in the 
rat. Bull. Environ. Cont. Toxicol. 36:  317-24. 

21. Lowry OH, Rosebrough NJ, Farr AL, Randall AJ (1951). Protein measurement with folin phenol reagent. J. Biol. 
Chem. 193:265-75. 

22. Manna PR, Eubank DW, Stocco DM (2004). Assessment of the role of activator protein-1 on transcription of the 
mouse steroidogenic acute regulatory protein gene. Mol. Endocrinol. 18:558–73. 

23. Marklund S, Marklund G (1974). Involvement of the superoxide anion radical in the autoxidation of pyrogallol 
and a convenient assay for superoxide dismutase. Euro. J. Biochem. 47:469-74. 

24. Mathur PP, Cynthia D'Cruz (2011). The effect of environmental contaminants on testicular function. Asian J. 
Androl. 13: 585–91. 

25. Mathur N, Pandey G, Jain GC (2010). Pesticide A review of the male reproductive toxicology J. Her. Med. Toxicol. 
4(1):1-8.  

26. Otitoju O, Onwurah I (2007). Glutathione S-transferase (GST) activity as a biomarker in ecological risk 
assessment of pesticide contaminated environment. Afric. J. Biotech. 6 (12):1455-59. 

27. Perobelli JE, Martinez MF,  Franchi CA, Fernandez CD, Camargo JL and Kempinas Wde G (2010). Decreased sperm 
motility in rats orally exposed to single or mixed pesticides. J. Toxicol. Environ. Health 73(13-14):991-1002. 

28. Piao Y,  Liu Y, Xie X (2013). Change trends of organ weight background data in sprague dawley rats at different 
ages. J Toxicol. Pathol. 26(1): 29–34. 

29. Puri SN, Murthy KS and Sharma OP (1999). Integrated Pest Mangement for Sustainable Cotton Production. In 
Sundaram V, Basu A K, Iyer K K R, Narayana S S and rajendran T P (ed) Handbook of Cotton in India. Pp 233-45. 
Indian Society for Cotton Improvement (ISCI), C/o Central institute for Research on Cotton Technology, Mumbai. 

30. Rani A, Sahai A, Srivastava A, Rani A, Chopra J, Pankaj A, Verma R, Diwan R (2013). Count and sperm motility of 
albino rats. J. Biol. Chem. Res. 30 (1):264-70. 

31. Sakr SA and Azab AE (2001) Effect of pyrethroid inhalation on the testis of albino rats. Pak. J. Biol. Sci. 4: 498-
500.  

32. Shekhar RP, Savithri Y, Kishore S, Jayashankar A, Rao J (2011). Synergistic effect of sodium fluoride and 
cypermethrin on the somatic index and histopathology of albino mice testes. Research Report Flouride 
44(2)103-11. 

33. Simic B, Kmetic I, Maruti T, Kniewald J (2012). Effect of lindane on reproductive parameters in male rats. 
Veterinarski Arhiv. 82: 211-20. 

34. Singh A, Kaur MI (2012). A health surveillance of pesticide sprayers in Talwandi Sabo area of Punjab, North-West 
India. J. Hum. Ecol. 37(2) 133-37.  

35. Singh P, Sangha G K (2014). Reproductive potential of male house rats (Rattus rattus) inhabiting south-west 
region of Punjab. Res. J. Chem. Env. Sci. 2 (1): 44-53. 

36. Singh VK, Saxena PN (2001). Effect of cybil (Cypermethrin-25EC) and Cybil - sevin (Carbaryl 50EC) combination 
on liver and serum phosphatases in wistar albino rats. J. Ecophysiol. Occup. Health 1: 229-34. 

37. Singh PB, Singh V, Nayak PK (2008). Pesticide residues and reproductive dysfunction in different vertebrates 
from north India. Food Chem. Toxicol. 46:2533-39. 

Kalra and Sangha 



RJCES Vol 5 [7] December  2017                     93 | P a g e      © 2018 AELS, INDIA 

38. Solecki R (2001). Pesticides residues in food: Toxicological evaluations- imidacloprid. Pesticides and biocides 
division, Federal Institute for health protection of consumers and veterinary medicine, Berlin, Germany. 

39. Stocks J, Dormandy TL (1971). The autoxidation of human red cell lipids induced by hydrogen peroxide. British J. 
Haem. 20(1):95-111. 

40. Taib I, Budin S, Ghazail A, Jayusman P, Louis S, Jamaludin M (2013). Fenitrothin induced oxidative stress and 
morphological alterations of sperm and testes in male Sprague dawley rats. Clinics 68 (1):  93-100. 

41. Thakur JS, Rao TB, Rajwanshi A, Parwana HK, Kumar R (2008). Epidemilogical study of high cancer among rural 
agricultural community of Punjab in northern India. Int. J. Environ. Res. Pub. Health 5: 399-407. 

42. Tuncmen MN, Tuzmen (2007). Biochemical Effects of pesticide contaminated drinking water on lipid 
peroxidation and free-radical scavenger. Hacettepe. J. Biol. Chem. 35(2):111-16. 

 

 
 
 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

CITE THIS ARTICLE  
Shasta Kalra, Gurinder Kaur Sangha. Evaluation of oxidative stress and reproductive potential in male rats inhabiting 
South West region of Punjab.. Res. J. Chem. Env. Sci. Vol 5 [7] December 2017. 84-93 

Kalra and Sangha 


