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ABSTRACT 

Mammals including human beings are exposed to several thousand chemicals used in industrial processes, 
developmental activities and also through food chain. High level of pesticides residues existing in the environment exerts 
adverse effects on reproductive health of animals leading to direct toxicity to the reproductive organs or by interferences 
with the hormonal functions. The present study was designed to examine the possible effect of environmental 
contaminants on the male fertility indices and testicular functions in Rattus rattus inhabiting South-West region of 
Punjab. There was significantly decrease in the weight of testis, epididymus (caput, corpus and cauda) prostate gland in 
mature and immature Bathinda rats as compared to the control rats inhabiting South-West region of Punjab. The level 
of total proteins and phospholipids decreased while that of total lipids and cholesterol increased in testis of mature and 
immature house ratsinhabiting South-West region of Punjab. The concentration of testicular enzymes viz. acid and 
alkaline phosphatases (AKP, ALP) decreased in testis of mature and immature house rats. There was also observed a 
decrease in the sperm motility and the sperm concentration in these rats. Abnormal form sperm were significantly 
increased in Bathinda rats as compared to the control rats. In the present study Testosterone level decreased in rats 
collected from Bathinda as compared to control rats. Pesticide residue of chlorpyriphos was detected in plasma of these 
rats.  Histopathological evaluations of testis of the Bathinda rats revealed some distorted seminiferous tubules and 
degenerative changes in seminiferous tubules with reduced spermatozoa. From present study we conclude that exposure 
of multiple pesticides/environmental contaminants for prolonged period has affected the reproductive health of house 
rats, thereby disrupting male reproduction.  
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INTRODUCTION 
In recent years, there has been growing concern regarding the adverse effects of various environmental 
contaminants on human health. 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 [1]. 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 [1]. 
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 [2]. Agrochemical processes in the waterlogged agricultural area 
with calcareous soil and use of phosphate fertilizers are favored sources for deterioration of ground 
water quality in Bathinda districts [3]. The consequence of high use of pesticides in the environment is a 
wide spectrum of toxicological effects on the nervous, immune, cardiovascular, respiratory and 
reproductive system and even cancer [4-6]. 
High level of pesticides residues existing in the environment exerts adverse effects on reproductive health 
of animals leading to direct toxicity to the reproductive organs or by interferences with the hormonal 
functions [7]. Exposure of pesticides lowers the sperm count levels below the limit leading to male 
infertility [8,9]. 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 
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[10,5,11]. The present study was designed to examine the possible effect of environmental contaminants 
on the male fertility indices and testicular functions in Rattus rattus inhabiting South-West region of 
Punjab. 
 
MATERIALS AND METHODS 
Male house rats (Rattus rattus) were collected from Bathinda district of South-West region of Punjab 
using multicatch rat traps and also from Punjab Agricultural University (PAU), Ludhiana that 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. Animals were brought to 
laboratory and separated according to age into mature and immature category.  
Following humane sacrifice, the reproductive organs viz. testis, epididymis (caput, corpus and cauda),vas 
deferns and other accessory organs like prostate and seminal vesicles were excised cleaned of the 
adhering tissue and weighed separately. The organo-somatic index (OSI) was calculated by using the 
following formula as per Chattopadhyay et al [12]. 

Organ weight (g) 
Organo-somatic Index (OSI) = ----------------------- X 100 

Live body weight (g) 
The weight of the various reproductive was compared with the organs of control rats. Testis were used 
for biochemical estimations and histological examination. Epididymis was used for fertility evaluation. 
For biochemical studies, 1g of testis were homogenized in 2 ml of phosphate buffer saline (PBS 0.1M, pH 
7.4) and testis homogenate was  centrifuged at 3000 r.p.m. for 10 min. The Supernatant was used for 
estimation of total soluble  proteins and various enzymes. Protein were estimated by the method of 
Lowry et al. [13]. Total lipids from the testis tissue were extracted by the method of Folch et al [14]. Total 
phospholipids were estimated by Ames [15] method and cholesterol was estimated by Chiamori and 
Henry [16] method from the above extracted lipids. Acid phosphates(ACP) and alkaline phosphates (ALP) 
activity was measured in citrate buffer (0.05M ph 10.5) and glycine buffer (0.05M ph 10.5), respectively 
using p-nitrophenol phosphate as substrate following the method of Bessay et al [17]. 
For hormone assay, blood sample from each rat was collected directly from heart in heparinised vials. 
Blood was centrifuged at 2300 r.p.m. for 15 minutes. Supernatant was obtained as plasma  which was 
used for the determination of testosterone using ELISA kits. 
Pesticide residue analysis was done in blood and for it blood sample from each rat was collected directly 
from heart in heparinised vials. 2.5 ml of blood was mixed with 12.5 ml distilled water followed by adding 
1 ml of brime solution. The extraction took  place with the help of hexane. Centrifuged at 200r.p.m. for 5 
minutes. The supernatant was collected in the beaker. Repeated the procedure three times with 4 ml 
hexane acetone solution (1:1) and dried the solution to 10 ml. Prepared the column with the help of 
cotton followed by 1 g of sodium sulphate, 2 g florosil, 1g sodium sulphate and added the extract. 
Extracted the sample by adding 5 ml of 6% diethyl ether in hexane followed by 15%, 50% and 100% 
diethyl ether in hexane. Dried the extract to zero ml and then added 5 ml hexane and dried it to 3 ml and 
read on Gas Liquid Chromatography (GLC).  
For  histopathological studies, testis of 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, 
counterstained with eosin, cleared in xylene and mounted in DPX. 
Evaluation of 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 and 
percent motility were calculated. About 100 motile and non motile spermatozoa were observed at X400 
using Olympus microscope (CH-21). Non-motile sperm numbers were first determined, followed by 
counting of total sperm. Sperm motility was expressed as percent of motile sperm of the total sperm 
counted, according to Linder et al. [18].  
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 
haemoctometer in each side of the counting chamber. The haemocytometer is allowed to stand for 5 min. 
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for sedimentation, then sperms were counted in the large five square and expressed as sperm 
concentration in million, according to Feustan et al. [19]. 
Sperm abnormalities : About  100 spermatozoa with 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 
Results were expressed as Mean ± standard error of mean (SEM) and subjected to student t-test. Results 
were considered statistically significant with p<0.05. 
 
RESULTS  
There was decrease in the weight of reproductive organs like testis and epididymis of mature and 
immature Bathinda rats as compared to the control PAU rats (Table 1). Prostate gland weight was also 
significantly lower while seminal vesicles and vas deference weight was slightly higher in rats collected 
from Bathinda district of South-West Punjab as compared to PAU rats.  
Biochemical studies 
Total proteins decreased in the testicular homogenate of mature and immature rats collected from 
Bathinda region as compared to Ludhiana control rats (Table 2). Total lipid content was 
significantly(p<0.05) higher in testis of rats collected from South West region of Punjab as compared to 
Ludhiana rats. There was significant increase in the cholesterol content of testis of mature rats of 
Bathinda region. However, phospholipid content of testis was significantly lower in the testis of rats 
inhabiting Bathinda region of Punjab as compared to control rats.(Table 2). In the present study the 
content of both the enzymes Acid and alkaline phosphatase (ACP & ALP) decreased in the testis of mature 
and immature Bathinda rats as compared to the PAU control rats(Table 3). 
The testosterone level decreased in the blood of all rats collected from Bathinda rats as compared to 
control rats. There was a decrease in Testosterone concentration in Bathinda rats (0.675±0.24ng/ml) as 
compared to control rats (0.925±0.37ng/ml ; Fig. 1). Chloripyriphos residues in the range of 0.080 
to0.191 ppm were detected in the blood of rats collected from Bathinda district of Punjab (Table 4, Fig. 2 
A & B).  
Histological studies 
The sections of testis were observed for morphological characteristics of seminiferous tubules, 
spermatogonia and spermatocytes. The use of histopathological evaluations, while evaluating animal 
tissue is of prominent role in male reproductive risk assessment. The microscopic examination of sections 
of the testes of control Rattus rattus revealed that the parenchyma of testis was formed of rounded 
seminiferous tubules (Fig.3 A & B). 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 of control mature 
and immature rats (Fig.3 A,B, E & F). 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.3 A & B). The  microscopic examination of testis 
section of the Bathinda mature and immature rats revealed some distorted seminiferous tubules and 
degenerative changes in seminiferous tubules with increased lumen of seminiferous tubules in the  Rattus 
rattus (Fig.3 C,D,G & H). Non-significant change was observed in the tubules of the rats while slight larger 
spaces were seen in the interstitial spaces between the tubules in the mature rats collected from Bathinda 
region as compared to control rats (Fig.3 C & D) 
There was a decrease in the percent sperm motility in mature and immature Bathinda rats which is 
69.77±2.14 and 73.45±.065 % respectively as compared to control rats(78.56±0.32 and 81.26±0.026 
respectively) (Fig. 4 A ). Sperm concentration was significantly reduced in mature and immature Bathinda 
rats (17.79±0.86 and 16.78±0.98 respectively) as compared to control rats(21.00±0.25 and 19.74±0.08) 
(Fig. 4 B). The percent morphological abnormalities (head, tail, multiple) in spermatozoa of rats of South 
Western Punjab. Non significant increase in percent tail and multiple sperm abnormalities was observed 
in these rats as compared to the rats of control groups (Table 5, Fig. 4)  
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Table1:- Relative mass of reproductive organs (g/100 g bw) in Rattus rattus species of mature and 
immature male rats. 

 

Rattus rattus 
MATURE RAT IMMATURE RAT 

ORGANS CONTROL BATHINDA CONTROL BATHINDA 
EPIDIDYMIS  0.357±0.069 0.293±0.033* 0.241±0.049 0.183±0.068* 
CAUDA  0.182±0.033 0.144±0.021* 0.124±0.027 0.106±0.032* 
CAPUT  0.103±0.027 0.083±0.022* 0.108±0.332 0.078±0.028* 
CORPUS  0.039±0.004 0.030±0.012 0.023±0.006 0.017±0.010 
TESTIS  0.854±0.190 0.592±0.100* 0.664±0.136 0.340±0.343* 
VAS DEFERENCES  0.039±0.004 0.048±0.009 0.016±0.003 0.019±0.005 
SEMINAL VESICLE  0.059±0.008 0.066±0.033 0.035±0.008 0.042±0.043 
PROSTATE 0.530±0.163 0.243±0.029* 0.497±0.108 0.233±0.015* 
Values are Mean ± SE, 
*Significant difference at (p<0.05) as compared to control 
 

Table 2:- Level of Proteins, total lipids, cholesterol and phospholipids in mature and immature 
male house rats (Rattus rattus). 

 

Rattus rattus 

MATURE RAT IMMATURE RAT 
BIOCHEMICAL CONTROL BATHINDA CONTROL BATHINDA 
PROTEINS 2.892±0.221  1.292±0.075 1.180±0.186 1.068±0.036 
TOTAL LIPIDS 20.42±2.62 26.57±2.23* 17.22±3.26 20.81±1.78 
CHOLESTEROL 5.73±0.28 8.86±0.44* 4.71±0.24 6.95±0.48 
PHOSPHOLIPIDS 2.98±0.013 1.13±0.024 2.20±0.014 1.65±0.013 
Values are Mean ± SE, 
*Significant difference at (p<0.05) as compared to control 
 
Table 3:-  Level of acid (ACP) and alkaline phosphatase ( ALP) in mature and immature house rats 

(Rattus rattus). 

 
Rattus rattus 

MATURE RAT IMMATURE RAT 
Biochemical 
constituent 

CONTROL BATHINDA CONTROL BATHINDA 

ACP 11.19 4.740 12.18 7.019 

ALP 0.0938 0.0672 0.0998 0.0929 

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

Table :-4 Pesticide residue(ppm) in the blood samples of Rattus rattus collected from Bathinda 
region 

Sr. No Name of the rat Name of the pesticide 
detected 

Residue(ppm) 
 

1. Rattus rattus chlorpyriphos 0.182377234 
2. Rattus rattus chlorpyriphos 0.191174147 
3. Rattus rattus chlorpyriphos 0.08021771 
4. Rattus rattus chlorpyriphos 0.097397889 

 
Table:-5 Percent Sperm abnormalities in male house rats (Rattus rattus) 

 

Rattus rattus 

Mature Rat Immature Rat 
Type of sperm 
abnormality 

Control Bathinda Control Bathinda 

Normal sperms 81.00±2.01 74.13±3.86 64.00±2.87 61.25±.009 
Headless 7.26±2.36 11.00±0.49 4.00±0.33 6.01±0.56 
Abnormal Head 3.09±0.022 6.00±.076 2.01±.10 4.32±.22 
Middle piece bending 4.01±0.15 8.09±0.32 2.66±.011 4.18±.011 
Middle piece coiling 5.33±0.01 4.12±.12 3.00±0.37 8.25±0.11 
Tail bending 7.00±0.36 8.00±.45 3.17±0.19 5.46±0.10 
Tail coiling 3.58±0.76 9.36±1.02 3.52±0.45 4.21±.1.20 
Multiple deformities 4.59±0.98 5.09±0.01 7.00±1.99 4.19±0.65 

Values are Mean ± SE 
*Significant difference at (p<0.05) as compared to control 
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Figure 1 Testosterone concentration (ng/ml) in plasma of Bathinda and Control (PAU) rats 

 
 

Fig. 2 A Standard chromatogram of pesticide residue 

 
 

Fig. 2B  Pesticide residuechromatogram of Bathinda rats 
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Figure 3 
Fig.3.  A&B: T.S. of testis of a control male Rattus rattus showing seminiferous tubules with spermatid and 

mature spermatozoa with an outer membrane, theca albuginea alongside Leydig cells lying 
between seminiferous tubules (arrow) (X 100) & (X400) 

Fig.3. C&D : T.S. of testis of a male Rattus rattus collected from Bathinda district showing increase of 
lumen space in seminiferous tubules (arrowhead) (X100) &(X400). 

Fig.3.  A&B: T.S. of testis of immature control male Rattus rattus showing seminiferous tubules with 
spermatid(ST) and mature spermatozoa (S) with an outer membrane, theca albuginea 
alongside Leydig cells lying between seminiferous tubules (arrow) (X 100) & (X400) 

Fig. 3 C&D: T.S. of testis of a immature male Rattus rattus collected from Bathinda district showing 
increase of lumen space in seminiferous tubules (arrowhead) (X100) &(X400). 
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(A)                                                                                                     (B) 

Fig :-4 Percent sperm mortality (A) and Sperm concentration 107 (B) in male house rats (Rattus 
rattus) 

1 (TB) 

2(TL)

3 (HL)

4 (MPB)

5
7 (TC)
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6 (AH)
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Fig. 5 Sperm abnormalities in male housr rats (Rattus rattus) 

DISCUSSION 
The testes of the animals are highly susceptible to damage produced by genetic disorders, environmental 
or occupational exposure to chemicals or other means[1]. The decline in testis weight may also be the 
result of a decrease in sperm count, which may reflect the interference with androgen output. Moreover, 
the deleterious effects of environmental contaminants on reproductive organ weight might be due to a 
decrease in testosterone level [20, 21]. Also, Simic et al. [22] reported that, the decrease in testicular 
weight of lindane-treated rats may be due to reduced tubule size, spermatogenic arrest and inhibition of 
steroid biosynthesis of leydig cells. The reduction in the weight of the accessory organs indicates atrophy 
of glandular tissue and also a reduction in secretary ability.  Several studies have shown that the 
epididymus and accessory sex organs require a continuous androgenic stimulation for preservation of 
their normal structural and functional integrity [22]. Thus the slight reduction in the weight of the 
epididymus and accessory sex organs in the treated rats may be due to lower bioavailability of androgens 
[23, 21]. Earlier studies have demonstrated that exposure to estrogen or estrogen-like chemicals induce 
major pathological effects in epididymus in men and experimental animals [24].  
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Biochemical parameters are sensitive index of the changes due to pesticide toxicity and can constitute 
important diagnostic tool in toxicological studies [25]. 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. The testicular fluid contains both stimulatory factors as well as inhibitory factors that 
selectivity alters the protein secretions [26]. Thus, the changes in protein suggested that there is a 
reduction in the synthetic activity in testes [21]. 
A marked increase in the lipid and cholesterol content of testis may be associated with the impairment of 
testicular function[27]. The increase of cholesterol level in the testes may be a result of its non utilization 
leading to the reduction of the production of testosterone, the main hormone involved in the control of 
fertility of animals including rats [28, 29]. Decrease in testicular phospholipid content of Bathinda rats 
may be due to loss of cells with their phospholipid-laden membranes [27].This perhaps results from 
functional disintegrity of the membrane of testicular cells due to the oxidative damage [30]. 
Acid phosphatases are enzymes capable of hydrolyzing orthophosphoric acid esters in an acid medium. 
The testicular acid phosphatase gene is up-regulated by androgens and is down-regulated by estrogens 
[31]. Activities of free lysosomal enzymes have been shown to rise when testicular steroidogenesis is 
increased [24]. A decrease in ALP activity indicated that pesticide  produced a state of decreased 
steroidogenesis where the inter- and intracellular transport was reduced as the metabolic reactions to 
channalize the necessary inputs for steroidogenesis slowed down [32]. A decrease in the ACP in free state 
would thus reflect decreased testicular steroidogenesis in rats and this may be correlated with the 
reduced secretion of gonadotrophins [32, 24]. In rat testis, ALP is located in the plasma membrane [33] 
and therefore, the decreased activity of membrane bound ALP observed in the present study might be due 
to the reduction in number of spermatocytes and spermatids [27]. 
Testosterone T is the main steroid sex-hormone in male  rats. It is secreted by leydig cells of the testes 
under the control of complex neuroendocrine interactions [21]. The decrease in testosterone 
concentration in Bathinda male rats may indicate the disrupted endocrine system which was responsible 
for proper hormone balance [34, 8]. Persistence of chlorinated insecticides and their congeners in the 
tissues of man and animals and in the environment pose health problems by endocrinal dysfunction [35-
37]. Chlorpyrifos displayed an antiandrogen activity which manifested as inhibition of testosterone 
stimulated increase in the weight of accessory sex organs [35].  
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 [38]. Distorted seminiferous tubules with large intercellular spaces and few sperms 
were observed in testis of rats inhabiting South Western region of Punjab. Pesticide clearly have the 
potential to cause reproductive toxicity in animals, and several compounds are known to effect the 
human reproduction [8]. Some pathological effects of pesticides on the reproductive system of 
experiment animals were recorded by many authors [39, 40, 1]. Large population in the industrialized 
world is exposed to variety of the pollutants on daily basis, fluorides being one of them which induce 
degenerative changes in seminiferous tubules [41,42]. 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 [22]. 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 [43]. Sperm count is liable to decrease either due to 
decreased sperm production in seminiferous tubules or decreased sperm maturation in epididymis under 
effects of some chemical. [9,44]. Decline in sperm motility and concentration can be attributed to 
environmental contaminants leading to androgen insufficiency [24,8]. The percent sperm motility and 
sperm count was also found to be decreased in carbaryl and Fenitrothion treated groups as compared at 
control [44]. 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. Reduced sperm motility was suggested to be due to androgen deprivation resulting in 
increased abnormal spermatozoa [45]. Degeneration of Leydig cells also led to reduction in circulating as 
well as intratesticular testosterone level that might be the probable cause of sperm motility [9]. Sperm 
count is liable to decrease either due to decreased sperm production in seminiferous tubules or 
decreased sperm maturation in epididymis under effects of some chemical. The sperm count was also 
observed to decrease in carbaryl and Fenitrothion  treated groups of rats compared to control group [9, 
44] The results of our study are in accordance with Huang et al. [46] who reported that exposure to high 
concentrations of NaF (200ppm and 300ppm) in drinking water lead to decrease sperm count, sperm 
motility, sperm survival and an increased sperm abnormality in male mice. Treatment with either the 
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higher or lower lindane dose also induced a significant decrease in epididymal sperm numbers and sperm 
motility [22].  
Percent abnormal form sperm was significantly increased in mature and immature Bathinda rats as 
compared to the control rats in given table 4. The common abnormalities occurred in the rats like 
headless sperms, abnormal head, middle piece bending, middle piece coiling tail bending, tail coiling, 
multiple deformities (Fig. 5). Similar results were reported with certain organochlorine pesticides (O`C) 
at different experimental periods such as  DDT (46Ben Rhouma et al 2001), lindane [48, 49], dicofol [50], 
and endosulfan [51]. 
 
CONCLUSION 
Significantly reduced body weight, testicular and epididymal weights, sperm concentration, sperm 
motility and testosterone in the house rat (Rattus rattus) inhabiting Bathinda district of South- West 
region of Punjab indicates the effect of environmental contaminants especially pesticides.  
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