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1. Introduction

   In order to react adequately to growing food demand, 
farmers have to increase their production. For this purpose, 
numerous additives including mineral and organic 
fertilizers are used. Farmers must also fight against weeds, 
mycosis and pest insects using chemicals commonly called 
pesticides. Although the use of pesticides is necessary, it 
should not be forgotten that they are harmful not only to pest 
organisms, but also to useful animals and human beings[1-4].
The organophosphate family of agricultural pesticides is 
widely used throughout the world[5-8] and it includes among 

others chlorpyrifos, dichlorvos, parathion, dimethoate, 
malathion and diazinon. Symptoms of organophosphate 
poisoning are generally caused by inhibition of the enzyme 
acetylcholinesterase which leads to the accumulation 
of acetylcholine in the synapses and overstimulation of 
cholinergic systems[2,6,9-14]. 
   Exposure to organophosphates leads to the impairment of 
reproductive processes[15]. Thus, many reproductive toxic 
effects have been linked to organophosphate pesticides. 
Among others, we can name the decreased sperm count, 
an increased teratozoospermia and the diminution of the 
diameter of the seminiferous tubules in mice exposed 
to a single dose of malathion (240 mg/kg)[16]. In addition, 
precocious spermiation was noted after oral treatment 
of rats with dimethyl methyl phosphanate or trimethyl 
phosphanate [17]. Three-week exposure of rats to methyl 
parathion diminished sperm count in the epididymis and 
the weight of reproductive organs[18]. Further examples of 
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deleterious effects of organophosphates pesticides can be 
added.
   Chlorpiryphos-ethyl (CE) is an organophosphate 
pesticide. It is used for crops and foodstuff protection. 
In Cameroon, the quantity of CE used increases yearly 
and often without any respect of prescribed norms. In our 
previous study on male rats[19], the oral administration of 
CE (3.50-10.50 mg/kg) resulted in a decrease in weight of 
reproductive organs, concentration of epididymal sperm and 
sperm motility at the end of the 90-day treatment. In that 
study, numerous histological aberrations were also recorded 
in the examined rats. Were those effects reversible? The 
aim of the present study is to evaluate the persistency of the 
reproductive toxicity of CE 90 days after the end of exposure 
in male rats.

2. Materials and methods

2.1. Animals and experimental design 

   Twenty four (24) male Wistar rats (28-32 days old; 28-
32 g of bw) and 48 females (4 months old) were produced in 
Animal Physiology Laboratory, Faculty of Agronomy and 
Agricultural Sciences of Dschang University. Rats were 
housed in glass cages at room temperature and 12h-day 
light/dark cycle with free access to food and water.
   Four doses (control, 3.50, 5.25 and 10.50 mg/kg) of 
chlorpiryphos-ethyl (Dursban, Chimac Agripar, Belgium) 
were tested on young male rats randomly distributed 
to four groups (n=6 per group). The control lot received 
distilled water. Thus, 0.583 mL of distilled water or solution 
containing CE was administered per kg of body weight. 
Animals were gavaged daily from 30 to 120 days of age and 
volumes of gavage solution were adjusted weekly to body 
weight. Ninety days following the last treatment, rats were 
sacrificed. Prior to sacrifice, each male and 2 females were 
allowed to mate for a period of 2 weeks (days 76-90 post-
treatment). 

2.2. Data collection

   The body weight was measured on day 90 after the end 
of the CE exposure. Animals were then euthanized and 
the testes, epididymis, vas deferent, seminal vesicles 

and prostate were removed and weighed. The right cauda 
epididymis was weighed and minced in a known volume 
of 0.9% NaCl (36 曟) for sperm motility and concentration 
evaluation. The motile and non motile sperms were 
counted separately with the aid of a light microscope. The 
sperm concentration was obtained by using the Thomas 
haematocytometer.
   The testis was fixed in Bouin’s fluid, and washed, 
dehydrated in alcohol baths of ascending grade, clarified 
in xylen immersion, hardened in paraffin, sectioned and 
stained with haematoxylin and eosin. The tissue sections 
were observed under a light microscope (Zeiss, 400×) for 
changes in the seminiferous tubules and intertubular spaces. 
The fertility rate was calculated following the formula: 
   Fertility rate = number of males which procreated/total 
number of the examined males
   The litter size, kids survival rate (assessed six hours post-
natally or at 7.00 am for the pups born during the night) and 
the sex-ratio have been evaluated at the parturition. 

2.3. Statistical analysis

   Data were expressed as means ±SD and statistical analysis 
was performed by one way ANOVA followed by Duncan’s 
test at 5%.

3. Results

   Except for the 5.25 mg/kg treated-group treated group, 
the weights of testes and epididymis (Table 1) were lower in 
CE-receiving rats as compared to controls, all differences 
were significant (P<0.05). The weight of seminal vesicles 
was not significantly (P>0.05) different between the control 
and gavaged animals, excepted in 5.25 mg/kg treated-group 
where it was the smallest. The weights of vas deferent and 
prostate did not differ (P>0.05) among doses.
   The number of spermatozoa per gram and per cauda 
epididymis, as well as sperm motility were lower (P<0.05) in 
CE-treated rats compared to control animals (Table 2). 
   Males treated with the highest dose of CE produced no 
offspring (Table 3). However, fertility rate and litter size of 
other CE-treated rats were comparable to those of controls 
(P>0.05). The survival rate and the sex-ratio (males/females) 

Table 1 
Effects of chlorpyriphos-ethyl on the male reproductive organs weight (g/100 g body weight) in rat (n=6).

Organs Doses (mg/kg/day)

0.00 3.50 5.25 10.50
Testis 0.45依0.06    0.28依 0.08* 0.38依0.02  0.19依0.03*

Epididymis 0.15依0.01   0.11依0.01*   0,12依0.01*  0.08依0.01*

Vas deferent 0.04依0.00 0.04依0.01 0.03依0.00 0.04依0.04 
Seminal V. 0.33依0.10 0.33依0.05   0.24依0.02* 0.34依0.05 
Prostate 0.12依0.02 0.10依0.05 0.10依0.04 0.12依0.10 
V.: vesicles;* P<0.05 comparing with the control group; n: Number of observations.
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decreased in a dose related-fashion, but no significant 
(P>0.05) difference was shown.
   Typical structure of the testis was observed in control 
rats (Figure 1A); the seminiferous epithelium contained all 
generations of germinal cells corresponding to the stages of 
seminiferous epithelium cycle. The lumen contained normal 
flagellated spermatozoa. Interstitial space was also typical. 
In contrast, the enlargement of the interstitial spaces and 
the vacuolization of germinal epithelium and intertubular 
cells were observed in all treated animals (Figure 1B, 1C 
and 1D). The lumen of almost all seminiferous tubules of 
CE-treated rats was filled by germ cells liberated before 
the completion of spermatogenesis (Figures 1 C and D). The 
incidence of these abnormalities varied independently on 
the administered dose of CE.
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Figure 1. Effects of chlorpiryphos-ethyl (CE) on testicular structure 
90 days following the exposure.
A. control; B. male treated with 3.50 mg/kg of CE; C. male treated 
with 5.25 mg/kg of CE mg/kg; D. male treated with 10.50 mg/kg of 
CE mg/kg; Is: interstitial space; Lu: lumen of the seminiferous tubule; 
arrows indicate the vacuoles. Note the presence of immature cells in 
the lumen of seminiferous tubules of treated animals and enlargement 
of the interstitial space.
All photos were taken with the same magnification, 400伊.

4. Discussion

   The decrease of testis and epididymis weights in CE-
treated rats observed was previously recorded at the end 
of the exposure[19]. The diminution of testis weight could 
be attributed at least partly to it alteration as shown by 
testes histological sections. Regarding the weight of the 
epididymis, a close conclusion has been reported using up 
to 1.5 mg/kg of methyl parathion, another organophosphate 
pesticide[18]. The lowering of the epididymis weight resulting 
from the current study could be linked to that of the testis. 
In fact, the development of the accessory reproductive 
organs in male is under the control of the testis[20]. The low 
concentration of sperms in the epididymis could also cause 
the decrease of its weight. 
   The diminution of epididymal sperm count is supported 
by a previous result obtained 17 days following a 3-week 
exposure to methyl parathion, an organophosphate 
pesticide [18]. The germ cells liberated into the lumen before 
complete spermatogenesis could be phagocytised during 
epididymal transit, and thus account for the observed low 
epididymal sperm count of treated rats[21].
   The 73.11% decrease of sperm motility between control and 
10.50 mg/kg is by far greater than that recorded at the end of 
gavage (18.66%)[19]. The weak sperm motility in CE-treated 
rats could also be due to the fact that a great majority of 
sperm was liberated prematurely from germinal epithelium 
of treated rats. It could also be linked to cytotoxic effects of 
CE.
   The disorganisation of germinal epithelium was more 
pronounced than at the termination of the treatment[19]. 
These results differ from those reported for animals allowed 
to recover for 14 weeks after treatment with dimethyl methyl 
phosphanate, in which various degrees of recovery were 
noted in affected tubules[22]. The germ cells previously 

Table 2
Influence of chlorpyriphos-ethyl on cauda epididymal sperm count and motility(n=6).
Cauda epididymal sperm
characteristics 

Doses of CE (mg/kg/day )
0.00 3.50 5.25 10.50

Number/cauda (×106)   36.85依13.11 1.55依1.20* 6.45依5.04* 0.33依0.37*

Number/gram (×106) 229.14依63.61   17.04依9.58* 58.90依43.16*# 5.45依6.11*

Motility (%)   79.11依12.90   51.68依16.42*# 51.17依21.92*# 6.00依8.51* 

*P<0.05 comparing with the control group; n: Number of observations; #P<0.05 comparing with the 10.50 mg/kg/day-treated group. 

Table 3
Influence of chlorpyriphos-ethyl on the rat reproductive performances.

Parameters Doses of CE (mg/kg/day)

0.00 3.50 5.25 10.50
Fertility rate 0.67依0.58 0.50依0.58 0.67依0.58 0.00依0.00

 (n=6) (n=6) (n=6) (n=6)

Litter size 8.00依1.63 6.00依1.41 8.00依2.55 -
(n=12) (n=12) (n=12)

Viability rate (%) 100.00依0.00 93.75依4.42 66.67依40.82 -
(n=12) (n=12) (n=12)

Sex-ratio 50.69依11.30 45.00依3.54 42.36依13.94 -
(n=12) (n=12) (n=12)

(n): number of observations. 
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described in the lumen of the seminiferous tubules of CE-
treated rats would be released from the portions of the 
tubule where epithelium was disorganised. It appears from 
testis sections that the exfoliation of germ cells start with 
more differentiated cells. It was stated earlier that the loss of 
germ cells begins with spermatids, but progressively affects 
preceding germ cell types, and tubules with maturation 
arrested at the level of spermatocytes or spermatogonia are 
observed[23].
    The infertility of untreated females mated by males of the 
highest dose group was foreseeable because in that lot, no 
mobile spermatozoon was observed in the cauda epididymys 
(Table 2). The analogy between fertility rate of rats given 5.25 
mg/kg and the controls was not surprising. In fact, a previous 
study showed that up to 90% reduction in the number of 
fertile sperms deposited during mating would not markedly 
reduce fertility, normal males of mammals ejaculating a 
great excess of spermatozoa[24]. 
   The persistence of the harmful effects of CE on the male 
reproductive organs is not surprising since CE accumulates 
in the organism. However, it is not known if the effects 
observed 90 days after the end of the exposure are caused by 
the accumulated insecticide or by lesions provoked during 
the time of exposure. 
   The effects of chlorpiryphos-ethyl on male reproductive 
organs persisted while becoming more prominent 90 days 
following the last day of exposure. However, despite the 
lesions registered, chlorpiryphos-ethyl-treated males 
remained fertile. 
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