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ABSTRACT

This study was designed to evaluate the effects of chlorpyrifos and cypermethrin, singly and
in combination on reproductive physiology of male albino rats. Thirty six mature male rats were
used for this study. Completely randomized design was used in a 3X3 factorial format. Meaning
there were 3 treatments (chlorpyrifos, cypermethrin and chlorpyrifos+cypermethrin) and each
treatment had 3 groups (A, B and C) and each group had 4 rats. Group A was the control and
received distilled water. Group B received 5 mg kg~' b.wt., of treatment while Group C received
10 mg kg' b.wt., of treatment. Treatments were administered via oral gavage and lasted for
65 days. The rats were sacrificed; blood and sperm samples were collected and examined. The
result revealed that the treatments significantly (p<0.05) reduced epididymal sperm motility,
viability and count of rats. While sperm head abnormality increased significantly in treated rats.
Furthermore, follicle stimulating hormone, luteinizing hormone, testosterone and prolactin levels
reduced significantly (p<0.05) in treated rats compared to those in the control group. The findings
of this study therefore indicate that repeated oral exposure to chlorpyrifos and cypermethrin, both
singly and in combination had adverse effects on the reproductive physiology of male albino rats.
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INTRODUCTION

Pesticides are often considered a quick, easy and cheap means of controlling ‘Pests’ in urban
and rural areas. Thus, their use has increased crop yields as well as food quality. A huge quantity
of crops is lost yearly due to the effect of pests and diseases. These crop losses could double if
pesticide uses were abandoned. However, because the use of pesticides improves crop production,
the cost of food is also impacted. Without pesticides, food production would decline, thus leading
to shortage in supply and increase in price of food crops. Pesticides allow farmers to produce high
quality crops free of insect blemish and contamination.

Conversely, the indiscriminate use of pesticides has resulted in serious problems to man and
the environment (Grewal et al., 2010; Gold et al., 2001). Almost every part of our environment has
been contaminated by these chemicals as their residues are found in soil and air, in surface and
ground water and on food crops. The application of pesticides is often not precise and as such,
unlimited exposures pose high risk to non-target organisms, ranging from soil microorganisms to
insects, plants, fish, birds and man. Over 98% of sprayed insecticides and 95% of herbicides reach
a destination other than their target species (Miller, 2004). Pesticides are one of the causes of
water pollution and some pesticides are persistent organic pollutants and contribute to soil
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contamination. In addition, the use of pesticides reduces biodiversity and nitrogen fixation
contributes to pollinator decline, destroys habitat (especially for birds) and threatens endangered
species (Miller, 2004; Palmer et al., 2007).

Pesticide exposure can cause a variety of adverse health effects, ranging from simple irritation
of the skin and eyes to more severe effects such as affecting the nervous system, mimicking
hormones causing reproductive problems and also causing cancer (EPA., 1999). Strong evidence
also exists for other negative outcomes of pesticide exposure which include neurological effect, birth
defects, foetal death and neuro-developmental disorder (Sanborn et al., 2007). The World Health
Organization and the United Nations Environment Programme estimate that each year, 3 million
workers in agriculture in the developing world experience severe poisoning from pesticides, about
18,000 of whom die (Miller, 2004). According to one study, as many as 25 million workers in
developing countries may suffer mild pesticide poisoning annually (Jeyaratnam, 1990). A study by
the California Department of Public Health found that women in the first eight weeks of pregnancy
who live near farm fields sprayed with organochlorine pesticides, dicofol and endosulfan are several
times more likely to give birth to children with autism (Roberts et al., 2007).

Chlorpyrifos and cypermethrin are pesticides widely used by cocoa farmers in Nigeria. These
farmers face the risk of becoming poisoned during mixing and spraying of these pesticides. They
are exposed to these chemicals through inhalation or direct contact arising from spills, splashes and
leakages.

In view of this situation, this study was carried out to evaluate the detrimental effects of
chlorpyrifos and cypermethrin, singly and in combination on reproductive physiology of male albino
rats.

MATERIALS AND METHODS
Experimental materials: The experiment was carried out in the Animal house of Genetics and
Biotechnology Department, University of Calabar, Nigeria.

Chlorpyrifos and cypermethrin were purchased from Department of Agrochemicals, Ministry
of Agriculture, Calabar.

Experimental animals/procedure: Thirty six sexually mature male albino rats of body weight
ranging from 170-200 g were purchased from the Department of Physiology, University of Calabar,
Nigeria. They were kept in aluminum cages covered with wire mesh, fed with growers mash and
allowed unrestricted access to clean water. They were handled in accordance with the guidelines
for care and use of laboratory animals as mandated by the Animal Genetics research committee of
the Department (GBT/2012/008).

The experiment was laid out in a 3x3 factorial format using Completely Randomized Design
(CRD) as shown in Table 1.

The animals were sacrificed under chloroform anesthesia 24 h after the last dose was
administered.

Estimation of sperm quality and quantity: Testes and epididymes were surgically removed and
weighed using an electronic weighing balance. The epididymes were placed in physiological saline
in the ratio of 1:10 (w/v) (Ikpeme et al., 2007) and macerated to release the sperm cells. After
pipetting, the suspension was filtered using an 80 mm stainless wire mesh and used for estimation
of the sperm parameters.
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Table 1: Completely Randomized Design (CRD)

Treatment groups No. of animal Experimental period
Chlorpyrifos 65 days
A (Omgkg™) 4

B (5 mgkg™) 4

C (10 mg kg™) 4

Cypermethrin

A Omgkg™) 4

B (5 mgkg™) 4

C (10 mg kg™) 4

Chlorpyrifos+Cypermethrin

A Omgkg™) 4

B (5 mgkg™) 4

C (10 mg kg™) 4

Estimation of sperm motility: Two drops of sperm suspension were put on a sterile slide and
cover slip placed on it. Five slides were prepared in quick succession for each sample. The number
of motile cells divided by the total number of spermatozoa counted under 40x lens was determined
and expressed in percentage (Ekaluo et al., 2013).

Determination of sperm viability: This was done using the eosin-nigrosin staining technique
(Ikpeme et al., 2007). Two drops of sperm suspension was mixed with equal volume of stain and
smeared on clean slides. Five air-dried smears were prepared for each sample and then viewed
under 40x lens of light microscope. Live sperm cells appeared white while dead ones took up the
stain and appeared pink. The number of live cells divided by the total number of cells was
expressed in percentage.

Estimation of sperm head abnormality: Two drops of sperm suspension was mixed with an
equal volume of 1% eosin Y solution, smeared on glass slides and allowed to air-dry. Five air-dried
smears were prepared for each sample and examined with 100x lens in a light microscope. The
number of abnormal sperm heads in every 200 spermatozoa was determined and expressed in
percentage (Ikpeme et al., 2007).

Estimation of sperm count: A cover slip was placed on the improved Neubaeuer (2.5%10"* mm?,
Hawksley, England) and a fine pore capillary tube was used to charge the haemocytometer with
sperm suspension (Ikpeme et al., 2007). Sperm cells were counted under 40x lens of the light
microscope and expressed in million cells mL™".

Estimation of reproductive hormones: Blood sample was collected from the rats through
cardiac puncture and centrifuged at 2500 rpm to obtain serum. Serum samples were assayed for
levels of testosterone, prolactin, Follicle Stimulating Hormone (FSH) and Luteinizing Hormone
(LH), using Enzyme-Linked Immunosorbent Assay (ELISA) kits (Diagnostic Automation Inc.).

Statistical analysis: All data obtained were subjected to analysis of variance (ANOVA) using
PASW (version 18.0). Least Significant Difference (LSD) was used to separate the means of groups
that were significant at p<0.05.

RESULTS
Weight of testes and epididymes: The result revealed that there were no significant differences
(p>0.05) between the testes weight of rats in the control and those treated with pesticide. The mean
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testes weight of rats in the control group was 1.08 while the least testes weight (0.93) was recorded
in rats administered 10 mg kg~" b.wt., of chlorpyrifos+cypermethrin (Table 2). Also, there were no
significant differences (p>0.05) between the mean epididymal weight of rats in the control and
pesticide treated groups. Least epididymal weight (0.35) was recorded in rats administered
10 mg kg~' b.wt., of cypermethrin, whereas the epididymal weight of rats in the control was
0.40 (Table 2).

Sperm quality and quantity: Mean value of sperm motility, viability and count of rats
administered pesticide treatment reduced significantly (p<0.05) and dose dependently compared
with those in the control group. In the control group, mean sperm motility, viability and count were
71.75,78.50% and 33.75 M mL !, respectively; however, their least mean values (27.00, 39.25% and
18.00 M mL™', respectively) were recorded in rats treated with 10 mg kg™' b.wt., of
chlorpyrifos+cypermethrin (Table 2). Conversely, mean sperm head abnormality increased
significantly (p<0.05) in rats treated with pesticides compared to those in the control. Rats in the
group administered 10 mg kg~ b.wt., of chlorpyrifos+cypermethrin had the highest mean sperm
head abnormality (8.88%) compared with those in the control, which had the least (4.88%).

Reproductive hormones: The result showed that pesticide treatment caused a significant
decrease (p>0.05) in Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), testosterone
and prolactin levels. The mean FSH and LH values of rats in the control group were 6.43 ng mL™"
and 9.21 mIU, respectively. The least mean value of FSH and LH (2.73 ng mL~" and 5.13 mIU,
respectively) was recorded in rats treated with 10 mg kg™ b.wt., of chlorpyrifos. Furthermore,
mean testosterone and prolactin values of rats in the control group were 1.58 and 1.18 ng mL™*
respectively, whereas the least testosterone (0.15 ng mL™") and prolactin (0.93 ng mL™") values
were recorded in rats treated with 10 mg kg~ b.wt., of chlorpyrifos+cypermethrin (Table 3).

Table 2: Epididymal sperm parameters and organ weight of control and pesticide treated rats

Chlorpyrifos Cypermethrin Chlorpyrifos+cypermethrin
SPEII s e eeceieoios eeeeececeeeees
parameters A B C A B C A B C
Motility (%) 71.75+1.54° 47.25+3.75" 45.50+2.72" 71.75+1.54° 47.50+2.10" 43.00+1.83" 71.75+1.54° 31.50+1.55* 27.00+2.67°
Viability (%) 78.50+1.44% 53.75+1.75" 47.75+2.29" 78.50+1.44% 49.50+1.85" 46.50+3.42% 78.50+1.44% 41.50+£1.76* 39.25+2.17%
SHAT (%) 4.88+0.43° 6.13+0.75*°  6.50+0.35° 4.88+0.43° 7.13+0.85" 8.50+0.79" 4.88+0.43"  7.13+0.55°" 8.88+0.89"

Count 33.75+1.19° 27.00+1.24° 23.00+0.79° 33.75+1.19° 21.00+0.75* 18.38+1.09° 33.75+1.19° 20.38+1.09* 18.00+0.98*
M mL™)
Testes 1.08+0.03*  1.03+0.03*  1.03+0.00* 1.08+0.08" 1.05+0.03* 1.05+0.03* 1.08+0.03* 1.05+0.03* 0.93+0.03*
weight (g)

Epididymes  0.40+0.00° 0.38+0.03*  0.40+0.00° 0.40+0.00°  0.38+0.03*  0.35+0.03" 0.40+0.00*  0.40+0.00°  0.40+0.00"
weight (g)

Values are presented as Mean+SEM. Means followed by the same case letter along the horizontal array indicate no significant difference
(p>0.05). A: Control (0 mg kg~ b.wt.,), B: 5 mg kg~ b.wt., of pesticide, C: 10 mg kg™ b.wt., of pesticide

Table 3: Reproductive hormones of control and pesticide treated rats
Chlorpyrifos Cypermethrin Chlorpyrifos+cypermethrin

Parameters A B C A B C A B C

FSH (ng mL") 6.43+0.03%  4.47+0.03°  2.73+0.08" 6.43+0.03%* 4.10+0.05" 3.32+0.03" 6.43+0.03* 5.02+0.05'  3.66+0.02°
LH (mIU) 9.21+0.10  6.21+0.02"  5.13+0.02" 9.21+0.10° 7.30+£0.02° 6.01+0.31" 9.21+0.10° 7.36+0.02°  6.42+0.03"
Testosterone  1.58+0.03°  1.48+0.03°  1.15+0.05" 1.58+0.03° 1.60+£0.04° 1.28+0.03° 1.58+0.03° 1.18+0.03" 0.15+0.03
(ng mL™Y)

Prolactin 1.18£0.03°  1.08+0.03™ 1.03+0.03* 1.18+0.03° 1.08£0.03* 1.08+0.03*® 1.18+0.03° 0.98+0.02°  0.93+0.04"
(ng mL™Y)

Values are presented as Mean+tSEM. Means followed by the same case letter along the horizontal array indicate no significant difference
(p>0.05). A: Control (0 mg kg™’ b.wt.,), B: 5 mg kg™ b.wt., of pesticide, C: 10 mg kg~ b.wt., of pesticide, FSH: Follicle stimulating hormone,
LH: Leutinization hormone
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DISCUSSION

Indiscriminate use of these pesticides has triggered serious health and environmental concerns.
This study was therefore designed to evaluate detrimental effects of these chemicals on
reproductive physiology of male albino rats.

The result obtained showed that pesticide treatments had no significant reduction (p>0.05) on
testicular and epididymal weights of rats. The decrease in weight of testes may be due to reduction
in tubule size, decrease in number of germ cells or elongated spermatid (Choudhary et al., 2008).
Decrease in organ weight may also be as a result of decrease in level of serum testosterone,
FSH and LH as observed in this study, which is also in agreement with the findings of others
(Wang et al., 2009).

The result for sperm analysis revealed that pesticide treatments significantly (p<0.05) reduced
epididymal sperm motility, viability and count, whereas, sperm head abnormalities increased
significantly. Reduction in sperm count of treated rats may be due to decrease in serum
testosterone level as seen in this study. This is because low testosterone production could result in
suppression of spermatogenesis. Inhibition of spermatogenesis may also be as a result of low FSH
and LH levels (Sharma et al., 2014). The decrease in sperm count is in consonance with the findings
of other researchers (Assayed et al., 2008; Zidan, 2009; Liu et al., 2010; Joshi et al., 2011).
Furthermore, reduction in sperm motility could be due to decreased mitochondrial activity, altered
fructose synthesis or corrosion of microtubule structure of spermatozoan (Okamura et al., 2005;
Uzunhisarcikli et al., 2007). The inhibition of sperm motility in pesticide treated rats could be
because of low ATP level (Bai and Shi, 2012; Heikal et al., 2014). Interestingly, reduction in sperm
viability corroborates the decrease in sperm motility. This reduction could be due to the impact of
pesticides on the epididymes of treated rats (Oyeyipo et al., 2011). Sperm abnormalities induction
indicates point mutations in germ cells (Narayana et al., 2002). These abnormalities usually occur
during transit, maturation and storage (Tulsiani et al., 1998). Reactive oxygen species is induced
by these chemicals and is known to adversely affect sperm motility, viability and increase sperm
head abnormalities (El-Demerdash et al., 2004; Kumar et al., 2004; Joshi et al., 2011). The decrease
in sperm motility, viability and increase in sperm head abnormalities are in conformity with the
reports of Zidan (2009), Sai et al. (2014) and Sharma et al. (2014).

Reductions in FSH and LH on exposure to pesticide have been previously reported (Biswas and
Ghosh, 2004; Pareek et al., 2007). Decrease in testosterone, prolactin, FSH and LH was also
observed in animals treated with chlorpyrifos, cypermethrin and the combination. Concurrent
decrease in these hormones reveals extra testicular target by pesticides (Sharma et al., 2014). This
reduction suggests that pesticides may also affect the hypothalamus pituitary axis (Sharma et al.,
2014). The LH stimulates leydig cells to produce testosterone and so, decrease in LH may also be
a contributing factor to low testosterone production. Moreover, low testosterone, FSH and LH levels
inhibit effective spermatogenesis and development of seminiferous tubules, thus causing infertility
(Monet-Kuntz et al., 1984).

Conclusively, the present study shows that chlorpyrifos and cypermethrin, singly and in
combination had adverse effects on the reproductive physiology of male albino rats. However,
further investigation should be carried out to assess and confirm the interaction of these pesticides
on a broader range of physiological and histological parameters.
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