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ABSTRACT

The present work was designed to investigate the reproductive toxicity induced by oral
administration of chlorpyrifos (CPF), cypermethrin (CYP) and their combination in adult male
albino rats. Forty mature male albino rats were separated into four groups (10 each), the first group
was used as control, while second, third and fourth groups received orally 1/20 LD50 of CPF (10
mg/kg b.we), 1720 LD50 of CYP (17.22 mg/kg b.wt) and 1/40 LD50 of CPF plus 1/40 LD50 of CYP
(5 mg/kg b.wt CPF plus 8.61 mg/kg b.wt CYP) respectively for 26 days. The results revealed that
exposure to CPF and/or CYP induced a significant decrease in the reproductive organs weight.
Moreover, a significant decrease in spermatic picture (sperm cell concentration and viability) was
observed with high percent of sperm abnormalities. Serum levels of testosterone and pituitary
gonadotropins (FSH and LH) have been declined significantly in all treated groups. Significant
elevations were observed in malondialdehyde and nitric oxide concentrations, while antioxidant
engymes superoxide dismutase and glutathione-S-transferase activities were decreased significantly
as a result of induced oxidative stress. A significant drop in prostatic acid phosphatase activity was
observed. Additionally, the results showed some histopathological alterations in the reproductive
organs as well as neurological lesions in brain and pituitary glands. In conclusion, CPF and CYP
induce deleterious effects on reproductive efficiency of male rats which reflect more obvious impacts

when both combined.

INTRODUCTION

Pesticides are group of chemicals that
have been used for eradication of harmful pests
in agricultural and other domestic applications
to improve crops yield for enhancing food
production and controlling disease vectors.
Although the global need of pesticides due to
their benefits in general, they induce serious
environmental pollution and health hazards
under continuous uncontrolled application
(Fang et al., 2013; Ikpeme et al.,, 2016).
Pesticides are considered potent toxicants for
reproductive health in humans and animals
which may induce male infertility (Ezeji at al.,
2015).

Chlorpyrifos (CPF) is an effective broad
spectrum organophosphate insecticide that is

commonly used in agricultural, domestic and
industrial purposes (Heikel et al., 2014). It is
moderately hazardous class 1I insecticide
(WHO, 2010). The oral LDsy of CPF in adult
male rats is 200 mg/kg b.wt (Savithri et al
2016). CPF elicits 1its toxicity through
inhibition of acetylcholinestrase enzyme and
accumulation of acetylcholine in the synapses
leading to hyper excitability of the cholinergic
receptors. Also, CPF can exert its toxic effect
via non-cholinergic pathways such as, inducing
of oxidative stress (Ogutcu et al.,, 2008;
Heikal et al., 2013). CPF is a potent toxicant
affecting male reproductive system via
modulating weight of reproductive organs as
well as sperm parameters (count, motility,
viability and morphology). Also, CPF is
considered an endocrine disruptor through its
effect on reproductive hormones. Also, CPF
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induces testicular damage which manifested by
alteration of testicular histoarchitecture in
response to oxidative stress induced with
repeated exposure which may affect male
fertility (Joshi et al., 2007; Kenfack et al.,
2015; Savithiri et al., 2016; Alaa-ELdin et
al., 2017).

Cypermethrin (CYP) is one of effective
type Il synthetic pyrethroids, is widely used to
control various pests in agricultural and other
domestic purposes, such as pests of cotton,
fruit and vegetable crops (Sharma et al.,
2014). CYP has a - cyano group at the a-
carbon of ester linkage, thus Type I
pyrethroids is more potent neurotoxic than type
I. Its oral LDsg is 344.45 mg/kg b.wt in adult
male rats (Hummdi et al.,, 2016). CYP acts
mainly by delaying the closure (prolonged
opening time) of voltage-gated sodium
channels (VGSCs) and thus increases the Na'
influx, which consequently depolarizes the cell
membrane resulting in  over excitation
(Soderlund, 2012). CYP can elicit a wide
range of reproductive toxic alterations in
weight of reproductive organs, reduction in
functional sperms as well as in levels of sex
hormones and changes in testicular histology
through induced oxidative stress (Joshi et al.,
2011; Noaishi et al., 2012; Sharma et al.,
2014; Alaa-ELdin et al., 2017).

Previous studies proved that the
irreversible  inhibition of  esterases by
organophosphates leads to inhibition of activity
of carboxylase enzymes responsible for
hydrolysis of pyrethroids and consequently
slowing down its biotransformation and
excretion, thus, synergistic effect between
organophosphates and pyrethroids may be
expected (Wielgomas and Krechniak, 2007).
It was found that CPF and CYP elicit potent
damage when used in combination rather than
separate use on the reproductive function of
exposed species including significant reduction
in sperm parameters with significant increase
in sperm head abnormalities. Furthermore,

serum levels of sex hormones were
significantly declined (Zhou et al.,, 2011;
Noaishi et al., 2012; Ikpeme, 2016; Alaa-
ELdin et al., 2017).

The main goal of the current work is to
investigate the individual and joint effect of
CPF and CYP on the genital system of adult
male albino rats.

MATERIALS AND METHODS

1. Chemicals

Ictafos 48% EC (Chlorpyrifos 48% EC)
was purchased from Bagera Chemical
Azwand Estres Co. India.

Ustaad 10% EC (Cypermethrin 10% EC)
was purchased from United Phosphorous
Limited Co. Mumbai, India.

2. Experimental animals and design:

Forty mature male albino rats (250 =20 g
with 4.5 months old), were purshased from The
Unit of Experimental Animals, Faculty of
Veterinary Medicine, Zagazig University,
Egypt. The animals were apparently clinically
healthy. They were placed in plastic cages with
wood shavings as bedding and kept under
controlled conditions (23=1 °C, 12 h light /dark
cycle). Rats were supplied with standard
laboratory pelleted diet and water ad libitum.
After 2 weeks accommodation period, animals
were distributed into four groups (n=10): The
first group used as control and received 0.5 ml
distilled water orally. The second, third and
fourth groups received 10 mg/kg b.wt (1/20
LDso) CPF, 17.22 mg/kg b.wt (1/20 LDsg) CYP
and 5 mg/kg b.wt CPF + 8.61 mg/kg b.wt CYP
(1/40 LDs for each), respectively every other
day for 26 days. Rats were kept under daily
observation until the end of experimental
period.
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3. Sample collection and tissue preparation:

Animals were sacrificed at the end of the
experimental period then fresh blood was
immediately collected via cardiac puncture
(Ekaluo et al, 2013). Clear sera were
separated carefully and stored at -20°C until
estimation of sex hormones and acid
phosphatase enzyme. Testes were homogenized
in ice cold phosphate puffer saline (PBS), PH
7.4, and centrifuged at 3000 rpm for 15
minutes at 4°C. The supernatant was collected
carefully and stored at -20°C until evaluation of
oxidative stress according to (Ferdandez-
Botran et al. 2002).

Reproductive organs (testes, epididymis
and reproductive glands) were dissected out,
washed in cold ice saline and weighted for
calculation of index weight (IL.LW). LW was
calculated according to Bearden and Fuquay
(1980).

Index weight (I.W) = (organ weight / body
weight) x 100

Sperm count was evaluated according to
Beadern and Fuquay (1980) using a modified
formula:

Sperm concentration/ml= X w 400 % 200 x 10 % 1000
BQ

Live and dead sperms were expressed as
a percent and sperm abnormalities were
determined according to Ikpeme et al. (2007).

Serum samples were analyzed for
reproductive hormones by solid phase enzyme-
linked immunosorbent technique (ELISA)
according to the instructions of manufacture.
Testosterone was estimated according to Chen
et al. (1991), LH was analyzed according to
Knobil (1980) and FSH was analyzed
according to Johnson et al. (1983).

Tissue homogenates were analyzed using
enzymatic colorimetric method according to
the manufacturer’s instructions. MDA, an
indicator for lipid peroxidation, was measured
according to Satoh (1978), Superoxide
dismutase activity was determined according to
Nishikimi et al. (1972) and glutathione-S-

transferase activity was determined according
to Habig and Pabst (1974). Nitric oxide
concentration was estimated according to
Montgomery and Dymock (1961). While
serum acid phosphatase was analyzed
according to Kind and King (1954).

4. Histopathological examination:

Specimens from reproductive organs
(testes, epididymis, genital glands), brain and
pituitary gland were collected and fixed in
neutral buffered formalin10% for
histopathological examination. Sections of 5
micron thickness were prepared from collected
specimens, stained by (H&E) and then
examined by ordinary microscope according to
Suvarna et al. (2012).

5. Statistical Analysis:

Data were analyzed statistically by using
statistical ~software program (SPSS for
Windows, version 20, USA).

RESULTS

Results revealed a significant decrease in
index weight of testes, epididymis and genital
glands in all treated groups compared to the
control one. Results are shown in Table (1).

Regarding sperm parameters, our results
elicited a significant reduction in sperm count
and viability of all exposed groups compared to
control group with additional significant
reduction in CPF plus CYP treated group. CYP
and CPF treated groups showed significant
variation in sperm viability. Results are shown
in Table (2).

Our data showed a significant elevation
in the percent of sperm abnormalities in all
exposed groups compared to control group
with additional significant elevation in CPF
plus CYP treated group. Results are shown in
Table (2). Types of sperm abnormalities are
presented in Table (3).
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Table 1: Index weight of reproductive organs of treated rats with CPF, CYP and their combination
(Mean = SE), (n=10):

Groups Testicul.ar Index Epididymal Reproductivcf glands
weight Index weight Index weight
Control 0.540" + 0.009 0.207*+ 0.0124 0.794* + 0.061
CPF (1/20 LDsj) 0.448°+0.012 0.167°+0.0122 0.551°+ 0.047
CYP (1/20 LDs) 0.465°+0.018 0.174° + 0.006 0.531°+0.027
CPF+CYP (1 /40 LDs of each) 0.446° £ 0.019 0.153°+0.011 0.476°+ 0.046

The means in the same column having the same superscript were not significantly different (P<0.05).

Table 2: Sperm count, viability and abnormalities of treated rats with CPF, CYP and their combination
(Mean= SE), (n=10):

Sperm viability
(%)

Sperm count
(10°/ ml)

Sperm

Groups abnormalities (%)

Control

245.00" = 13.84

88.90° £2.316

7.30°+0.831

CPF (1/20 LDso)

200.00° £ 10.54

72.70° + 3.062

50.10° + 3.433

CYP (1/20 LDso)

190.00°+ 17.95

49.90°+2.311

54.00° + 3.365

140.00° = 12.47

32.40%+ 3.091

66.90* + 1.797

CPF+CYP (1 /40 LDs of each)

The means in the same column having the same superscript were not significantly different (P<0.05).

Table 3: Types of Sperm abnormalities of treated rats with CPF, CYP and their combination:

i h
Detached Coiled Abnormal Detac. ed Bent tail | Coiled tail
head head head tail
CPF (1/20 LDsp) 22 % 5% 4% 24 % 26 % 19 %
CYP (1/20 LDsy) 19 % 2% 4% 24 % 27 % 24 %
PF+CYP (1 /4 f
CPE+CYP (1 /40 of | g, 3% 5% 25% 26 % 16 %
LDs, each

Mansoura Vet. Med. J. Vol. 19, No. 1, 2018
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Fig. 1: Sperm abnormalities in treated rats with CPF, CYP and their interaction (A) Normal sperm (control)
(B) Abnormal head (C) Coiled tail (D) Coiled hock (E) Brocken tail  (F) Double head (green
arrow), Detached head (black arrow) and Detached tail (red arrow) (G) Coiled head (black
arrow) and banana-shaped head (blue arrow) (H) Detached tail (I) Bent tail.

control group with additional significant decline
in their levels in CPF plus CYP treated group
(1/40 LDsy each) compared to other treated
groups. Results are shown in Table (4).

Concerning reproductive hormones, the
current results revealed a significant decline
in the serum levels of testosterone hormone,
FSH and LH in all treated groups compared to

Mansoura Vet. Med. J. Yol. 19, No. 1, 2018
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Table 4: Serum levels of reproductive hormones of treated rats with CPF, CYP and their combination

(Mean + SE), (n=10):

Testosterone FSH LH
Groups
(ng/ml) (mlU/ml) (mlU/ml)
Control 2.033*+£0.162 0.104" £ 0.009 0.278* £ 0.007
CPF (1/20 LDs) 0.966"+ 0.094 0.060°+ 0.006 0.225° + 0.008
CYP (1/20 LDsy) 1.012° + 0.097 0.072" + 0.006 0.229° + 0.009
CPF+CYP (1 /40 LDs, of each) 0.523°+0.036 0.026° + 0.003 0.189°+ 0.006

The means in the same column having the same superscript were not significantly different (P<0.05).

The results showed a significant increase in
the level of malondialdehyde (MDA) of all
treated groups compared to control group. A
significant elevation was observed in the level of
MDA in CPF plus CYP treated group compared
to other treated groups.

The results revealed a significant reduction
in the activity of SOD enzyme of all exposed
groups compared to the control one. Additional
significant reduction was observed in the activity
of SOD enzyme in CPF plus CYP exposed group
compared to other exposed groups.

Our results revealed a significant decrease
in GST enzyme activity in all administerated
groups compared to control group with
significant variations among all treated groups.

The results indicated a significant increase
in the level of NO in all treated groups compared
to control group. Highest increase in testicular
NO level was observed in CPF plus CYP treated
group. Results are shown in Table (5).

Table 5: Testicular oxidative stress of treated rats with CPF, CYP and their combination (Mean+ SE),

(n=10):
Lipid Peroxide Superoxide Glutathione-S- Nitric Oxide
Groups (MDA) dismutase (SOD) | Transferase (GST) NO)
(nmol/g tissue) (U/g tissue) (U/g tissue) (umol/L)
Control 3.80°+0.388 139.10% £ 5.295 382.30"+4.333 24.40°+ 1.024
CPF (1/20 LDsp) 7.50° £ 0.500 114.60°+ 3.933 285.00° + 6.439 33.90° +2.141
CYP (1/20 LD50) 8.60° £+ 0.476 108.70° + 3.330 305.20° + 8.673 35.30° + 2.409

CPF+ CYP (1/40 LD50 of
each)

10.90°+ 0.657

94.50° + 6.127

280.60° + 7.254

45.20" + 3.402

The means in the same column having the same superscript were not significantly different (P+.0.05).

Mansoura Vet. Med. J.

Yol. 19, No. 1, 2018



Asmaa M. ElInamaky. et al...

75

The results evoked a significant increase
in the activity of total acid phosphatase
enzyme with a significant decrease in the
activity of Prostatic acid phosphatase enzyme
in all exposed groups compared to control

group. A significant decrease in the activity of
Prostatic acid phosphatase enzyme was
observed in CPF plus CYP treated group
compared to other treated groups Results are
shown in Table (6).

Table 6: Total and prostatic acid phosphatase activity of treated rats with CPF, CYP and their combination

(Mean+ SE), (n=10):

Groups Total acid phosphatase (U/L) | Prostatic acid phosphatase (U/L)
Control 77.50° + 3.697 36.90° + 0.737
CPF (1/20 LDsp) 80.50" £ 2.986 30.50° + 1.759

CYP (1/20 LD50)

83.30" +2.344

26.80°+ 2.009

CPF+ CYP (1/40 LDy of each)

88.20" +2.444

11.80°+ 1.041

The means in the same row having the same superscript were not significantly different (P=20.05).

Histological findings:

Fig. 2: Section from brain of rats
chlorpyrifos (1/20 LDsy) for 26 days,
showing chromatolysis of neurons (loss of
Nissl granules containing neurotransmittors)

(arrow). (HE, 100X)

received orally Fig. 3: Section from brain of rats received orally

CPF+CYP (1 /40 LDs of each) for 26 days,
showing gliosis (arrow) and neuronal
necrosis (arrow head). (HE, 400X)
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orally cypermethrin (1/20 LDs) for 26 days,
showing degeneration of epithelial cells of
pars distalis (arrow). (HE, 400X)

Fig. 4: Section from pituitary gland of rats received Fig. 5: Section from pituitary gland of rats received

orally CPF+CYP (1 /40 LDs, of each) for 26
days, showing apoptosis of epithelial cells of
pars distalis (arrow). (HE, 400X)

cypermethrin  (1/20 LDsy) for 26 days,
showing degenerative changes of
spermatogenic epithelium lining
seminiferous tubules (arrow). (HE, 100X)

Fig. 6: Section from testis of rats received orally Fig. 7: Section from testis of rats received orally

CPF+CYP (1 /40 LDsj of each) for 26 days,
showing degeneration of Sertoli cells in
seminiferous tubules (arrow head) with

edema of interstitial capillaris (arrow). (HE,
400X)

Mansoura Vet. Med. J.
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Fig. 8: Section from epididymis of rats received Fig. 9: Section from seminal vesicles

orally CPF+CYP (1/40 LDs, of each) for 26
days, showing histiocytic  infiltrates
(esinophilic infiltration) in interstitial tissue
and its lumen slightly have spermatozoa
(arrow). (HE, 400X)

DISCUSSION

Extensive use of environmental chemicals
including pesticides without control is
considered a potent hazard for serious
environmental pollution and health threats
including interference with male reproductive
system which may impair male fertility
(Sharma et al., 2014; Ikpeme et al., 2016).
CPF and CYP can elicit variable degrees of
reproductive toxicity in exposed animals
(Elbetieha et al. 2001; Joshi et al 2007, Joshi
et, 2011; Fang et al., 2013; Sharma et al.,
2014; Sai et al., 2014). Not only exposure to
pesticides as a mixture can generally produce
significant synergistic toxicity on target
organisms, but also they are considered
hazardous to non-target species in most cases
(Ben Abdallah et al. 2010; Zhou et al., 2011).
Only few studies examined joined reproductive
toxicity of CPF and CYP Zhou et al. (2011);
Maharajan et al. (2015); Ikpeme et al. (2016)

of rats
received orally CPF+CYP (1/40 LDs, of
each) for 26 days, showing hyperplasia of
epithelial lining with normal eosinophilic
secretion in the lumen (arrow). (HE, 400X)

and Alaa-Eldin et al. (2017) who
demonstrated that the reproductive toxicity in
case of co-exposure to both chemicals was
more pronounced than single administration of
each. The current work is applied to assess the
individual and joint effects of CPF and CYP on
the reproductive system of adult male albino
rats.

The present results revealed that exposure
to CPF or CYP evoked significant reduction in
reproductive organs index weight (testes,
epididymis and genital glands). Change in
organs weight is one of valuable indicators for
reproductive toxicity (Sai et al., 2014). CPF
and CYP exert their suppressive effects on
testicular function that may lead to infertility
through direct cytotoxic effect on testes
through depression of steroid biosynthesis in
Leydig cells (EL-Kashoury and Tag EL-Din,
2010; Joshi et al.,, 2011). Reduced serum
levels of sex hormones (testosterone, FSH and
LH) after CPF and CYP exposure due to direct
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effect at hypothalamic or pituitary through
inhibition of hypothalamo-hypophyseal axis
resulting in low level of gonadotropins (FSH
and LH) that affect testosterone synthesis and
secretion (Ikpeme et al. 2016; Alaa-Eldin et
al.,, 2017) that 1is illustrated by severe
neurological lesions in brain and pituitary
gland induced by co-exposure, as both
compounds are potent neurotoxicants, as CPF
is considered neuroendocrine disruptor that
inhibits  acetylcholinesterase, resulting in
accumulation of acetylcholine at the
cholinergic receptors in the nervous systems.
Also, Induction of oxidative stress is another
way for CPF to exert its toxic effects (Umosem
et al,, 2012). CYP is a lipophilic compound
thus can cross the blood-brain barrier and
secreted in blood circulation inducing
alterations in plasma membrane, increasing
lipid peroxidation (Khan, 2009). Anti-
androgenic activity of CYP 1s through
inhibition of testicular enzymes necessary for
testosterone biosynthesis, such as 178-
hydroxysteroid dehydrogenase and glucose-6-
phosphate dehydrogenase (Joshi et al., 2011),
competitive  interaction  with  androgen
receptors and sex hormone- binding globulin
(SHBG) causing disurbance in endocrine
system by inhibitory effect on hypothalamo-
pituitary-testis axis (Fang et al, 2013) or
inhibition of dihydrotestosterone (DHT)-
induced androgen receptor through direct effect
on the testes that affect the androgen
biosynthesis in Leydig cells (Ahmed et al.
(2012). The decline in the epididymal and
accessory genital glands weight could be linked
to that of the testis as they are androgen-
sensitive organs, depend on testosterone level.
Testosterone is essential for their growth and
function, so that a reduction in their weights
may reflect a reduction in androgens
bioavailability and production (Zidan., 2009;
Heikel et al., 2014). Accumulation of CYP in
testes induces oxidative stress responsible for
decreasing weight of reproductive organs

(Sharma and Singh, 2010) that is confirmed
by degenerative changes of spermatogenic
epithelium lining seminiferous tubules. CPF
and CYP are considered as endocrine
disruptors, decrease serum testosterone level as
well as FSH and LH levels. Steroidogenesis
process is regulated by hypothalamo-
hypophyseal axis, that might be disrupted by
toxic effect of each compound which lead to
suppression of spermatogenesis as well as
development of seminiferous tubule, so the
inhibition of spermatogenesis is resulting in
reduction of sperm count (Elbetieha et al.
2001; EL-Kashoury and Tag EL-Din, 2010;
Dutta and Sahu, 2013; Sharma et al., 2014;
Alaa-Eldin et al., 2017). Co-exposure to CPF
and CYP caused excess reduction in
reproductive organs weight with low level of
sex hormones (testosterone, FSH and LH) than
each pesticide alone that confirmed by
histological alteration that showed
degeneration of Sertoli cells in seminiferous
tubules with edema of interstitial capillaries.
Also, epididymis  showed  esinophilic
infiltration in interstitial tissue and its lumen
slightly has spermatozoa as well as hyperplasia
of epithelial lining seminal vesicles with
normal eosinophilic secretion in the lumen.
Organophosphate pesticides are able to cross
the blood—testicular barrier and cause the
degeneration of the spermatogenic epithelium
and Leydig cells (Uzun et al., 2009). These
findings are in coordination with (Mosbah et
al., 2014; Maharajan et al., 2015; Ikpeme et
al., 2016; Alaa-Eldin et al., 2017).

The current results showed a significant
reduction in sperm parameters (count and
viability) with marked increase in percent of
sperm abnormalities after CPF or CYP, while
co-exposure showed more significant alteration
in sperm parameters. The action of CPF and
CYP as endocrine disruptors, decreased serum
levels of sex hormones (testosterone, FSH and
LH) which resulted in suppression of
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spermatogenesis and  development  of
seminiferous tubule leading to reduction of
sperm count (Sharma et al., 2014; Alaa-Eldin
et al., 2017). Accumulation of CPF and CYP in
the reproductive organs may accelerate
oxidative stress and produce high levels of
reactive oxygen species (ROS) resulting in
decrease cell viability and deterioration in
sperm parameters through interference with
differentiation of spermatozoa and DNA damage
that may be associated with male infertility
(Yao and Wang, 2008; Al-Hamdani and
Yajurvedi, 2010; Sharma et al., 2014).

Oxidative stress is the disturbance in
balance between the formation of free radicals
(redox) and the ability of cells to protect itself
against induced damage. It occurs due to either
over production of ROS or impairment
capacity to repair oxidative damage through
insufficient antioxidant defense mechanism.
Damage persuaded by ROS includes
deleterious changes in cellular macroelements
such as membrane lipids, proteins or DNA.
The damage may inhibit cell function through
changes in intracellular calcium or intracellular
PH, and eventually leading to cell death
(Heikel et al., 2014; Savithri et al., 2016).
Testicular damage caused by CPF and CYP is
originated by the formation of free radicals that
is an evident for degradation of total lipids and
generation of lipid peroxide that expressed in
high level of testicular malondialdehyde
(MDA). MDA is one of the chief oxidative
products of polyunsaturated fatty acids
peroxidation, thus increased MDA level is
valuable indicator of lipid peroxidation leads to
membrane damage and impairment of cellular
function (Atessahin et al. 2005; Kalender et
al., 2012; Sharma et al., 2014). Results
showed insufficient antioxidant defense
mechanism such as testicular SOD and GST
after CPF and/ or CYP exposure might reflect
cellular oxidative stress. SOD is considered the
first effective way of defense against

deleterious effects of ROS in the cell which is

responsible for protection of cells. Both
enzymatic and non-enzymatic  defense
mechanisms are employed by the living

organisms to scavange the cellular damage,
resulting from interactions between cellular
constituents and the ROS. The oxidative stress
induced by CPF and CYP may have depleted
cellular SOD level caused by reduction in its
biosynthesis or elevation its degradation or
inactivation (Wang et al. 2009; Shittu et al.,
2012; Sharma et al., 2014; Savithri et al.,
2016). GST is one of phase-II detoxifying
enzyme that catalyzes the conjugation of a
variety of electrophilic substrates to thiol group
of GSH, producing less toxic metabolites
(Mansour and Mossa, 2010). Previous studies
reported a significant decrease in the GST
activity with exposure to CPF and CYP (Khan
and Kour, 2007; Kalender et al., 2012;
Sharma et al., 2014).

The results showed a significant increase
in the level of Nitric Oxide (NO) in treated rats
especially at co-exposure to CPF and CYP.
Nitric Oxide is synthesized from an essential
amino acid L-arginine produced by various
cells in different organs under control of iso-
enzymes nitric oxide synthetase (NOS)
(Oyeyipo et al., 2015). Nitric Oxide is one of
ROS which is contributed in various signaling
mechanisms in many tissues and plays a major
role in the control of gonadal functions. Very
low amount of NO in semen has a role in
regulation of normal sperm functions, whereas
high levels of NO cause deleterious effect on
sperm function and viability. NO donor
molecules  inhibited GnRH  which s
responsible for LH release from the anterior
pituitary so, inhibition of NOS facilitates LH
release from pituitary gland (Singh and
Chaturvedi , 2013). Previous studies
demonstrated that CPF and CYP increased the
nitric oxide concentration (Wang et al., 2009;
ELelaimy et al., 2012). A significant decline
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in Acid phosphatase activity was found in
testicular tissue of CPF and/or CYP treated rats
reflecting inhibition in testicular function and
indicating suppression of spermatogenesis
(Dutta and Sahu, 2013). Acid
phosphatase is responsible for hydrolyzing
orthophosphoric acid esters in an acid medium.
The testicular acid phosphatase gene is up
regulated by androgens and is down-regulated
by estrogens (Yousef et al. 2001), CPF
induced cell damage resulted in the release of
acid phosphatase into the blood stream, hence
reducing its level in the reproductive tissue.
Previous studies reported a significant decrease
in the acid phosphatase activity (Abraham and
Wilfred, 2000; EL-Kashoury; 2009; EL-
kashoury and Tag EL-Din, 2010; Dutta and
Sahu; 2013). CYP evoked a significant
elevation in serum level of acid phosphatase
labialization of lysosomal system (Johal et al.,
2003; Joshi et al., 2011).

CONCLUSION

An excessive exposure to CPF and CYP
without restriction evoked deleterious changes
in male reproductive system that may induce
infertility. CPF and CYP impaired the
reproductive functions through reduction of
reproductive organs weight, in addition to
alternative changes in the reproductive
parameters such as sperm count, viability and
morphology with deleterious effects on
architecture of reproductive tissues. Alteration
is more prominent in co-exposure to CPF and
CYP so, the effect of both in a combination is
more potent than using each as individual
compound.
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