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ABSTRACT 
The current study was performed to assess the risk and hazards of oral & dermal 

exposure to chlorpyrifos & cypermethrin mixture based on some reproductive & 

endocrine impaired parameters as well as histopathological alterations & 

histomorphometric study. Eighty-five Wister male rats (weighing 130-150g) were 

randomly classified into four groups (a, b, c and d). Each of group (a) and (b) were 

further subdivided into 5 subgroups used for determination of the oral and dermal 

LD50. While group (c) and (d) were classified into 3 subgroups which were used for 

oral and dermal treatments respectively. The first subgroups of (c) and (d) were 

considered as control. Rats of two subgroups (c) treated orally by 2 doses 4.26 mg/kg 

(1/20 LD50) and 2.84 mg/kg(1/30 LD50). Rats of two subgroups (d) treated by dermal 

application of 2 doses70.85mg/kg (1/30 LD50) and 42.51 mg/kg (1/50 LD50). The 

experiment was conducted for 65 consecutive days. The results revealed that, the 

tested pesticides mixture caused a significant reduction in reproductive organs 

weights, sperm count, sperm motility percent, alive sperm percent, 

pseudocholinesterase and serum testosterone levels in all treated groups especially the 

dermally treated groups (P≤0.05), moreover there was azoospermia in most of the 

group of rats treated with high dermal dose. The treated groups showed a significant 

increase in sperm abnormalities and composite score which represent sperm DNA 

fragmentation. Moderate to severe histopatholoical alterations were detected in testis 

and epididymis of treated rats in a dose and route dependant manner in the form of 

germ cell desquamation, multinucleated giant cells formation and leydig cell 

vacuolization with disturbance in spermatogenesis. Moreover the histomorphometric 

parameters analysis detected significant (P≤0.05) reduction of diameter, thickness, 

endothelium height & lumen of seminiferous tubules and also significant reduction of 

sertoli cell population. There was significant increase of blood vessel wall thickness. 

These results indicated that the tested formulation had synergistic effects and induced 

significant harmful effects on male reproductive system which were more pronounced 

with dermal exposure.  

Key words: chlorpyrifos, cypermethrin, reproductive toxicity, male rats, 

testosterone, Histomorphometry. 

  

INTRODUCTION 

Pesticides are a key element of pest 

management programs in modern 

agriculture to increase the levels of 

production (Repetto & Baliga, 

1996).The use of insecticide 



Mahmoud et al.                                                                                                           62 
 

Egypt J. Forensic Sci. Appli. Toxicol                                       Vol 16 (1) June 2016 

combinations in agricultural pest 

control is on the increase due to the 

challenges posed by insecticide 

resistance to the existing chemicals 

.Thus the use of pesticides mixtures has 

been increased in developing countries 

(Committee on Toxicity of 

Chemicals, 2002) which necessitated 

accurate identification of their potential 

hazards to human and animal health 

(Bolognesi, 2003). 

The potentiated effects of 

pesticides mixtures were studied for 

atrazine, chlorpyrifos and 

chlorothalonil (DeLorenzo & Serrano, 

2003)as well as cypermethrin, 

quinolphos and linuron (Chauhan et 

al., 2005) indicated that pesticide 

mixtures showed an increase in the 

frequency of toxicities and damage. 

The emphasis on the exposure by the 

oral route does not generally apply to 

workers that are exposed primarily by 

the dermal route through handling 

pesticides or re-entering treated fields 

(Shadnia et al., 2007) & (John et al., 

2001). 

This study was performed to 

determine the hazards of a new 

pesticide formulation (Clorthan 29% 

EC) which is locally made and w 

assaled as pesticide ready to use in 

agricultural pest control in Egypt. 

Study the toxicity of this new mixture 

is mandatory for its hazards 

identification. The pesticide 

formulation consists of two traditional 

pesticides chlorpyrifos and 

cypermethrin. 

Cypermethrin is a class of synthetic 

pyrethroids which have many 

applications in agriculture, medicine, 

and veterinary practices. Exposure to 

pyrethroids has increased recently due 

to regulatory restrictions on other 

insecticides usage, its high efficacy 

against target species and their 

relatively low mammalian toxicity and 

rapid biodegradation (Power & 

Sudakin, 2007). 

Exposure to cypermethrin caused 

ill health effects such as severe 

giddiness, neonatal deaths, skin and eye 

disorders and congenital defects. 

Cypermethrin can also cause a range of 

neurotoxic, genotoxic, immunotoxic 

effects and reproductive toxicity in 

many experimental systems (Yousef et 

al., 2003a).In addition, (Yousef et al., 

2003b).showed that cypermethrin has 

pronounced effects in several 

physiometabolic functions including 

body weight, food intake, testosterone 

level and reproductive health of male 

rabbits. Cypermethrin is considered one 

of the most common contaminants in 

the ecosystem. 

CPF (Chlorpyrifos)is the most 

frequently studied OP compound, due 

to its large application in crop 

protection and also its wide 

applications in households. Its 

metabolite, 3,5,6-trichloro-2-pyridinol 

is the most commonly detected 

pesticide degradation product in urine 

of the general population, reflecting 

wide human exposure to CPF (Ojha et 

al., 2011). OP exposure could affect the 

immune system (Galloway & Handy, 

2003), Hematological system (Jintana 

et al., 2009), and reproductive system 

(Jintana et al., 2009). OP pesticides 

have demonstrated genotoxic, 

alkylating and clastogenic properties; 

thus they are potentially mutagenic and 

clastogenic (Mehta et al., 2008). The 

main mechanism of action of CPF is its 

inhibition of acetylcholinesterase 

(AChE) leading to induction of 

neurotoxicity through accumulation of 

the neurotransmitter, acetylcholine 

(ACh) at the nerve endings and the 
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neuromuscular junctions (Ambali & 

Aliyu, 2012). Other mechanism 

independent of AChE inhibition is the 

pesticides induced-Oxidative stress 

effects (Eaton et al., 2008). Most of 

poisonings occur in developing 

countries due to weak safety programs, 

minimal use of protective equipment, 

absence of washing facilities, poor 

labeling, and lack of information 

programs and public health awareness 

(Ramos et al., 2010). Recently, there 

has been increasing concern regarding 

the influence of pesticides and man-

made chemicals on the normal function 

of endocrine systems. Since hormones 

are involved in fundamental functions 

of an organism (Endocrine Disruptor 

and Testing Advisory Committee, 

1998). 

The interaction between OPs and 

pyrethroids is relatively well known, 

the non-reversible inhibitory effect on 

esterases by OPs also affect the activity 

of enzymes responsible for breaking of 

the ester bond of the pyrethroid 

molecule (Latuszynska et al., 2001). 

Normally, the ester bond is rapidly 

metabolized in mammals, the products 

of which are non-active and rapidly 

excreted from the body mainly through 

the urine. Blocking the hydrolysis of 

pyrethroids significantly abolish the 

metabolism of these pesticides, 

therefore, a stronger insecticidal effect 

of the OP-pyrethroid mixture is 

observed (Timchalk et al., 2005). 

AIM OF THE WORK 

This study was conducted to assess 

the risk and hazards of oral & dermal 

exposure to chlorpyrifos & 

cypermithrin mixture on some 

reproductive and endocrine parameters 

as well as histopathological alterations 

& histomorphometric study. 

 

MATERIALS & METHODS 
Chemicals 

The pesticide formulation used in 

this work was a mixture consisted of 

two active ingredients cypermethrin 

5%, the IUPAC name: (RS) - α-cyano-

3-phenoxybenzyl (1RS, 3RS; 1RS, 

3SR)-3-(2,2-dichlorovinyl)-2,2-

dimethylcyclopropanecarboxylate and 

chlorpyrifos 24%, the IUPAC name: 

(O,O-diethyl O-3,5,6 trichloro-2-

pyridyl phosphorothioate) . This 

mixture was supplied as an 

emulsifiable concentrate (EC) from the 

Department of Mammalian and 

Aquatic Organisms Toxicity Research, 

Central Agricultural Pesticides Lab, 

Dokki, Egypt. A stock solution (10%) 

of the formulation was prepared in corn 

oil and was used throughout the oral 

treatments .For the dermal treatments it 

was applied without dilution.  

Animals  
85 adult male wister rats weighing 

130-150g were obtained from the 

laboratory animal house of the Modern 

Veterinary Office, Giza, Egypt. 

Animals were kept under full hygienic 

conditions, had free access to fresh 

water and fresh well-balanced food, the 

animals were acclimatized 2 weeks 

prior to the experiments.  

Study Design  

Rats were randomly classified into 

four groups (a, b, c and d). Each of 

group (a) and (b) were further 

subdivided into 5 subgroups used for 

determination of the oral and dermal 

LD50. While group (c) and (d) were 

classified into 3 subgroups which were 

used for oral and dermal treatments 

respectively. The first subgroups of (c) 

and (d) were considered as control. 

Rats of two subgroups (c) treated orally 

by 2 doses 4.26 mg/kg (1/20 LD50) 

and 2.84 mg/kg(1/30 LD50). Rats of 
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two subgroups (d) treated by dermal 

application of 2 doses70.85mg/kg(1/30 

LD50) and 42.51 mg/kg (1/50 LD50). 

The experiment was conducted for 65 

consecutive days, taking into 

consideration the period necessary to 

complete a spermatogenic cycle 

(Clermont & Harve, 1965). 

Calculation of the median lethal 

dose 

Different four concentrations were 

given for the assigned groups and 

Mortality was assessed and counted in 

the different groups .The oral and 

dermal LD50 were calculated by using 

classical method according to (Weil, 

1952). 

Blood samples collection  

Rats were s anaesthetized by ether 

and sacrificed by cutting of the neck 

veins at the end of the study. Blood 

samples were collected and placed 

immediately in ice. The blood was 

centrifuged with 3000 rpm for 10 min. 

to separate the serum. Whichwas kept 

frozen at –20
o
C. 

Evaluated parameters:  

 Reproductive organs weights 

Body weight was registered weekly 

during the study period. After animal 

dissection, the testes, epididymes and 

accessory sex organs (seminal vesicles 

and prostate glands) were removed, 

grossly examined and weighed. The 

index weight (I.W.) was calculated as 

I.W. = organ weight (g)/100×body 

weight (g) (Matousek, 1969 ). 

 Epididymal sperm count 
Epididymal spermatozoa count was 

obtained by using a modified method 

of Yokoi (Yokoi et al., 2003). The 

epididymis was minced in 5mlof saline, 

placed in a rocker for 10min then 

incubated at room temperature for 

2min. The supernatant fluid was diluted 

1:100 by a solution formed of 5g 

NaHCO3, 1ml formalin (35%) and 

25mg eosin per 100ml distilled water. 

About10 µl of the diluted semen was 

placed in the counting chamber of the 

improved Neubaur haemocytometer 

(Deep 1/10mm, LABART, Munich, 

Germany) and was allowed to stand for 

5min for counting under a light 

microscope at×200 magnification. 

 Epididymal alive sperm 

percent 

By using a drop of epididymal 

contents and mixing it with an equal 

drop of eosin–nigrosin stain allowing 

the semen to be mixed with the stain 

and a thin film was spread on a clean 

slide. Two hundred sperms were 

randomly examined per slide at × 400 

magnifications (Bearden, 1980). 

 Sperm motility 

Sperm-progressive motility was 

determined microscopically 

immediately within 2–4min of their 

isolation from the cauda epididymis 

(SöNnmez et al.,2005) . Fluid was 

obtained from the cauda epididymis 

with a pipette and diluted to 2ml with 

tris buffer solution. The percentage of 

motility was evaluated at×400 

magnification. 

 Sperm abnormalities 

A total of 300 sperm was counted 

on each slide under light microscope 

at×400 magnification.The percentages 

of morphologically abnormal 

spermatozoa (detached head and coiled 

tail) were counted (Evans & 

Maxwell,1987). 

 Determination of serum 

testosterone levels:  
The blood samples were collected 

in the morning to minimize the diurnal 

hormonal variations. Serum was 

separated for determination of the total 

serum testosterone by using solid phase 

radioimmunoassay (RIA) kits. Which 



Mahmoud et al.                                                                                                           65 
 

Egypt J. Forensic Sci. Appli. Toxicol                                       Vol 16 (1) June 2016 

depend on testosterone-specific 

antibody immobilized to the wall of a 

polypropylene tube (Demetrious, 

1987). 

 Determination of Plasma 

cholinesterase 

Plasma cholinesterase or 

butyrylcholinesterase (BuChE) activity 

was estimated The used mixture 

containing 2.6 ml sodium phosphate 

buffer (0.1 M, pH 7.5), 0.15 ml of 

DTNB (dithio-bis-2-nitrobenzoic acid, 

10 mM, pH 7.0; containing 3 mg 

NaHCO3 per 8 mg DTNB) and 0.1 ml 

plasma was incubated at room 

temperature for 10 min. Reaction was 

started by addition of 0.15 ml 

acetylthiocholine iodide (12.5 mM) and 

absorbance change per min was 

recorded at 412nm for 4min. (Ellman 

et al., 1961). 

 Genotoxic investigation: 

Sperm collection: 

Spermatozoa were isolated from 

vas deferens in PBS (Ca and Mg free) 

and incubated for 5 min to allow the 

spermatozoa to disperse then examined 

for motility and stored at - 70ºC until 

the performance of comet assay. 

Detection of DNA damage using 

Comet Assay: 

DNA damage in spermatozoa was 

detected using the comet assay as 

described by (Codrington et al., 

2004). Which depend on a method 

previously described by (Singh et al. 

1989) & (Haines et al., 1998) with few 

modifications. The frozen sperm 

samples were thawed at 37ºC, and then 

the samples embedded in agarose, 

followed by cell lysis, DNA 

unwinding, neutralization and 

electrophoresis. Then the slides were 

fixed with ice cold absolute ethanol for 

10 min. All subsequent steps will be 

done in dark to prevent any further 

DNA damage and the slides were kept 

in dark humid box till examination. 

Before visualization the slides were 

stained immediately with 50 µl of 20 

µg/ml ethedium bromide, and 

visualized with Leica epifluorescent 

microscope (Green filter: N2.1 with 

Exitation filter: BP 515-560, 

Dichromatic Mirror: 580, Suppression 

filter: LP 590), the images for the 

sperm nuclei were digitalized with 

Leica DFC camera. DFC 280 supplied 

with Leica DFC Twain software with 

Host application program Imaging® to 

view and capture digital images. 100 

sperm nuclei were scored for each 

sample. The sperm comets were 

visually scored (Collins et al., 1995) in 

to five grades from grade 0 (no 

damage) to grade 4 (extensive 

damage). Then a composite score was 

calculated to the individual grade 

scores for 100 spermatozoa per sample. 

The composite score was formed by 

multiplying the number of sperm nuclei 

by the corresponding numerical scale, 

thus the composite score could range 

from 0 (all undamaged) to 400 (all 

maximally damaged).  

 Histopathological studies: 

Histopathological examination: 
Animals were sacrificed at the end of 

the study; testes and epidydimes were 

dissected and immediately fixed in 

10% neutral formalin solution. The 

fixed specimens were trimmed, 

washed, dehydrated in ascending 

grades of alcohol, cleared in xylene and 

immersed in paraffin. Then the samples 

were cut at 3-5 μm thickness, stained 

with H & E stain as well as Masson-

trichrome stain for showing collagen 

and elastic fibers changes (Suvarna et 

al., 2013). 

Histomorphometric study: 

By using H&E stainedsections, 
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morphometric study measurements of 

ST (seminiferous tubules) diameter, 

lumen, germinal epithelial height, 

blood vessel wall and sertoli cell 

populations were obtained, expressed 

in μm at x100 magnification with a 

semi automatic system which is formed 

of a trinocular microscope (Olympus 

Corporation, Japan), Digimizer 

program version 2 and personal 

computer (Toshiba, Japan) (Aiad et al., 

2008). 

 

RESULTS 
The results of oral and dermal LD50 

Table (1): median lethal dose (LD50) (oral and dermal)  

Treatment LD50 

Mg/kg 

Doses used in the study (mg/kg) 

Low dose high dose 

Oral 

Dermal 

85.16 

2125.03 

2.34 (1/30 LD50) 

42.21 (1/50 LD50) 

4.16 (1/20 LD50) 

70.55 (1/30 LD50) 

 

The used doses in this study were 

determined based on the calculated 

LD50 as illustrated in table (1) for both 

oral &dermal treatments. 

 

Reproductive Organs weights 
Table (2) Effect of the tested pesticides on the reproductive organs weights of the 

treated rats  

Table (2) all values are expressed 

as mean±S.E. Values with different 

letters at the same raw are significantly 

different at P≤0.05 (ANOVA) with 

Duncan’s multiple range test. I.W. = 

organ weight (g)/100×body weight (g). 

The obtained data of the high dose 

orally treated group (1/20 LD50) 

showed significant reduction of The 

index weight of testis, epididymis and 

accessory sex glands(P≤0.05) While 

the reduction was less pronounced in 

the low dose orally treated group. The 

dermal treatments induced highly 

significant reduction of sex organs 

weight at high and low doses (P≤0.05). 

 

 

 

 

 

Parameter  

Groups  

control oral low 

dose  

oral high 

dose  

dermal low 

dose  

dermal 

high dose 

Testis I.W. 1.42± .11 c 1.28± .25 

c 

1.07± .12 b 0.97±.06 b 0.78± .14 

a 

Epididymis 

I.W. 

0.75± .15 b 0.62± .11 

ab 

0.62± .12 

ab 

0.57±.12 a 0.48± .11 

a 

Accessory sex 

organs I.W 

0.73± .13 d 0.66± .07 

cd 

0.58± .09 

bc 

0.50±.11 ab 0.40± .10 

a 
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Sperm Characteristics 

Table (3): Effect of the tested pesticides on sperm characteristics of male rats  

Parameter  Groups  

control oral low dose oral high 

dose 

dermal low 

dose 

Sperm count 

(x10
6
/ml) 

165.40± 1.42 d 142.08± 13.25 

c 

131.40± 

22.42 b 

95.83± 12.01 

a 

Sperm 

motility% 

84.60± 2.40 d 71.26± 7.45 c 51.44± 6.29 b 44.25± 4.83 a 

Sperm 

abnormality% 

8.28± 1.42 a 16.41± 4.40 b 21.75± 3.88 c 27.25± 4.09 d 

   Alive sperm 

% 

94.27± 1.28 d 81.75± 3.81 c 63.01± 8.44 b 50.35± 7.88 a 

All values are expressed as mean±S.E. Values with different letters at the same raw are 

significantly different at P≤0.05 (ANOVA) with Duncan’s multiple range test. 

 

Epididymal sperm count, alive 

sperm percent and sperm motility were 

significantly decreased (P≤0.05) in all 

treated groups as compared to the 

control. The reduction was more 

marked in rats treated with dermal low 

dose (Table 3). While there was 

noticed azospermia in the group treated 

dermally with high dose of the mixture. 

Sperm abnormalities were significantly 

increased (P≤0.05) in the treated groups 

compared to the control group. The 

elevation is more evident in the 

dermally low dose treated rats. 

Serum testosterone and plasma 

cholinesterase BuChE levels 

Table 4 showed that testosterone 

and plasma cholinesterase BuChE 

levels were significantly decreased 

(P≤0.05) in all treated groups compared 

to the control group. The greatest 

reduction was occurred in the dermally 

treated groups.  

 

Table (4): Effect of the tested pesticides on serum testosterone and plasma 

cholinesterase  

Parameter Groups 

Control oral low 

dose 

oral high 

dose 

dermal low 

dose 

Dermal 

high dose 

Testosterone 

(ng /m) 

 

2.90± .27 d 

 

 

2.22±.29 

c 

 

 

1.89±. 52 

bc 

 

 

1.66±.44 ab 

 

1.37±.4 a 

 

BuChE (U/L) 

 

403.50± 

18.57 d 

223.25± 

38.c 

 

183.82± 

8.1 b 

 

139.88± 8.4 

a 

 

153.92±12.3 

a 

All values are expressed as mean±S.E. Values with different letters at the same raw 

are significantly different at P≤0.05 (ANOVA) with Duncan’s multiple range test. 
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Genotoxic effects 

Table (5): Effect of the tested pesticides on sperm DNA by COMET test  

Parameter  Groups  

control oral low dose oral high dose dermal low 

dose 

Composite 

score 

(mean±SD) 

17.00± 8.19 a 130.33± 51.00 b 189.00± 43.5c 184.00± 52. 2 c 

All values are expressed as mean±S.E. Values with different letters at the same raw 

are significantly different at P≤0.05 (ANOVA) with Duncan’s multiple range test. 

 

DNA fragmentation in rats sperm 

DNA induced by each type of 

treatments was shown in Table (5) and 

images of the different degrees of DNA 

fragmentation obtained from our results 

are illustrated in figures (1,2,3,4,5) The 

obtained results of the 

orally(low&highdosing) and dermally 

low dose treated rats showed 

significant increase (P≤0.05) in DNA 

fragmentation expressed as composite 

score which represent tail length and 

DNA percentage in the tail . While the 

rats treated dermally with high dose 

(1/20 LD50) showed a zospermia 

except only in 2 rats where few 

spermatides were detected (results not 

shown). 

  

 

    

 
 

Fig.1:    Grade 0                Fig.2:     grade 1   

 Fig.3:    Grade 2                Fig.4     grade 3             Fig. 5:  Grade 4 

Figure 1, 2, 3, 4, and 5: grades of sperm DNA damage. 

 

Figure (1) Figure (2) Figure (3) 

Figure (4) Figure (5) 
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Histopathological Findings:  
Testis:1) Macroscopically: the testes 

of the treated groups showed varied 

degrees of congestion and atrophy in a 

dose and route dependent manner. 

2) Microscopically, sections of 

control groups testes, showed densely 

packed seminiferous tubules that lined 

with stratified germinal epithelium with 

sperms in their lumens and leydig cells 

clusters in the interstitial spaces 

(Fig.6). Sections from the low oral 

dose treated rats, revealed mild to 

moderate distortion as well as 

degenerative and necrotic changes of 

tubular epithelial lining in some 

seminiferous tubules (ST) . In addition 

to, peritubular blood vessels,vascular 

wall thickening and congestion were 

also noticed (Fig .7). However, In high 

dose orally treated group, focal areas of 

coagulative necrosis and hyalinization 

appeared as eosinophilic mass within 

some tubules and interstitial tissue (Fig 

.8). Moreover focal interstitial oedema 

and vacuolar degeneration of the 

interstitial lyding cells were also 

noticed (Fig.9). At low dose dermally 

treated group, most tubules revealed 

degenerative changes and sloughing of 

most spermatogonial cell layers  

showed abnormal spermatogenesis with 

appearance of multineucleated giant 

spermatids cells within their lumen 

(Fig.10).Other sections showed 

cytoplasmic vacuolar degeneration of 

most spermatogonic cell layers with 

thickening of regressed tubular wall 

(Fig.11). Meanwhile, at high dose 

dermally treated group, most of tubules 

showed sever regression and 

coagulative necrosis of spermatoginic 

cell layers that exfoliated within the 

lumen forming homogenous 

eosinophilic debris resulting in tubular 

atrophy with aspermatogenisis 

(Fig.12).  

Epididymis: Microscopically, 

orally treated groups revealed dose 

dependant varied degrees of sperm 

reserve reduction, vacuolar 

degeneration of tubular epithelium, 

interstitial oedema as well as vascular 

congestion, lymphocytic infiltrations 

and fibrosis (Fig.13).While in low dose 

dermally treated groups, there were 

sever reduction of tubular sperm 

reserve reaching to absence of sperm 

reserve in high dose dermally treated 

group (Fig.14). 

 (B) Fibrosis: Masson trichrome 

stained sections showed marked 

increase in the connective tissue peri 

tubular and perivascular in both testis 

and epididymis as well as pronounced 

fat infiltration in seminal vesicles (SV) 

(Fig .15 &16)
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Figure (6): testis of control rat showed densely packed seminiferous tubules with their 

testicular parenchyma and little interstitium, with presence of sperm in the lumen 

(H&E stain x 10). 

Figure (7): Testis of low oral treated rat, showed moderate peritubular vascular 

congestion, wall thickening, and hyalinization (blue arrow). Tubular distortion, 

sloughing of degenerated germ cells within lumen (red arrow) (H&E stain x 10) 

Figure (8): Testis of high oral treated rat, showed focal eosinophilic areas of 

coagulative necrosis within degenerated tubules and interstitial tissue (blue arrow) 

(H&E stain x 10). 

Figure (9): Testis of high oral treated showed sever degeneration, vacuolation and 

separation of tubular spermatogineal cells in most of tubules with appearance of 

multineucleated giant spermatids cells within the tubular lumen (blue arrow) and 

sloughing of degenerated germ cells within lumen (red arrow) (H&E stain x 10). 

Figure (10): Testis of high oral treated rat, showed focal interstitial oedema and 

hyalinization H (blue arrow) and vacuolar degeneration of the interstitial leydig 

cells (green arrow) (H&E stain x 10). 

Figure (11): Testis of low dermal treated rat, showed complete loss of spermatogonial 
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layers in many tubules and vacuolation (blue arrow) (H&E stain x 4). 

Figure (12): Testis of high dermal treated rats showed severs regression and 

coagulative necrosis in most of tubules (H&E stain x4). 

Figure (13): Epididymis of high oral rat showing epithelial lining vacculations (red 

arrow), loss of cilia, oedema and fibrosis also noticed. (H&E stainx10). 

Figure (14): Testis of high dermal treated rats showing epididymis with absence of 

sperm reserve and tubular wall and vascular thickening . (H&E stainx4). 

 Figure (15): Testis of high oral treated rats showing pronounced fat infiltration in 

seminal vesicles (SV) with increased the of tunica albuginea, peritubular blood 

vessels and epididymis as blue collagen fibers (Masson-trichrome stain x4)  

Figure (16): Testis of high dermal treated rats showing increase thickness, fibrosis of 

tunica albuginea, peritubular blood vessels as blue connective tissue fibers 

(Masson-trichrome stain x10) 

 

Histomorphometric analysis: 
Table (6): Histomorphometric analysis including the measurements parameters for 

seminiferous tubule (ST) epithelium, ST diameter, tubular lumen, blood vessels 

and epithelial height  

Parameter* 

Measurement(μm) 

groups 

Control oral low 

dose 

oral high 

dose 

dermal 

low dose 

Dermal 

high dose 

ST epithelium(μm) 

  

 

285.4 ± 

5.3a    

210.9 ± 

0.7 b    

198.9 ± 

0.7 b 

192.9 ± 

2.8b  

174.5 ± 

17.9 c 

Epithelium height 

(μm) 

 

174.3 ± 

3.6 a  

162.3 ± 

6.6 b 

153.9± 

7.3 b 

 

150.9 ± 6.3 

b 

138.0 ± 6.4 

c  

Lumen (μm)  

 

27.6 ± 

5.9 a   

25.0 ± 

8.0a  

21.0 ± 

7.0 b    

13.8 ± 2.2c    12.9± 2.0 c 

ST diameter (μm)  

 

447.6 ± 

8.0a   

437.4 ± 

3.0 b  

430.5 ± 

11.4b 

429.5 ± 

11.2 c  

423.9 ± 7.1 

c  

Blood vessel wall 

(μm)  

 

3.6 ± 

0.4a   

5.8 ± 0.9 

b 

6.9 ± 0.9 

c 

7.8± 3.6c 6.9 ± 1.3 c   

Sertoli cell (x10
6
)       

 

61.74 

±1.19 a  

54.38 ± 

2.53b 

50.60 ± 

1.09b 

49.56 ± 

2.5b 

42.66 ± 1.5 

c 

Values are the mean ± SEM; Different letters above the bars denote a statistically 

significant difference between groups (P<0.05). 

 

The histomorphometric analysis of the 

treated rat testes revealed significant 

reductions in height of germinal 

epithelium, height of ST epithelium, ST 

diameter and sertoli cell numbers in all  

treated groups compared to the control 

and there was significant increase of 

blood vessel wall thickness denoting 

starting fibrosis which may adversely 

affect on spermatogenesis reaching to 

testicular atrophy with marked a 

spermatogenesis in a dose and rout 

depending manner as showed in Table 

(6).  
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DISCUSSION 
This study was conducted to 

evaluate the effect of chloropyrifos and 

cypermethrin mixture on male 

reproductive organs weight, sperm 

characteristics, serum testosterone, 

genotoxic effect, and histopathology 

and histomorphometric alterations. The 

tested pesticide mixture (chlorpyrifos 

&cypermethrin) has increased toxicity 

than does the individual compounds. 

The oral LD50 of chlorpyrifos 

&cypermethrin for rats are (135-163) 

and (250-4150) mg/kg respectively 

Pesticides Manual, (2004). The 

estimated acute oral LD50 of the tested 

formulation was 85.16 mg/kg. Also 

dermal LD50 of chlorpyrifos or 

cypermethrin for rats is more than 5000 

mg/kg Pesticides Manual, (2004). the 

estimated dermal LD50 is 2125.03 

mg/kg. So it is clear that the mixture of 

pesticides have synergistic effect of 

toxicity. These results are in agreement 

with Barata et al. (2004). 

The results of the present study 

showed significant inhibition in plasma 

cholinesterase (BuChE) in the treated 

groups since chloropyrifos (OP) one of 

the ingredients composing the tested 

formulation. This is in support with 

katta, (2008). who reported biological 

marker such as monitoring of serum 

cholinesterase and cholinesterase 

enzymes in red blood cells (RBC) can 

detect actual exposure to pesticides 

particularly organophosphates. Also 

these results are in agreement with 

Bushnell et al. (1994) who recorded 

that subcutaneous injection of 

chlorpyrifos inhibited ChE activity by 

60% to 90%. In addition, Plasma 

BuChE is more sensitive to OP 

exposure than RBC AChE Khan et al. 

(2008). 

Organ weight is a fundamental 

benchmark for the toxicological studies 

Yavasoglu et al. (2008) Our study 

showed significant reduction (P≤0.05) 

of the reproductive organ weights 

(testis, epidedymis and accessory sex 

glands) compared to control animals 

especially in the dermally treated 

groups which could be attributed to the 

decrease in serum testosterone level. 

The weight of the testis is essentially 

dependent on the mass of the 

differentiated spermatogenic cells; the 

reduction in the weight of the testis 

may be due to decreased number of 

germ cells, inhibition of 

spermatogenesis and steroidogenic 

enzyme activity Mosbah et al. (2008) 

These results are in agreement with the 

findings of Mosbah et al. (2008) Who 

reported reduction in testes, epididymis 

and Seminal vesicles weights in rats 

treated with the highest dose of lorspan. 

And Anderson et al. (2002) who 

mentioned that weight testes of rats 

treated by DLM showed reduction at 

the dose of 4.0 mg/kg bwt from day 1 

of pregnancy to day 21 of lactation.  

Our study revealed that rats treated 

with the tested formulations had 

markedly impaired sperm quality. 

Since, the tested formulations 

significantly lowered sperm count, 

sperm motility and alive sperm percent 

and significantly increased sperm 

abnormalities in all treated groups 

(P≤0.05) especially in the dermally 

treated group moreover, in the group 

treated dermally with high dose of the 

mixture we found only 2 rats had few 

spermatide numbers (results not 

shown) while the rest of the group 

showed complete azoospermia. The 

observed decrease in semen 

characteristics could be explained by 

the fact that the tested pesticides acted 

directly on the testes and affected the 



Mahmoud et al.                                                                                                           73 
 

Egypt J. Forensic Sci. Appli. Toxicol                                       Vol 16 (1) June 2016 

androgen biosynthesis pathway which 

regulates the function of testes weight, 

secretoryfunction of epididymes, 

seminal vesicles Moreover, a lack of 

testosterone disrupts spermatogenesis 

as Testosterone is essential to maintain 

the structure and function of the testis 

and male accessory sex gland 

Broockfor & Blake (1997). 

 The reduction in sperm count was 

consistent with changes in epididymal 

weights. These findings are in 

agreement with the findings conducted 

by Mosbah et al. (2008) who stated 

that lorsban at dose 15 mg/kg/bw 

caused a significant decrease in all 

sperm parameters in the treated rats 

compared with the control animals. 

Also our results are in accordance with 

Odaa&, Zeynab (2012).  

One of the indicators of the 

chemical toxicity affecting the 

reproductive system is the decreased 

level of testosterone Yoshida et al. 

(2002). the pesticides mixture treated 

rats had a significant reduction 

(P≤0.05) in serum testosterone level 

compared to the control group which 

was more pronounced in the dermally 

treated groups .The study of Banbino 

& Hsueti (1981) suggested an 

interaction of pesticides with 

hypothalamo-pituitary gonadal axis 

which control spermatogenesis and 

may also interfere directly with sertoli 

or leydig cells responsible for 

production of proteins involved in the 

transport and the synthesis of 

testosterone. The observed reduction in 

serum testosterone concentrations is in 

agreement with the findings obtained 

by Elbetieha et al. (2001) and Yousef 

et al. (2003) who found that serum 

level of testosterone, folllicule 

stimulating hormone and luteinzing 

hormone showed significant reduction 

in male rats and rabbits treated by 

cypermethrin. 

Genotoxic effects are considered 

among the most serious of the possible 

health effects of agricultural chemicals 

Gabbianelli et al. (2002). This study 

showed significant increase of comet 

parameters represented by composite 

score (tail length, DNA percentage in 

tail) compared with the control group 

in all treated groups (except in the 

group treated with high dermal dose in 

which comet test not done due to 

complete a zospermia) . Atessahin et 

al. (2005) reported that oxidative 

damage induced by pyrethroids might 

be due to their lipophylic character, so 

it can penetrate easily to the cell 

membrane and cause membrane lipid 

peroxidation. Moreover, cypermethrin 

has both a vinyl and a 

dimethylcyclopropane group. 

Dimethylcyclopropane may be 

oxidized into methyl butenol. If the 

vinyl group and/or the methyl butenol 

group undergo epoxidation, the 

resultant active metabolites may cause 

DNA damage Sankar et al. (2010). 

 Macroscopically noticed changes 

in this study are similar to those 

observed by El-Deeb et al. (2007)and 

Nagda & Bhatt, (2011) who attributed 

the testicular congestion, oedema and 

atrophy to the effect of oxidative stress 

damage evoked by pesticide due to 

overproduction of reactive oxygen 

species that damage the vital cell 

components, in this respect, Abdallah 

et al. (2010) mentioned that testicular 

atrophy could be explained by the fact 

that testicular weight is essentially 

dependent on the mass of the 

differentiated spermatogenic cells, the 

reduction in the weight of the testis 

may be due to decreased number of 

germ cells, inhibition of 
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spermatogenesis this result was in 

agreement with Abdallah et al. (2010) 

and Saber & Al-Amoudi, (2012). 

microscopically observed testicular 

and epidedymal lesions as distortion, 

vacuolations,degenerations as well as 

occurrence of multinucleated giant 

cells in the lumen that observed in our 

study were similar to those observed by 

El-Deeb et al. (2007) ; Nagda & 

Bhatt, (2011) ; Suresh et al. (2011) 

Who were attributed to the direct 

cytotoxic effect of the tested pesticide 

which induce oxidative stress on the 

seminiferous tubules, through 

generation of free oxygen radicals, 

alteration in antioxidants,lipid 

peroxidation which leads to 

cytotoxicity and genotoxicity .Also the 

tested pesticide had indirect effect on 

testicular blood vessels, which causes 

vascular stasis in addition to inhibition 

of overall hormonal control mechanism 

at either the gonadal or the 

hypothalamic pituitary levels. 

Moreover, the induction of acid 

phospahatase enzyme activity due to 

the peri tubular vascular dilatation 

leading to increase of cell membrane 

permeability and transphosphorylation 

disturbance resulting from cellular 

degeneration that causing inhibition of 

spermatogenesis which proved by 

tubular degenerations and marked 

fibrosis which is the end result of an 

inflammatory process and cell death 

Azza, (2010) & Idris et al. (2012). 

Testicular histomorphometric 

analysis in the present study revealed 

that the tested pesticide mixture 

induced significant reductions in height 

of germinal epithelium, lumen and 

diameter of ST which explained by 

damage of germinal cell layers. That it 

was reported previously by Aiad et al. 

(2008) Findings of histomorphometric 

analysis support previously described 

histopathological alterations in ST 

resulting in tubular 

degeneration,atrophy,significant 

deluminization of the seminiferous 

tubules and arrested of 

spermatogenesis. Batra et al.(2004); 

Saiful & Mizanul, (2015) and Ikpeme 

et al. (2016). 

 

CONCLUSION 
The present study concluded that, 

the tested pesticides mixture 

(chloropyrifos &cypermethrin) induced 

significant reproductive toxicity and 

endocrinal disruption effects as well as 

histopathological alterations the 

aforementioned adverse effects were 

more obvious during the dermal 

exposure indicating that dermal 

exposure is more hazardous than oral 

exposure and necessitating the 

application of intensive safety 

programmes &precautions during 

handling and spraying of pesticides 

besides the usage of personal protective 

equipments.  
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 العربيالولخص 

الوبيذاث عي طريق هي التعرض لخليط  الٌبتج عيسويت الإًجببيت واختلال الغذد الصوبء ال

 الفئراىالفن والجلذ في ركور 

 ****عبذالله عورو***, جلال ديٌب***, هحوذ ايوبى **,الحلواًى هٌبء*, هحوود ًجلاء

 قبهرة, جبهعت القسن الطب الشرعي والسووم الإكليٌيكيت *

 الببثولوجىقسن **

 البيوتكٌولوجي قسن***

 الوركزيت الزراعيت الوبيذاث هختبر , الثذييبث في السووم قسن****

 وانغهذ انفى شيقغ شيٍ ػٍشييضيجضو ان ثيشيفىطوانكهىس انزؼشض نخهيػ يٍ خطىسحنزقييى  انذساسخ ِزه أعشيذ

اظبفخ انً انزغيشاد  انغذد انصًبءكفبءح   اسزُبدا انً ثؼط انقيبسبد انذانخ ػهً انقذسح الاَغبثيخ و

ىٌ يٍ صًبَخًسخ و اسزخذو نهزِ انذساسخ وقذخ  انُسيغيخ انهسزىيىسفىييزشي انهسزىثبصىنىعيخ وانقيبسبد 

كم   شىائيب إنً أسثغ يغًىػبد سئيسيخ )أ، ة، ط، د(رى رقسيًهب ػ   عشاو 051-031يضٌ كم يُهب  انفئشاٌركىس

انًًيزخ نُصف انؼذد ػٍ   انغشػخ  فشػيخ نزحذيذ  غًىػبدي 5إنً    رقسيًهب رى و)ة(  يٍ انًغًىػخ )أ( 

في  اسزخذيذو  يغًىػبد فشػيخ،  3 انً)ط( و )د(  زيٍيٍ انًغًىػ كلا ( وقسًذLD50 )غشيق انفى وانغهذ 

فشػيزيٍ )ط( و )د( يٍ انًغًىػزيٍ ان الأول غضءان خصص غشيق انفى وانغهذ ػهً انزىاني.  ػٍ انًؼبيهخ ثبنخهيػ

 4..6عشػزبٌ   انفى   ػٍ غشيق  )ط(  يٍ انًغًىػخ فشػيزيٍانًغًىػزيٍ ان وأػطيذ كًغًىػخ ظبثطخ  

ئشاٌ فايب    (LD50 1/30) يههيغشاو نكم كيهىعشاو 2.84و    (LD50 1/20) يههيغشاو نكم كيهىعشاو

 (LD50 1/30 ) يههيغشاو نكم كيهىعشاو 51.65 ػشظذ ػٍ غشيق انغهذ نغشػزيٍ د( )فشػيزيٍانًغًىػزيٍ ان

يىيب يززبنيخ. واوظحذ  65انزغشثخ نًذح  وقذ  اسزًشد(LD50 1/50 )  يههيغشاو نكم كيهىعشاو50..6و  

انسبئم  ورقييىانزُبسهيخ،  ءػعبالاوصٌ اَخفبظب يهحىظب فً  فًرسجت خهيػ انًجيذاد قيذ انزغشثخ    انُزبئظ اٌ 

وكزنك يسزىي  كم يٍ   اَضيى   انحيخ وحشكزهب  حيىاَبد انًُىيخػذد و انُسجخ  انًئىىخ  نهوانًُىي 

انًغًىػبد انًؼبنغخ  ثبنخهيػ خبصخ انًؼبنغخ غًيغ انسيشو ن انزسزىسزيشوٌ فً هشيىٌ و انسىدوكىنيُسزيشاص 

 فً يؼظى   azoospermiaأوظحذ انذساسخ ػذو وعىد حيىاَبد يُىيخ   كًب  (P≤0.05)ثبنزؼشض انغهذي

انؼبنيخ  ػٍ غشيق انغهذ  ايب ثبنُسجخ نفحص انحبيط انُىوي  نهحيىاَبد  بنغشػخانًؼبنغخ ث ًغًىػخ فئشاٌ ان

ًط انًُىيخ  نهًغًىػبد انًؼبنغخ ،كًب أظهشد انُزبئظ صيبدح يهحىظخ فً رشىهبد انحيىاَبد انًُىيخ ورفيذ انح

 .  (P≤0.05)انُىوي

غجقب   نخصيخ وانجشثخا كًب أظهشانفحص  انهسزىثبصىنىعً رغيشاد يزجبيُخ يٍ يزىسطخ انً شذيذح فً أَسغخ

 نلاَبثيت خ  انًجطُخ يَخش نهخلايب انطلائ يغ  ورغيش فً انزشريت  رسبقػ ظهشنهغشػخ وغشيقخ انًؼبنغخ  حيش 

ىس انخلايب انؼًلاقخ يزؼذدح انخلايب  ورغىيفبد فً خلايب انهيذيُظ  وظهانخصيخ وانجشثخ فً كم يٍ  انسيًىُىفشوط

يًب ادي انً اظطشاة فً اَزبط  انحيىاَبد انًُىيخ ، ايب ثبنُسجخ نفحص انقيبط انُسيغً) انهسزىيىسفىيزشي( 

فبظهش اَخفبض يهحىظ فً  قطش وسًك واسرفبع انخلايب  انًجطُخ  لاَبثيت  انسيًىُيفشوط وأيعب اَخفبض 

يقبسَخ   (P≤0.05)يهحىظ فً اػذاد خلايب سيشرىنً  وصيبدح فً سًك وارسبع  انُسيظ انجيًُ والاوػىخ انذيىيخ  

يزكبيلاٌ  فً شيٍ شييضيجضو ان ثيشيفىطوانكهىس يٍ كمثبنًغًىػخ انعبثطخ  وقذ خهصذ هزِ انذساسخ انً اٌ 

 وظىحب يغ انزؼشض ػٍ غشيق انغهذ.احذاس  رأصيش ظبسػهً انغهبص انزُبسهً انزكشي وانزً كبَذ أكضش 

 

 

 


