
Assiut Vet. Med. J. Vol. 56 No. 127 October 2010  

 

1 

Dept. of Pathology and Clinical Pathology,  

Fac. of Vet. Med., Assiut University, Assiut, Egypt. 
 

EVALUATION OF LEAD TOXICITY ON 

REPRODUCTION USING THE FERTILITY TEST  

IN RATS 
(With 3 Tables and 3 Figures) 

 

By 

K.M.A. HASSANEIN; A.Z. MAHMOUD 

and MANAL M. SAYED* 
*Animal Health Research Institute Assiut Lab. 

(Received at 15/9/2010) 
 

 تقييم سمية الرصاص على التكاثر باستخدام اختبار الخصوبة فى الجرذان
 

 خالد محمد أحمد حسانين ، محمود عبدالظاهر عبدالسميع ، منال محمد سيد
 

وقسم . أجريت هذه الدراسة لتقييم سمية التعرض للرصاص على اإلنجاب والخصوبة فى الجرذان
 5 ذكور و5وتتكون كل مجموعة من  ( جرذ لكل منهما10)األربعون جرذ إلى أربع مجموعات 

كجم /مجم خالت الرصـاص 300غذيت المجمـوعة األولى على نظام غذائى يحتوى على . إناث
المجموعة الثانية ، كانت تتغذى إناث الجرذان على نظام غذائى يحتوى على خالت . عليقة

المجموعة الثالثة ، كانت ذكور . الرصاص فى حين أن ذكور الجرذان تغذت على عليقة طبيعية
الجرذان تتغذى نظام غذائى يحتوى على خالت الرصاص فى حين أن إناث الجرذان تغذت على 

بعد ثالثة أشهر، تم إجراء اختبار . المجموعة الرابعة ، وهى مجموعة ضابطة. عليقة طبيعية
بعد ثالثة أشهر أخرى، تم وزن . الخصوبة وتم عد نسل الجرذان ثم وزنهم فى نهاية التجربة

الجرذان فى كل المجموعات ثم تم ذبحهم ثم أخذت عينات من الخصية والبربخ والمبيض وقناة 
وكشفت . تم جمع عينات مصل لتقدير مستوى الهرمونات الجنسية. فالوب للفحص الباثولوجى

وانخفض بشكل . النتائج انخفاض ملحوظ فى وزن الجسم ووزن كل من الخصيتين والمبيضيين
كما لوحظ انخفاض بشكل ملحوظ فى مستوى هرمون التستوستيرون، هرمون . ملحوظ عدد النسل

البروجسترون وهرمون اإلستروجين فى المجموعات المعاملة بخالت الرصاص مقارنة مع 
وكشف فحص أنسجة الخصيتين لذكور الجرذان المعاملة بخالت الرصاص . المجموعة الضابطة

وجود تغيرات فى األوعية الدموية فى صورة احتقان و أوديما واستحاالت فى أنابيب الخصية، 
كما وجدت تغيرات فى إناث الجرذان . وتليف وإرتشاح ليمفاوى فى النسيج البينى للخصية

المعاملة بخالت الرصاص فى صورة استحاالت فى جدر األوعية الدموية للمبيض وتحول فى نمو 
وهذا يؤكد أن إضافة خالت الرصاص إلى عالئق الجرذان تؤدى . البطانة الظهارية من قناة فالوب

.    إلى تأثيرات سلبية على الخصوبة واإلنجاب
 

SUMMARY 
 

The present study was conducted to evaluate the toxicity of lead (Pb) on 

reproduction and fertility in Sprague-Dawley rats. Forty rats were divided 

into four groups (10 rats each) and every group contained 5 male and 5 



Assiut Vet. Med. J. Vol. 56 No. 127 October 2010  

 

2 

female rats. Group (1), male and female rats were fed on a diet containing 

300 mg lead acetate/kg diet. Group (2), the female rats were fed on a diet 

containing lead acetate while the male rats fed on normal diet. Group (3), 

the male rats were fed on a diet containing lead acetate while the female 

rats fed on normal diet. Group (4), served as control. After three months, 

the fertility test was made and the offspring were counted then weighted at 

the end of experiment. Three months later, rats in all groups were weighted 

then sacrificed and specimens from testes, epididymis, ovaries and 

fallopian tubes were taken for histopathology. Serum samples were 

collected for determination of sex hormones. In lead acetate treated groups 

there were a significant decrease in the total body weight as well as testes 

and ovaries. The number of offspring was significantly decreased. The 

mean levels of testosterone, progesterone and estrogen in lead acetate 

treated group were significantly decreased when compared with control 

group. Histopathological examination of the testes of male rats treated with 

lead acetate revealed vascular changes in the form of congestion and 

edema, testicular degeneration, fibrosis and lymphocytic infiltration in the 

interstitial tissue. Lesions in female rats treated with lead acetate revealed 

vascular and degenerative changes in the ovaries and metaplasia of the 

epithelial lining of the fallopian tubes. It was concluded that lead toxicity 

induced adverse effects on the fertility and reproduction of rats. 
 

Keywords: Fertility, histopathology, lead acetate, rats and reproduction. 
 

INTRODUCTION 
 

The toxicity of lead has been known for millennia and has become 

the most complete and useful model for industrial toxicology studies 

(Silbergeld, 1990). Lead is a heavy soft metal, occurs in nature as an oxide 

or salts. Lead is a ubiquitous environmental and industrial pollutant that 

has been detected in every facet of environmental and biological systems. 

Lead can be found in water pipes, insecticides, lining of equipment where 

corrosion resistance and pliability are required, in petroleum refining, in 

construction, bullets of gun, x-ray and atomic radiation protection and is a 

major industrial by product. The manipulation of lead for these uses has 

caused lead contamination of air, dust and soil (Bokara et al., 2008). Lead 

toxicity induced hematological, gastrointestinal and neurological 

dysfunction in mammals (Lockitch, 1993). Moreover, lead toxicity cause 

changes in the nervous system, cardiovascular, reproductive, and immune 

systems (Apostoli et al., 1998 and Taupeau et al., 2001).  

Lead can delay sexual maturation; however the mechanism and 

critical time of insult are not clearly defined (Dearth et al., 2002). Exposure 
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to lead acetate in drinking water resulted in a decrease in basal 

gonadotropin-stimulated testosterone production (Sokol et al., 1985) and a 

decrease in serum testosterone (Hsu et al., 1998; Queiroz and Waissmann, 

2006). Treatment of males with lead acetate caused testicular atrophy, 

cellular degeneration, interstitial cell necrosis and suppression of 

spermatogenesis. In addition, it decreases serum testosterone. All these 

effects were time and dose dependent (Mousa and Okasha, 1998).   

 In adult females, lead salts caused inhibition of follicle stimulating 

hormone secretion and also have a direct effect on ovarian function, 

causing a reduction in progesterone secretion. This effectively leads to 

uterine hypotrophy. A direct effect on the uterus also may occur, since lead 

inhibits implantation, probably by inhibiting the induction of uterine 

estrogen receptors (Khan and Satyaswaroop, 1995). Exposure to lead 

neonatally resulted in delayed puberty (Mattison and Thomford, 1989). In 

animals treated with lead, atrophy of the ovary, reduction of serum 

progesterone concentration and alteration of uterine hormonal receptors 

have been observed. These toxicities may result from different effects 

along the hypothalamic-pituitary-ovarian-endometrial axis (Haschek, 

1989).  

The purpose of this study was to investigate the effects of lead 

poisoning of rats on the reproduction by using the histopathology, sex 

hormones and fertility test. 
 

MATERIALS and METHODS 
 

Animals: Forty Sprague-Dawley rats aged 2-3 months and weighing 150-

170 g were obtained from Helwan Farm for Laboratory Animal Breading, 

Cairo, Egypt. The animals were housed 5 per cage with wood shavings, 

and were maintained under a controlled environment with temperature at 

23 ± 2
o
C, relative humidity at 55 ± 5%, and a 12 hrs/12 hrs light/dark cycle 

throughout the experiment.  

Chemicals: 
1- Lead acetate was obtained from Sigma-Aldrich, USA. 

2- Testosterone, progesterone and estrogen enzyme immunoassay kits were 

obtained from BioCheck, Inc. 323 Vintage Park Dr Foster City, CA 

94404. USA. 

Experimental design: 

Rats were divided into four groups (10 rats each). Every group 

contained 5 male and 5 female rats in a two separate cages. In the first 

group, male and female rats fed on a diet contain 300 mg lead acetate /kg 

diet (Haneef et al., 1995). In the second group, the female rats fed on a diet 

contain lead acetate (300 mg /kg diet) while the male rats fed on normal 
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diet. In the Third group, the male rats fed on a diet contain lead acetate 

(300 mg /kg diet) while the female rats fed on normal diet. In the fourth 

group, male and female rats fed on a normal diet and served as control. 

This part of experiment was done for three months. After that, the fertility 

test was made by mating between males and females in the same group (by 

putting one male rat with the females in each group in one cage at the time 

of mating). Pregnant rats were isolated until parturition. The offspring were 

counted and weighted from each female in all experimental and control 

groups. This part of experimentation was extending for another three 

months with the same doses of lead acetate in the diet of rats. Rats in all 

groups were weighted at the end of experiment.  

Sampling: 

At the end of experiment, rats were sacrificed and their genital 

organs were weighted. Specimens from testes, epididymis, ovaries and 

fallopian tubes were taken for histopathological examination. Serum 

samples were collected for determination of testosterone, estrogen and 

progesterone. 

Histopathology 

Specimens were fixed in 10% neutral buffered formalin, dehydrated 

in a graded alcohol series, cleared with methyl benzoate and embedded in 

paraffin wax. Sections of 5 μm were cut and stained with 

haematoxylin/eosin and Van Gieson stain for light microscopic 

examination (Bancroft et al., 1996). Stained sections were examined by 

light microscope and photographed using digital camera. 

Determination of sex hormone: 

Testosterone, progesterone and estradiol (E2) hormones measured 

by quantitative enzyme immunoassay using commercially formulated kits. 

The enzymes were detected by color and the absorbance was measured at 

450 nm by ELIZA reader. 

Statistical analysis: 

Statistical analysis was carried out by analysis of variance 

(ANOVA) and the results were compared using student t test. All statistical 

tests were performed using Graphpad Software Package. 
 

RESULTS 
 

The rat's administrated lead acetate showed emaciation, weakness 

dullness and paleness of the mucous membranes. In lead acetate exposed 

rats there were extremely significant decrease in total body weight and 

genital tract weight in male rats (P< 0.001) when compared with control 

group. The female rats exposed to lead acetate showed significant decrease 

in the total body weight (P 0.01 to 0.05) and very significant decrease of 
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genital tract weight (P 0.001 to 0.01) when compared with control group. It 

was also observed that the mean weight of testes and ovaries was very 

significant decrease (P 0.001 to 0.01) when compared with control group 

(Table 1). The total number of offspring was very significantly decreased 

in group 1, 2 and 3 when compared with control group. The genital tract 

weight of offspring was extremely significant decrease in group 2 when 

compared with other groups. Also, it was observed that their testes weights 

were decreased significantly when compared with control group. While, 

there was no significant difference (P> 0.05) of ovaries weight of offspring 

in all groups when compared with control group (Table. 2) 
 

Table 1: Effect of lead acetate on body weight, genital tract weight, testes 

and ovaries weight (gm). 
Groups Total body weight 

(gm) 

Genital tract weight 

(gm) 

Testes 

(gm) 

Ovaries 

(gm) 

 ♂ ♀ ♂ ♀   

Group 

(1) 

210 ± 

4.47*** 

159.80 ± 

7.21* 

8.20 ± 

0.26*** 

0.9 ± 

0.04** 

4.17 ± 

0.19** 

0.14 ± 

0.02** 

Group 

(2) 

234 ± 4.3 

ns 

157.40 ± 

9.53* 

11.4 ± 

0.43 ns 

0.7 ± 

0.003*** 

5.16 ± 

0.2 ns 

0.09 ± 

0.004*** 

Group 

(3) 

191 ± 

6.40*** 

178.60 ± 

2.1 ns 

8.72 ± 

0.28*** 

1.30 ± 

0.13 ns 

3.96 ± 

0.05*** 

0.3 ± 

0.06 ns 

Group 

(4) 

246 ± 

5.10 

186 ± 

5.34 

11.4 ± 

0.43 

1.78 ± 

0.17 

6.02 ± 

0.34 

0.36 ± 

0.05 
  Ns not significant (P>0.05), * Significant difference by t-test (P 0.01 to 0.05),  

  ** Very significant (P 0.001 to 0.01), *** Extremely significant (P< 0.001). 
 

Table 2: Effect of lead acetate on fertility and the weight of genital tract, 

testes and ovaries of offspring. 
 

Groups 
Total 

number of 

offspring 

 

Genital tract weight (gm) 

 

 

Testes 

(gm) 

 

Ovaries 

(gm) 

  ♂ ♀   

Group 

(1) 

2.60 ±  

0.24 ** 

5.30 ±  

0.38 ** 

0.54 ±  

0.05 * 

2.50 ±  

0.18 ** 

0.08 ±  

0.004 ns 

Group 

(2) 

2.20 ±  

0.20 ** 

4.48 ± 

0.21*** 

0.36 ±  

0.02 *** 

2.14 ±  

0.16 *** 

0.074 ±  

0.007 ns 

Group 

(3) 

2.20 ± 

0.20 ** 

5.38 ±  

0.35 ** 

0.38 ±  

0.06 ** 

2.56 ±  

0.17 ** 

0.072 ± 

0.006 ns 

Group 

(4) 

5.60 ± 

0.68 

7.68 ±  

0.33 

0.76 ±  

0.05 

3. 70 ± 

0.16 

0.08 ± 

0.007 ns 
 

Ns not significant (P>0.05), * Significant difference by t-test (P 0.01 to 0.05),  

** Very significant (P 0.001 to 0.01) , *** Extremely significant (P< 0.001). 
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Histopathology 

Testicle and epididymis: 

Histopathological examination of HE-stained sections revealed that 

the treatment of male rats with lead acetate produced vascular and cellular 

changes. The vascular changes were congestion of the blood vessels with 

fibrinoid necrosis of its wall (Fig. 1A). Interstitial edema was observed in 

most cases and separation of leydig cells (Fig. 1B). Proliferation of fibrous 

connective tissue in the interstitium was also observed and confirmed by 

Van Gieson stain (Figs. 1E,F). The seminiferous tubules suffered from 

degenerative changes in the spermatocytes, their basement membranes 

were thickened and hyalinized (Fig. 1C). Testicular degeneration was 

confirmed by presence of multinucleated spermatid giant cells in the lumen 

of seminiferous tubules (Fig. 1D). Some seminiferous tubules were lined 

by sertoli cells and few spermatogonia (Fig. 2A). The interstitial tissue was 

heavily infiltrated with lymphocytes (Figs. 2B,C). Examination of the 

epididymis revealed degenerative changes in the epididymal tubules with 

interstitial edema (Fig. 2 D). 

Ovary and fallopian tube: 

Histopathological examination of ovaries of female rats treated with 

lead acetate demonstrated prominent vascular changes. The blood vessels 

showed congestion and fibrinoid necrosis of their walls. Some blood 

vessels were thrombosed with swelling of the endothelial lining (Figs. 

3A,B). The primordial follicles showed degenerative changes. The nuclei 

revealed karyorehexis and karyolysis. Some follicular cells were 

desquamated (Fig. 3C). Examination of the fallopian tubes showed 

metaplasia of the lining epithelium (Fig. 3D). 

Determination of sex hormone: 

In male rats, it was observed that the mean level of testosterone in 

lead acetate treated group was extremely significantly decreased (P< 0.001) 

when compared with control group. In female rats there was significant 

decrease in progesterone and estrogen levels in lead acetate treated group 

(p 0.01 to 0.05) when compared with control group (Table. 3). 
 

Table 3: Serum levels of testosterone (ng/ml), progesterone (ng/ml) and 

estrogen (pg/ml) in rats treated with lead acetate in comparison 

with control group. 
Groups Testosterone 

(ng/ml) 

Progesterone 

(ng/ml) 

Estrogen 

(pg/ml) 

Group (1) 0.7 ± 0.25 *** 4.5 ± 0.86 * 25.15 ± 3.30 * 

Group (4) 2.66 ± 0.17 8.33 ± 1.3 44.29 ± 6.47 
  * Significant difference by t-test (p 0.01 to 0.05). 

  *** Extremely significant (P< 0.001). 
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LEGENDS OF FIGURES 
 

Fig. 1: Representative micrographs for histopathological findings in the 

testicle of rats after 6 months of treatment with lead acetate. (A) 

Congestion of the blood vessel with fibrinoid necrosis of its wall. 

(B) Edema of the interstitial tissue (asterisk). (C) Testicular 

degeneration and thickening of the basement membrane of 

seminiferous tubules (arrow). (D) Testicular degeneration with 

formation of spermatid giant cells (arrows). (E) Edema and 

proliferation of fibrous tissue in the interstitium. HE stain (F) 

Fibrosis demonstrated by red colored collagen fiber (arrow). Van 

Gieson stain. 

 Fig. 2: Representative micrographs for histopathological findings in the 

testicle of rats and epididymis after 6 months of treatment with 

lead acetate. (A) seminiferous tubules lined only by sertoli cells 

and few spermatogonia (B,C) Presence of lymphocytic infiltration 

between the tubules (arrows) (D) Interstitial edema and 

degeneration of the epididymal tubules. HE stain. 

Fig. 3: Representative micrographs for histopathological findings in the 

ovary and fallopian tube of rats after 6 months of treatment with 

lead acetate. (A,B) Ovarian blood vessls showing congestion, 

fibrinoid necrosis of the wall and desquamation of the endothelial 

lining (arrow). (C) Degenerative changes in the primordial 

follicles (arrows). (D) Epithelial metaplasia of the fallopian tube 

epithelium (arrow). HE stain. 
 

DISCUSSION 
 

Lead is one of the oldest known and most widely studied 

occupational and environmental toxins. Heavy metals such as lead, 

cadmium, arsenic and mercury can affect male reproductive functions 

including sperm counts; motility and morphology of spermatogenesis (Chia 

et al., 1992; Telisman et al., 2007 and Meeker et al., 2008). 

In the present study, our results clearly demonstrated that exposure 

of adult male rats to lead acetate induced significant decrease in total body 

weight and weight of the testes. This reduction in weight of the testes 

accompanied by extremely significant decreased of the testosterone. 

Similarly, Wang et al. (2008) and Hamadouche et al. (2009) reported 

reduction in weight of sex glands and pituitary and reduction of 

testosterone in lead acetate exposed rats for 90 days. 
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The histopathology of the testes of male rats treated with lead 

acetate for 6 months revealed vascular changes in the form of congestion 

and edema, testicular degeneration, fibrosis and lymphocytic infiltration in 

the interstitial tissue. These findings support the results from other reports 

which indicated that lead altered testis histology exhibited by disordered 

arrangement of germ cells and a decreased spermatogenic cell layer in the 

seminiferous tubules (Liu et al., 2008 and Hamadouche et al., 2009). On 

the other hand, Barratt et al. (1989) reported slight effect of lead on the 

germinal tissue which may be due to a protective effect of the blood-testes 

barrier.   

In this study, epididymal changes were in the form of interstitial 

edema and degenerative changes. The results were coincident with the 

study conducted by Marchlewicz et al. (2004) and Hamadouche et al. 

(2009) that epididymal damage, including epithelial degeneration and 

edema in the interstitium. Epididymal changes may be an important factor 

in infertility caused by lead (Apostoli et al., 2000). 

The female rats exposed to lead acetate revealed significant 

decrease in the total body weight and very significant decrease of genital 

tract weight when compared with control group. The levels of progesterone 

and estrogen were significantly decreased in lead acetate treated group. The 

histopathological examination revealed vascular and degenerative changes 

in the ovaries in the form of degeneration and desquamation of the 

primordial follicles and metaplasia of the epithelial lining of the fallopian 

tubes. In parallel, Taupeau et al. (2001) reported that low concentration of 

lead in the ovary resulted in dysfunction in the process of folliculogenesis 

with fewer primordial follicles. Moreover, Taupeau et al. (2003) found that 

lead toxicity induced damage of the primordial follicle. They suggested 

that increase production of androgen by theca cells may lead to decreased 

estrogen production by granulose cells which alter folliculogenesis. Ronis 

et al. (1996) stated that high level of lead concentration in blood (260-320 

mg/dl) produced disruption of estrous cycle and significant suppression of 

plasma luteinizing hormone (LH) and estradiol. 

In the present study, the total number of offspring and genital tract 

weight were significantly decreased in all treated groups when compared 

with control group. Also, testes weights were decreased significantly but 

there was no significant difference of ovaries weights of offspring in all 

treated group when compared with control group. Similarly, Donald et al. 

(1987) reported that administration of lead acetate 0.25% in drinking water 

did not affect the reproductive success. It decreased birth weight and 

retarded early development of offspring of treated dams. Also, Sant'Ana   

et al. (2001) stated that administration of 1% Pb decreased the testes 
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weight of offspring. On the contrary, Coffigny et al. (1994) studied the 

effects of lead poisoning during pregnancy on female Sprague-Dawley rats 

that inhaled 5 mg lead oxide for 13 days during gestation. No changes in 

the size of sex organs that did not perturb reproductive function in their 

male offspring.  

It was concluded that lead toxicity induced adverse effects on the 

fertility and reproduction. In male rats, there was reduction of testes 

weight, reduction the level of testosterone and vascular and degenerative 

changes in the testes. In female rats, reduction in ovaries weight and the 

level of estrogen and progesterone were observed. Histopathology revealed 

prominent vascular and degenerative changes in the ovaries as there was 

reduction in the number of offspring. 
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