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Abstract: A significant decrease in weight of ovary and oviduct of female rats was noted following lead nitrate administration 

with a dose 80 mg/kg body weight/day for 28 days. Histomicrogaphs of ovary showed marked inhibition of follicular growth as 

judged by gradual decrease oocyte size, absence of theca and granulosa layer, resulting absence of graafian follicle. Oviduct 

showed shrinkage in lumen and damage in perimetrium cells. Increase in total protein of ovary and oviduct after lead nitrate 

treatment denoting changes at translational level of concern gene to prevent the normal physiology. A significant increase in the 

thiobarbituric acid reactive substances (TBARS) of both tissues denotes increased free radical load resulted in the damage of 

cellular architecture. Findings, suggest that lead entering to the biological system via environment and other widely used 

industrial product may interfere with the normal reproductive physiology and folliculogenesis could be one of the cause of 

female infertility. 
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1. Introduction 

The toxicity caused by heavy metal toxicity is a serious 

worldwide problem which affects the growth, reproductive 

performance, life span and therefore health of all living 

organisms adversely [1]. Lead (Pb) is regarded as a potent 

occupational toxin and its toxicological manifestations are 

well known. It is one of the earliest metals discovered by the 

human race and is ubiquitous. Unique properties of lead, like 

softness, high malleability, low melting point, ductility, and 

resistance to corrosion are responsible for its widespread 

usage in different industries like automobiles, paint, ceramics, 

plastics, etc. This in turn has led to a manifold rise in the 

occurrence of free lead in biological systems and the inert 

environment. 

Lead is an environmental and industrial pollutant and heavy 

metal found in almost all phases of biological systems. The 

non biodegradable nature of lead is the prime reason for its 

prolonged persistence in the environment. Human exposure to 

lead occurs through various sources like leaded gasoline, 

industrial processes such as lead smelting. Lead exposure 

produce reversible changes in mood and personality as fatigue, 

irritability, depression etc [2]. It causes a number of 

undesirable changes including neurological [3-4], behavioural 

[5-6], immunological [7-8], renal [9-11], hepatic [12], 

cardiovascular system and hematological dysfunctions [13, 6]. 

Children which are exposed to lead are reported to have 

adverse effects on central nervous system and kidneys [14]. 

Acute toxicity of lead occurs due to occupational exposure 

whereas chronic toxicity on the other hand is more common in 

occurrence. It can be much more severe if not treated in time 

and is characterized by persistent vomiting, encephalopathy, 

lethargy, delirium, convulsions and Coma [15-16]. 

Lead is known to cause a number of adverse effects on the 

reproductive system in both men and women. Increased levels 

of lead have been associated with reduced sperm count, poor 

semen motility, and abnormal sperm morphology, particularly 

of the sperm head [17-19]. Women on the other hand, are more 

susceptible to infertility, miscarriage, premature membrane 

rupture, pre-eclampsia, pregnancy hypertension and 

premature delivery [20]. During the gestation period, direct 

influence of lead on the developmental stages of the fetus has 
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also been reported [21]. 

Data suggest that lead enters the human body primarily 

through ingestion and inhalation [22]. Maternal lead crosses 

the placenta to the foetus [23]. Previously, most research in the 

area of toxicology and environmental and occupational health 

involved male subjects. This in turn has led to a manifold rise 

in the occurrence of free lead in biological systems and the 

inert environment. Oxidative stress is the imbalance between 

the production of free radicals and the ability of body to 

detoxify the reactive species or repair the damage, oxidative 

stress has been reported to be the major mechanism of lead 

toxicity [24]. The other mechanism is the ionic mechanism. 

This arises due to its ability to substitute other bivalent cations 

like Ca
2+

, Mg
2+

, Fe
2+

 and monovalent cations like Na
+
, 

affecting various fundamental biological processes of the 

body [25].There is dearth of literature about the direct actions 

of heavy metals on the female reproductive system, fertility 

and development. 

We therefore aimed to note the effect of lead nitrate 

exposure on ovary and oviduct tissue of rat through the 

assessment of alterations in gravimetric, histological and 

biochemical changes. 

2. Material and Methods 

The experiment was conducted during the months of 

February and March. The rats were of Wistar strain having a 

weight of 130±10g and were purchased from the local supplier 

and were maintained at animal house of the SLT Institute of 

Pharmalogical Science, Guru Ghasidas University in 

polypropylene cages. The cages were maintained in 

well-ventilated room exposed to ambient condition and were 

fed with the standard rat feed and water ad libitum. 

Experimental protocol was approved by Institutional Ethical 

Committee, Department of Zoology, Guru Ghasidas 

Vishwavidyalaya, Bilaspur (Registration number: 

1321/PO/ReBi/S/10/CPCSEA). After acclimatization the 

animals were randomly divided into two groups each 

consisting of six animals (Table 1). 

Table 1. Experimental Groups. 

Group Treatment Number of Animals 

Control Normal saline 6 

Lead Nitrate (80mg /kg body. wt) 6 

At the end of the experiment (28 days), the animals were 

anaesthetized and sacrificed. The reproductive tissues were 

subjected to study following parameters. 

2.1. Gravimetric Analysis 

Ovary and oviduct of control and lead nitrate treated groups 

were taken after completion of the experiment and weighed. 

The differences were expressed in gram (g) and documented. 

2.2. Histological Observation 

Ovaries of the controls and lead nitrate treated rats were 

cleaned from adherent fat and connective tissue, and fixed in 

Bouin’s fixative for at least 24 hours.. Then the Ovary and 

Oviducts were was processed and embedded. Tissues were cut 

into 6 microns thick sections using rotary microtome (Leica 

RM 2125-RT 5). The sections were stained with 

Haematoxylin and Eosin (H&E) for routine histological study. 

The photomicrographs of respective groups were captured by 

Trinocular Research Microscope (Leica DM 2000) and 

documented (Magnification 40X, 100X). 

2.3. Lipid Peroxidation Assay (LPO) 

Free radicals have a very short half-life, which makes them 

very hard to measure in the laboratory. A commonly used 

alternate approach measures markers of free radicals rather 

than the actual radical. Thiobarbituric acid reactive substances 

(TBARS) are produced during oxidative damage to cell 

membrane. Malonaldehyde (MDA), one of the major lipid 

breakdown product and commonly used parameter to assess 

lipid peroxidation. Ovaries and Oviducts were excised and 

weighed for the preparation of 10% tissue homogenates in 20 

mM Tris Hydrochloride (HCl) buffer (pH 7.4). The 

homogenates were centrifuged at 3000 g for 15 min at 4°C and 

supernatant was subjected to Thiobarbituric acid (TBA) assay 

by mixing it with 8.1% SDS, 20% acetic acid, 0.8% TBA and 

boiling for 1 h at 95°C. The reaction mixture was immediately 

cooled in running water and vigorously shaken with n-butanol 

and pyridine reagent (15:1) and centrifuged for 10 min at 1500 

g. The absorbance of the upper phase was measured at 534 nm. 

LPO was expressed as TBARS in nmol/g tissue wt., by taking 

1,1,3,3 tetraethoxy propane (TEP) as standard. The standard 

curve was calibrated using 10 nM concentration of TEP 

[26-27]. 

2.4. Protein Concentration 

Total protein content was estimated following the method 

of [28]. The concentrations of the sample proteins were 

calculated from the standard curve of bovine serum albumin 

(BSA). A standard solution having a concentration of 1 mg/ ml 

was prepared. Reagent (I & II) were prepared. 0.2 ml of BSA 

working standard was taken in 5 test tubes and distilled water 

was addaed to make it 1 ml. The test tube with 1 ml distilled 

water served as blank. 4.5 ml of Reagent I was added and 

incubated for 10 minutes. After incubation 0.5 ml of reagent 

II was added to it and incubate for 30 minutes again. 

Absorbance was measured at 660 nm and the standard graph 

was plotted. The amount of protein present in the given 

sample was estimated from the standard graph. 

Statistical Analysis 

Statistical analysis was done for obtained data following 

Student’s’ test. The values were considered significant when P 

< 0.05 and 0.001. 

3. Results 

3.1. Change in Tissue Weight 

A significant decrease (P< 0.001) was noted in weight of 

ovary and oviduct following exposure of lead nitrate for 28 
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days in female rats when compared to control tissues (Fig. 1) 

3.2. Alteration in Cellular Architecture Ovary and Uterine 

Duct 

Treatments of PbNO3 at the dose of (80 mg/kg body weight) 

for 28 days resulted in inhibition of follicular development 

and finally lead to the absence of Graafian follicle 

(Fig.2). Uterine duct showed significant shrinkage in the 

lumen along with necrosis in outer layer i.e, perimetrium 

(Fig.3) when compared to the control tissue of ovary and 

oviduct. 

3.3. Biochemical Parameters 

3.3.1. Alteration in Lipid Peroxidation 

A significant increase (P< 0.001) was found in the TBARS 

level in ovary and oviduct following the treatment of lead 

nitrate when compared to the control tissues (Fig. 4 and Fig. 5). 

Lead nitrate treatment resulted in significant increase in serum 

TBARS level when compared with control serum (Fig. 6) 

3.3.2. Alterations in Total Protein Content of Ovary and 

Oviduct 

A significant (P< 0.001) increase was found in the level of 

proteins in ovary and oviduct following the daily oral 

administration of lead as compared to control (Fig. 7 and Fig. 

8) The elevation in protein content is mainly attributed to 

environmental assaults including toxins, pollutants, and 

poisons and is mainly due to the production of proteins which 

rescue the cells from harm [29]. This elevation in proteins may 

also be due to the destruction of tissue during which the 

proteins are released. 

 
Fig. 1. Effect of PbNO3 (80 mg/kg body weight/day) on the weight of ovary 

and oviduct of female rats. The results are expressed as Mean ± SEM, N= 6, 

Control= Normal saline (0.9%),Experimental=lead nitrate treated, 

***P<0.001. 

 
Fig. 2. Histomicrograph of ovary treated with lead nitrate and stained with H & E (a) Control [40X] and (b) Control [100X] showing normal cellular 

architecture with oocyte and Graafian follicle (GF), (c) lead treated [40X] and (d) lead treated [100X] showing degenerative changes in granulosa cell and 

degenerative oocyte. 
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Fig. 3. Histomicrograph of oviduct treated with lead nitrate and stained with H & E (a) Control [40X] and (b) Control [100X] showing normal lumen opening 

with normal cellular architecture of perimetrium, myometrium and endometrium, (c) lead treated [40X] and (d) lead treated [100X] showing shrinkage in lumen 

and degeneration in perimetrium. 

 

Fig. 4. Effect of PbNO3 (80 mg/kg body weight/day) on the TBARS level of 

ovary in female rats. The results are expressed as Mean ± SEM, N= 6, 

Control= Normal saline (0.9%), Experimental=lead nitrate treated, 

***P<0.001. 

 
Fig. 5. Effect of PbNO3 (80 mg/kg body weight/day) on the TBARS level of 

oviduct in female rats. The results are expressed as Mean ± SEM, N= 6, 

Control= Normal saline (0.9%), Experimental=lead nitrate treated, 

***P<0.001. 

 
Fig. 6. Effect of PbNO3 (80 mg/kg body weight/day) on the TBARS level of 

serum in female rats. The results are expressed as Mean ± SEM, N= 6, 

Control= Normal saline (0.9%), Experimental=lead nitrate treated, 

***P<0.001. 

 
Fig. 7. Effect of PbNO3 (80 mg/kg body weight/day) on the protein 

concentration of ovary in female rats. The results are expressed as Mean ± 

SEM, N= 6, Control= Normal saline (0.9%), Experimental=lead nitrate 

treated, ***P<0.001. 
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Fig. 8. Effect of PbNO3 (80 mg/kg body weight/day) on the protein 

concentration of oviduct in female rats. The results are expressed as Mean ± 

SEM, N= 6, Control= Normal saline (0.9%), Experimental=lead nitrate 

treated, ***P<0.001. 

4. Discussion 

In the present study exposure of The lead nitrate exhibited 

most prominently and dominantly towards the histological 

alterations in the various cellular components of ovary and 

oviduct. The microscopic examination of histological sections 

of the ovary revealed damages and reduction in the number of 

primordial follicle. Finally resulted in the disappearance of the 

theca and granulosa layer. Histopathological examination of 

the ovarian tissues showed diffused atretic and degenerative 

changes of growing and mature follicles. Lead exposure 

caused atresia in all stages of follicle formation which is in 

support of the previous finding by [30]. These investigations 

clearly emphasize that lead exposure is extremely dangerous 

for ovarian and oviduct tissue which may lead to reproductive 

disorders, Several lead containing compounds can cause 

enzyme dysfunction, which probably accounts for their 

mechanisms of toxicity on the reproductive system, which 

might have resulted in terms of shrinkage of lumen and 

apoptic damages might have resulted due to increase in free 

radical load. This elevation in TBARS level is due to the 

production of reactive species which are the main reason for 

oxidative stress. This free radical is a major cause of tissue 

damage which might have resulted due to exposure of lead 

nitrate. 

Lead decrease the level of antioxidants and increase the 

concentration of free radicals and lipid peroxidation [31]. 

Oxidative stress initiates the lipid peroxidation which results 

in DNA damage. DNA damage is eminent because lead 

exposure causes oxidative stress and lipid peroxidation. This 

finding certainly reflects the lead nitrate as a most toxicant for 

which ovary and oviducts are very sensitive and a chronic 

exposure may result for female infertility. Reactive oxygen 

species affect a variety of physiological functions such as 

oocyte maturation, ovarian steroidogenesis, ovulation [32]. In 

addition to the above mentioned changes the treated rat group 

also showed irregularity in the estrous cycle [33-34]. 

The elevated protein level in both of the tissues may be the 

effect of the change of the physiology. May be there are some 

genes which are responding to prevent the abnormal change 

and damage of the tissue. But the correct reason is not 

detectable in the present study, it can be understood that which 

protein is responding in this case in more advance study i.e. at 

translational level. Levels of lead in soft tissues appear to be 

relatively constant during life, despite a fairly high turnover 

rate [35]. Further autopsy studies suggest that testis is one of 

the repositories of soft tissue lead. Such kind of reposition of 

soft tissue lead can be explained on the basis of the fact that 

soft tissue contains numerous proteins to which lead may bind. 

in this regard metallothionin protein is reported in the 

hepatocytes to which lead may bind because of its high 

affinity [36]. Research finding so far reported summarises that 

most of the heavy metals released in the high amount to the 

wastewater bodies creates serious health leading to reduced 

growth and development, cancer, organ damage, nervous 

system damage, and in extreme cases, death in animals 

including human beings [37]. Many other finding also 

supports the impairment and alteration in Cholesterol, HDL, 

LDL and Triglyceride content in aquatic animals like fishes of 

high food value exposed to arsenic and other heavy metals 

[38]. 

The higher concentrations of lead in tissues following 

occupational or experimental exposure were associated with 

oxidative damage of DNA, protein and lipid which suggests 

that lead induced oxidative stress play a role in lead induced 

toxic effects [12]. Since the lead exposure increases oxidative 

stress and lipid peroxidation, therefore it is suggested the 

alteration in oxidative stress induced following lead treatment 

could be the basis of resulted toxicity and impairment of 

reproductive tissue. 

5. Conclusions 

In conclusion lead alters the normal histology and the 

physiology of the ovary and oviduct. It also interferes with the 

development of different stages of follicles in the ovary. Our 

finding clearly demonstrates that lead has genotoxic and 

cytotoxic effect resulting in increased TBARS level. The 

elevation in protein content is can be correlated because of the 

increased environmental assaults including toxins, pollutants, 

and poisons which led to the production of proteins in order to 

rescue the cells from damages. Increased free radical load 

might have induced DNA damage and may be apoptosis in the 

ovary and oviduct of female rats resulted in the reproductive 

impairment which may further lead to the infertility in females. 

It is therefore suggested that lead exposure even at low level 

can affect female fertility in animals including humans. 
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