
Global Veterinaria 9 (4): 401-408, 2012
ISSN 1992-6197
© IDOSI Publications, 2012
DOI: 10.5829/idosi.gv.2012.9.4.6585

Corresponding Author: Karima Gh. M. Mahmoud, Department of Animal Reproduction and A. I., 
National Research Center, Dokki, Giza, Egypt.
Tel: +2 01001827716,  Fax: +20233370931.

401

Effects of Lead Exposure on DNA Damage and Apoptosis 
in Reproductive and Vital Organs in Female Rabbits
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Abstract: The aim of the present study was to investigate the toxic effect of prolonged lead exposure on DNA
damage and tissue apoptosis of female rabbits. Thirty mature female New Zealand rabbits were used in three
groups, each of ten animals. The first group served as a control, the second group (low dose group) and the
third group (high dose group) were given lead acetate at a dose of 15 mg/kg and 30mg/kg respectively. Lead
acetate was given by oral route for 8 weeks (five days a week). By the end of the experiment, tissue samples
were collected for DNA extraction and pathological examination of the reproductive and vital organs. Results
revealed that lead induced cellular DNA damage and tissue apoptosis. Pathological examination of the ovarian
tissues showed diffused atretic and degenerative changes of growing and mature follicles. Diffused apoptosis
of the epithelial lining of the endometrial and uterine glands were seen. Degeneration and focal necrosis in the
vital organs as liver, heart, kidney and brain were noticed. Infarction of the kidneys was detected at high dose
group. Intranuclear specific inclusion bodies in liver and kidney tissues were detected. In conclusion, lead
acetate has a direct effect on DNA causing damage and apoptosis in tissue of female rabbit and may contribute
in reduction of fertility. Also chronic lead toxicity is responsible for hepatic, myocardium, nervous pathological
changes and renal failure of rabbits. 
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INTRODUCTION micronucleus [11]. The mechanisms for these genotoxic

Lead (Pb) has been one of  the  most  important the stabilization of chromatin [12] or interacting with repair
heavy metals with wide applications for many centuries. processes [13]. Lead is believed to covalently interact
Because of its broad industrial usage in the manufacture with tertiary phosphate ions in nucleic acids and proteins
of batteries, fuel additives, pipes, pigments, solders, [14,15] and affect the fidelity of DNA synthesis in vitro
shielding, etc., Pb is a common occupational and [16]. Valverde et al. [17] used a lead inhalation model in
environmental hazard throughout the world. Pb adversely mice in order to detect the induction of genotoxic damage
affects the nervous, hematopoietic, endocrine, renal and as single-strand breaks and alkali-labile sites in several
reproductive systems of the body [1]. The toxicity of lead organs. They found that lead acetate inhalations induced
remains a matter of public health concern [2] due to its systemic DNA damage but some organs are special
pervasiveness in the environment and the awareness targets for this metal, such as lung and liver, depending in
about its toxic effects [3] at exposure levels lower than part on length of exposure. Devi et al. [18] also found a
what was previously considered harmful [4]. Reproductive significant increase in mean comet tail length at all time
consequences of lead exposure are wide spread [5], intervals tested after oral treatment of mice with lead
affecting almost all aspects of reproduction [6]. Lead nitrate when compared to controls. 
induces  decreased  ovarian  response,  ovulation  rate Lead poisoning causes renal dysfunction, liver
and ovulation percentage in rabbits [7]. cirrhosis, damage to the central nervous system and

It was reported that lead had an effect on genetic anemia [19,20]. Also Bizzaro et al. [21], Goswami et al. [22]
through chromosomal abnormalities [8-10] and and Mudipalli [23] reported that Lead is toxic to various

responses may involve direct damage to DNA affecting
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organs of nervous, cardiovascular, respiratory, digestive Histopathological Examination: After the complete
and endocrine systems. The mechanism of metal-induced
carcinogenesis is still unknown, but one possible
pathway may involve the interaction of metals with DNA,
either directly or indirectly [24]. The association of metal
ions with DNA usually involves bonding by non-covalent
interactions and these have been quantitated by a variety
of physical techniques. Lead interacts with the phosphate
backbone [25]. To discriminate the mechanism which lead
is genotoxic, the aims of this work are to evaluate the
capacity of lead to induce cellular DNA damage and
tissue apoptosis in female rabbit exposed to lead and
pathological changes on the reproductive and vital
organs.

MATERIALS AND METHODS

Animals: Thirty mature New Zealand female rabbits were
used and maintained in individual wire cages, given
limited food and water. Rabbits were reared in the animal
house, National Research Center, Egypt. The animals had
2700-3500 g body weight and were divided into three
groups, each of ten animals. The first group served as a
control. The second group (low dose group) was given
lead acetate at a dose of 15 mg/kg daily. The third group
(high dose group) was given lead acetate of 30mg/kg. All
dosed were orally administered over an experimental
period of 8 weeks (5 day per week).

DNA Damage Assessment: At the end of the experiment,
the animals were sacrificed; a small piece of liver was
removed from each animal and stored at-80 °C for DNA
fragmentation assay [26]. Representatives from each
group were selected for DNA analysis. 500 µl of lysis
buffer (50 M Tris-HCl, pH 8+ 10 mM EDTA, pH 8 +100
mM NaCl + 1 % SDS) and 15 µl of proteinase K solution
(20 µg/ml) were added. Cells were incubated over night at
55 ºC. Nucleic acids were extracted once with phenol-
chloroform-isoamyl alcohol (25:24:1), followed by
extraction with chloroform-isoamyl alcohol (24:1). After
centrifugation the top layer was carefully transferred to
another tube for the next extraction. Then, 1/10 of volume
of 3 M sodium acetate (pH 5.2) and two volumes of 96 %
cold ethanol (stored at 20 ºC) were added to precipitate
DNA. The supernatant was removed and DNA pellet was
washed with 1 ml of 70 % ethanol. The DNA was
dissolved in an appropriate volume of 1 X TE buffer. After
RNAse (40 µg/ml) incubation for 2h at 37°C, the samples
were applied and analyzed on agarose (1.5%) gel with
ethidium bromide (0.5 µg/ml).

necropsy, reproductive and vital tissue specimens were
collected from all experiment groups and fixed in 10%
neutral buffered formalin for histopathological preparation
[27]. After proper fixation, the tissue was rinsed with water
and dehydrated in ascending grades of alcohols, cleared
in xylene and embedded in paraffin. Tissue blocks were
cut into thin sections (2-5 micron) and routinely prepared
and stained with hematoxylin and eosin (H and E).

Assessment of Apoptosis: Paraffin sections of 4-5µm
tissue were cut and fixed on positive charged microscope
slides, stained with an acridine orange/ ethidium bromide
mixture and viewed under a UV microscope as described
by Lam and Vasconcelos [28]. The viable cells fluoresce
green, while the nuclei in necrotic cells fluoresce orange.
Early apoptotic cells are distinguished by the enhanced
green fluorescence of their characteristic condensed
chromatin, while late apoptotic cells that have lost
membrane integrity display enhanced uniform orange
fluorescence of their condensed chromatin.

RESULTS

DNA   fragmentation    induced    by    lead   acetate
(15 mg/kg daily and 30mg/kg), using DNA electrophoresis
was observed in Figure (1) without apparent dose
response. A smear on agarose gel had been observed in
lead-treated groups in female rabbits, indicating random
DNA fragmentation, a hallmark of necrosis.

Fig. 1: Gel electrophoresis analysis of DNA
fragmentation in liver of rabbits treated with high
and low lead acetate concentration. In which lane
(M) represent 100bp molculer weight, lane (7)
control, lane (1,2,3) represent DNA of high lead
does treated rabbits showing high degree of
fragmentation as ladder shape (4,5,6) represent
low lead does.
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Fig. 2: Reproductive organs of female rabbits treated with lead and stained with H & E showing (A) ovary with atretic
and degenerative growing follicles, (B) atretic follicle and vacuolated irregular outline oocyte, (C) atretic follicle
with degenerative changes of granulose cells and degenerated ooyte (H & E X200), (D endometrium infiltration
of inflammatory cellss) H & E X200 and fluorescent photomicrographs of endometrial tissue showing apoptosis
of epithelial cells lining (E) and advancedapoptosis of epithelial cells lining and endometrial glands (F) (A. O and
E B. X 100).

Fig. 3: Vital organs of female rabbits treated with lead and stained with H & E showing hepatic tissue with focal area of
necrosis infiltreated with mononuclear inflammatory cells, degeneration and vacuolation of heptic cells at X 200
(A) and X 400 (B), degeneration, vacuolation and intranudear inclusion body at X800 (C), heart with degenerative
changes  and  necrosis  of  muscle  bundles  with  interstital  edema  X  400  (D),  heart  blood  vessel  showing
per-vascular edema X 200 (E), brain tissue showing peri-vascular infiltration of mononuclear inflammatory cells
with general edema X 200 (F), renal tissues showing degenerative of apithelial cells of renal tubules X 400 (G),
area of coagulative necrosis and renal tubules with intranuclear inclusion body X 1000 (I).
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Histopathological examination of the reproductive DISCUSSION
and vital organs in female rabbits treated with lead in our
experiment revealed dose dependant pathological In the present study, the DNA of rabbit tissues
changes. Examination of the ovarian tissues at high dose showed a clear fragmentation in all treated groups. This
group showed diffused atretic and degenerative changes result was previously investigated by Dipti et al. [29] and
of growing and mature follicles (Fig.2A), the atretic oocyte Abdel Moniem et al. [30] in rats and Gargiani et al. [31] in
showing irregular in outer line and vacuolations of the mice treated with lead. DNA fragmentation observed
cytoplasm (Fig.2B and C) with degeneration  of  granulosa herein by the gel electrophoresis was also reported for
cells. The endometrial tissue does not showed humans exposed to Pb [32]. Such evidence may be due to
characteristic changes with H & E stain (Fig.2D), only a direct effect of Pb on the DNA structure, oxidative
infiltration of inflammatory cells and dilatation of uterine mechanisms [33] or indirectly due to another mechanism
glands were seen. However, morphological analysis of involving the activation of caspases in the process of cell
apoptosis in the endometrial tissue showed diffused death [3]. In fact, participation of lead compounds to
apoptosis  of  the  epithelial  lining  of  the  endometrial damage DNA directly was reported. However, evidences
(Fig. 2E) and uterine glands (Fig.2F). indicate that lead ions can apparently take part in a

Liver of lead-treated rabbit revealed remarkable Fenton reaction to generate damaging oxygen radicals
changes versus control animals. These changes include and can cause DNA strand breaks [34]. Moreover, lead
diffused cellular degenerative alterations, which are ions are believed to decrease the fidelity of DNA
represented by disorganization of the hepatic cords, synthesis. Also, some indirect mechanisms caused
diffused      cytoplasmic     swelling     and    vacuolization. inhibition of DNA polymerase B, by lead induced reactive
Also some hepatic cells showing diffused oxygen species (ROS), possibly indicate the failure of
hepatocytomegaly with signs of cellular apoptosis, DNA repair mechanisms [35]. Snow [36] added that the
characterized by enlargement the cytoplasm and nucleus. genotoxic effects could be the result of several
Proliferation and hyperactivation of phagocytic Van mechanisms, such as the induction of cellular immunity
Kupffer cells was seen. Diffused Infiltration of and oxidative stress, the inhibition of DNA metabolism
mononuclear inflammatory cells was detected. and repair and the formation of DNA and/or protein cross-
Furthermore, diffused cellular necrotic changes links.
(karyorhyxis and karyolysis) were detected (Fig.3 A and The histopathological changes due to lead toxicity in
B). In high dose group focal necrosis and intranuclear female rabbit showed dose dependant toxic changes for
specific inclusion body which is specific lead toxicity in both vital organs and female reproductive tissues. Lead
hepatocytes were detected (Fig.3C). poisoning can disturb all vital organs and cellular

Microscopic examination of the heart tissue showed processes in the body and affect physiological functions.
diffused degenerative changes and necrosis of the Histopathological examination of the ovarian tissues
myocardium with interstitial (Fig.3D) and perivascular showed diffused atretic and degenerative changes of
edema (Fig.3E). General congestion of blood capillaries growing and mature follicles, the atretic oocyte showing
and interstitial edema of brain tissues accompanied with irregular in outer line and vacuolations of the cytoplasm
infiltration of mononuclear inflammatory cells with with degeneration of granulosa cells. The endometrial
perivascular cuffing were seen accompanied with tissue does not show characteristic changes, only
proliferation of glia cells (Fig.3F). infiltration of inflammatory cells were seen. The results

Histopathological examination of renal tissues, were coincident with the study conducted by Dhir and
showed diffused degenerative changes of Bowman's Dhand [37], that chronic exposure to lead on female rats
capsule and atrophy of many renal glomeruli, advanced caused atresia in all the stages of folliculogenesis
necrosis and hyaline degeneration of epithelial cells of sustaining the poor fertility observations and great tissue
renal tubules in both cortex and medulla (Fig.3G). At high damage and affected reproductive performance of female
dose of lead toxicity group, areas of coagulative necrosis rats. However the mechanism of action of lead toxicity
and renal infarction were seen ( Fig. 3H), with infiltration may be due to hormonal action or direct on the genital
of mononuclear inflammatory cells, also intranuclear tract and ovary [38]. Examination of the endometrium of
inclusion bodies were seen in the epithelial cells of renal rabbit after chronic lead toxicity does not reveals
tubules (Fig,3I). characteristic changes with the ordinary stain H & E.
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However by using specific stain for apoptosis, diffuse of rabbit is highly sensitive for lead toxicity. Also
apoptosis in the epithelial cell of endometrium and uterine exposure of rabbit to inorganic lead induces apoptosis in
glands was observed. The results of our work indicate hepatocytic, these findings is coordinate with the result
that the use of specific stain as acridine orange-ethidium reported by Silbergeld et al. [48]. 
bromide mixture gives a good view for apoptotic changes Histopathological examination of heart tissue showed
of tissues. diffused degenerative changes and necrosis of the

The development of necrosis is preceded by the myocardium with interstitial and perivascular edema.
appearance of morphological abnormalities that are These changes may indicate the direct toxic action of lead
indicative of grossly disturbed cellular homeostasis, toxicity to the myocardium as well as the permeability of
apoptosis and necrosis frequently occur together. endothelial cells of blood vessels. These results are in
According to Kerr et al. [39], when necrosis affect cells in agreement with that reported by Bizzaro et al. [21] that
culture, the swollen degenerate cells eventually lead is toxic to various organs of nervous, cardiovascular
disintegrate. During apoptosis, the nucleus and system. Examination of brain tissue showing interstitial
cytoplasm condense to produce membrane-bound edema, congestion of blood capillaries and perivascular
apoptotic bodies that are phagocytosed by macrophages cuffing were seen accompanied with proliferation of glia
or adjacent cells [40]. Staining of apoptotic cells with cells.
fluorescent dyes such as acridine orange and ethidium Histopathological examination of renal tissues
bromide is considered a method for evaluating the showing diffused degenerative changes of Bowman's
changed nuclear morphology [41]. Apoptotic cells are capsule and renal glomeruli, advanced hyaline
characterized by a highly condensed nucleus that stains degeneration and necrosis of epithelial cells of renal
vividly with DNA dyes while in viable cells and early tubules in both cortex and medulla. At high dose of lead
apoptosis excluded the ethidium bromide, but were toxicity groups, areas of coagulative necrosis and renal
permeable to acridine orange, which intercalated into the infarction was seen, with infiltration of mononuclear
DNA to yield green fluorescent nuclei. In late apoptosis inflammatory cells, also intranuclear inclusion bodies were
with loss of membrane integrity, both dyes enter the cell seen in the epithelial cells of renal tubules. These severe
and the nucleus is stained orange-red. histopathological changes indicate advanced effects of

In our results, liver of lead-treated rabbits revealed lead poisoning on renal tissues of rabbit and lesion of
marked changes as diffused cytoplasmic swelling, infarction necrosis. These alteration were also recorded
vacuolization, diffused hepatocytomegaly with signs of by Kim et al. [49] and Loghman-Adham [50].
cellular apoptosis, focal necrosis and hyperactivation of In our study, lead induced DNA damage and
phagocytic Van Kupffer cells. These histopathological apoptosis in rabbit tissues. In this respect, it was reported
changes due to lead administration are in agreement with that lead decrease the level of antioxidants, increase the
those of Bolognani Fantin et al. [42], Foulkes, [43] and concentration of free radicals and lipid peroxidation [51]
Pereira et al. [44] who found that lead hepatotoxicity also affect the synthesis of both DNA and RNA in the
manifests itself in vacuolization of the cells, polymorphism liver [52]. The oxidative stress initiates the lipid
of the nuclei. Our Results showed intranuclear specific peroxidation, which leads to the DNA damage. Besides,
inclusion body at chronic high dose of lead in hepatic the hydroxyl radical binds to the double-bond structure of
cells. These intranuclear acid fast stain inclusion bodies DNA and/ or also abstracts the hydrogen atoms from it,
are specific for lead toxicity, also indicated that lead thus inducing single and double strand breaks,
accumulates in the cell nucleus [45]. No literature was modification in purine and pyrimidine bases and
reported the intranuclear inclusion body in the hepatic deoxyribose sugars [53]. Since lead exposure increases
cells of lead toxicity of laboratory animals, however, Zook the oxidative stress and the lipid peroxidation, the DNA
et al. [46] reported the presence of acid fast inclusion damage is imminent and in general this could be the basis
bodies in hepatic epithelial cells in captive wild animals. of lead toxicity and pathology for both vital and
Also Hamir et al. [47] found a natural case of lead reproductive tissues. This may help of understanding of
poisoning in dog, the acid fast inclusion bodies were how ROS affect a variety of physiologic functions as
neither seen in the liver nor in the kidney but were present oocyte maturation, ovarian steroidogenesis, ovulation,
in the osteoblasts. Intranuclear hepatic inclusion bodies implantation, formation of blastocyst, luteolysis and luteal
may be due to species variation which indicates that liver maintenance in pregnancy [54,55]. 
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In conclusion, lead has a genotoxic and cytotoxic 12. Johansson, L. and C.E. Pellicciari, 1988. Lead induced
effects in female rabbits. This effect seems to be related to
an apoptotic process which responsible for infertility.
Also chronic lead toxicity is responsible for hepatic,
myocardium, nervous pathological changes and renal
failure of rabbits.
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