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The data concerning the mutagenic, clastogenic and carci-
nogenic properties of inorganic lead compounds have been
conflicting. Here, we evaluated the frequency of micro-
nuclei in the peripheral blood of female rats treated with
three different lead acetate doses. Outbred female Wistar
rats were treated by gavage once per week for 10 weeks with
cumulative doses of 140, 250 and 500 mg/kg body weight
(body wt) of lead acetate. Mitomycin C (MMC) 2 mg/kg
body wt was used as a positive control. The aim of the
present study was to investigate the possible cytotoxic and
genotoxic effects of lead acetate on peripheral blood retic-
ulocytes using the micronucleus test following chronic
exposure. The results show the effects of lead acetate in
peripheral blood reticulocytes. These effects are both cyto-
toxic and genotoxic because of a decrease in the number
of polychromatic erythrocytes in the peripheral blood and
an increase in frequency of micronucleated reticulocytes,
respectively.

Introduction

Lead can be present in the air in the vicinity of factories, and,
before leaded gasoline was banned, was present on the high-
ways. Vegetables are polluted by lead from the air and a
considerable amount of lead contamination is found in cereals
and broad-leafed vegetables. Because of its persistence in the
environment, exposure to lead has become a major public
health concern (1–3). In eukaryotic cells, this metal is usually
genotoxic through a mechanism that until now has not been
well characterized and possibly involves indirect damage to
DNA, either by affecting the stabilization of chromatin or by
interacting with repair processes (4,5).

In recent years, a great deal of effort has focused on the
development of techniques for monitoring the health of organ-
isms chronically exposed to pollutants (6,7). As a class heavy
metals can either be mutagenic by themselves or can enhance
the mutagenic effect of other agents (8). Actual environmental
exposures typically involve multiple agents indicating a need
to evaluate the toxicity of combinations of substances. Lead is
a heavy metal whose widespread distribution in the environ-
ment has the potential to affect a large number of people and,
thus, its genotoxicological investigation is of importance.

The ideal method for detecting genotoxic damage in sentinel
species should enable detection of many classes of damage in a
variety of cell types from a range of organisms, provide data
concerning the individual cell, and be sensitive and rapid.
The most commonly used methods for evaluating levels of

DNA damage involve scoring chromosomal aberrations, micro-
nuclei and/or sister chromatid exchanges in proliferating cell
populations. Evaluation of micronuclei provides a measure
of both the clastogenic and the aneugenic potential of environ-
mental agents. Recently, micronucleus (MN) assay has been
widely used in monitoring genetic damage in different tissue
and cell types (9).

The mouse MN assay is the most widely used and best
validated in vivo test for genotoxicity (10,11). The in vivo MN
assay has become increasingly accepted as the model of choice
for evaluating the genotoxic potential of chemicals and/or
radiation. The earliest applications of this model focused on
the frequency of micronuclei in polychromatic erythrocytes
(PCEs) of mouse bone marrow (12,13). Data were eventually
developed showing that mouse peripheral blood is an accept-
able cell population for detecting micronucleated PCEs
(MNPCEs) as long as the sampling schedule accounted for
the release of newly formed micronucleated erythrocytes
from bone marrow to the blood (14,15).

Although the circulating blood of the mouse is a useful tissue
for measuring both the acute and cumulative DNA damage
produced by environmental agents (14,15), it would be advant-
ageous to measure genotoxicity in other animal species. For
instance, the rat is the most frequently used rodent species
in repeat-dose toxicology studies (16–19). Also aquatic organ-
isms (20), plants (21,22) and mammalian species living in close
proximity to man (23) have been used as sentinel organisms
in environmental studies.

The purpose of the present work was to determine the geno-
toxic effects of lead acetate in the peripheral blood of female
laboratory rats using MN formation as the genetic endpoint.
Additionally, the ratio of PCEs to normochromatic erythro-
cytes was calculated to evaluate the cytotoxic effects of lead
acetate in peripheral blood reticulocytes.

Materials and methods

Chemicals

Lead acetate 3 hydrate (Pb[C2H3O2]2·3H2O, CAS number: 301-04-2) was
obtained from Riedel de Haen (Seelze, Germany). Mitomycin C (MMC
C15H18N4O5, >98%, CAS number 50-07-7) was obtained from Serva
(Heidelberg, Germany). MMC was dissolved with sterile distilled water and
used as positive control for the MN assay.

Animal treatment

Healthy adult female Swiss albino rats (Wistar rat) [6–8 weeks of age and
average body weight (body wt) of 180–200 g] were used in this study. Rats
were obtained from the Experimental Animal Center, University of Gaziantep,
Turkey. The rats were randomly selected and housed in polycarbonate boxes
(four rats per box) with steel wire tops and rice husk bedding. They were
maintained with 12 h dark/light cycle in a controlled atmosphere of 22 6 2�C
temperature and 50–70% humidity with free access to pelleted feed and fresh
tap water. The animals were allowed to acclimate for 14 days before treatment.

The rats were treated by gavage with 140, 250 and 500 mg/kg body wt
lead acetate dissolved in saline once per week for 10 weeks (�70 days).
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The untreated control rats were treated identically with equal volumes of
normal saline only via gavage throughout the study. Since positive controls
may be administered by a different route and treatment schedule than the
test agent (24) a single dose of MMC (2 mg/kg, i.p.) was administered at the
10th week dosing time.

Dose selection

The dose selection of lead acetate was based on human environmental
exposures. The 140 mg/kg body wt dose was an approximate environmental
daily-exposure level (25). This dose was used as the minimum dose. At the
beginning of study, 1000 mg/kg body wt dose was selected as exposure level in
industrial areas (26). However, animals did not tolerate this dose and so the
dose was reduced to 500 mg/kg body wt. Thus, 500 mg/kg dose is determined
as the maximum dose.

MN assay

Whole blood smears were collected on the day following the last lead acetate
administration or 1 day after MMC treatment. Whole blood smears were
prepared on clean microscope slides, air dried, fixed in methanol and stained
with acridine orange (125 mg/ml in pH 6.8 phosphate buffer) for 1 min just
before the evaluation with a fluoresence microscope using a 403 objective (27).
The frequency of PCEs per total erythrocytes was determined using a sample
size of 2000 erythrocytes per animal. The number of MNPCEs was determined
using 2000 PCE per animal. Briefly, immature erythrocytes, i.e. PCEs were
identified by their orange–red color, mature erythrocytes by their green color
and micronuclei by their yellowish color.

Statistical analysis

Data were compared by one-way variance analysis. Statistical analysis was
performed using SPSS for Windows 9.05 package program. Multiple com-
parisons were performed by least significant difference test. P < 0.05 was
considered to be the level of significance.

Results

A representative fluorescence photomicrograph of MNPCE
from a lead acetate-treated rat is shown in Figure 1.

The %PCE and MNPCEs in rats treated by gavage with three
different doses of lead acetate are shown in Table I. Lead
acetate induced a dose-related increase in MN frequency
(Figure 2) with all the doses of lead acetate producing signi-
ficant increases in the frequency of MNPCEs. The responses
produced by the lowest dose (140 mg/kg) and medium dose
(250 mg/kg), however, were not significantly different and
there was no significant difference between the MNPCEs fre-
quency induced by the 250 and 500 mg/kg doses. Although
the MNPCE frequencies in rats treated with lead acetate were

significantly higher than the frequency in control (0.87 6 0.12),
they were much less than the MNPCE frequency produced by
the positive control, 2 mg/kg MMC (25.5 6 0.35).

All three doses of lead acetate decreased the %PCEs when
compared with the negative control (Table I and Figure 3) (P<
0.001). However, a significant difference was not observed
between the responses produced by the 140 and 250 mg/kg
body wt doses of lead acetate (P 5 0.078).

Discussion

Industrial activity and automobile use have resulted in an
increase in the burden of lead in the environment. Human
ingestion of toxic metals from the environment is a matter of
continuing concern. Lead finds its way into plants, animals and
human beings through the consumption of water and food, and
the breathing of air. Lead is a potential carcinogen and causes
several toxic effects such as damage to the central nervous

Table I. The induction of micronucleated polychromatic erythrocytes
(MNPCEs) and number of PCE in peripheral blood erythrocytes of rats
exposed to lead acetate

Treatment groups Number of
examined
animals

PCE/total
erythrocytes (%)
(means 6 SE)

MNPCEs/
1000 PCEs
(means 6 SE)

Isotonic saline
(vehicle control)

4 2.075 6 0.048 0.87 6 0.125

Lead acetate
140 mg/kg body wt 4 1.875 6 0.025*** 1.75 6 0.25**
250 mg/kg body wt 4 1.762 6 0.038*** 1.91 6 0.05**
500 mg/kg body wt 4 1.225 6 0.052*** 2.41 6 0.16**

Positive control
MMC (2 mg/kg

body wt)
4 0.587 6 0.043*** 25.5 6 0.35**

PCEs, polychromatic erythrocytes; MNPCEs, micronucleated polychromatic
erythrocytes; MMC, mitomycin C.
**P < 0.05 compared with control group.
***P < 0.001.
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Fig. 2. Frequency of micronuclei in the peripheral blood of rat treated with
lead acetate. MMC, Mitomycin C (positive control) (2 mg/kg); PCE,
polychromatic erythrocytes. **P < 0.05.

Fig. 1. Acridine orange stained peripheral blood erythrocytes of rat treated
with lead acetate (250 mg/kg). Arrow indicates micronucleus in
immature (polychromatic) erythrocyte.
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system, kidneys and cardiovascular system. Once the lead
reaches the body, it is retained in the hard tissue which
can be metabolized during pregnancy and other pathological
conditions (28,29).

The carcinogenicity of lead in humans has been suggested on
the basis of epidemiological and experimental data (4,30,31).
Inorganic lead and lead compounds have been classified by
IARC (32) as possibly carcinogenic to humans (group 2B).
Studies on the clastogenic effects of lead, however, are contra-
dictory (33). Muro and Goyer (34) detected chromosome gaps
and breaks by 1% lead acetate in cultured mouse leucocytes.
An increase in the frequency of chromosomal aberrations was
reported in human lymphocytes treated in vitro with lead acet-
ate (35,36). Similarly, an increase in the frequency of sister
chromatid exchange has been reported in human lymphocytes
after lead sulphate treatment (37). In other studies, however,
no significant increase was found in the frequency of chromo-
somal aberration and micronuclei in lead-exposed cultured
peripheral blood lymphocytes (38). Bauchinger and Schmid
(39) failed to observe any significant change in the chromo-
somal aberrations in CHO cells exposed to different concen-
trations of lead acetate. In our study we have observed that lead
acetate significantly increased the MN frequency in peripheral
blood of rats. Nehez et al. (40) reported that lead acetate
administration induced the numerical chromosome aberrations
and lead was attributed the effects of some other genotoxic
agents, such as pesticides, on bone marrow of rats in subchronic
exposure.

Most of the studies on lead-exposed humans failed to detect
chromosomal damage, but when other metals like zinc or
cadmium were also present the frequency of chromosomal
aberrations increased considerably (41). Pelclova et al. (42)
could not detect a significant increase in structural aberrations
(chromosome and chromatid exchanges, and breaks) in 22
workers from a lead battery plant. In contrast, Vaglenov et al.
(43) found a significant increase in MN frequency among the
lead-exposed staff (millers and assemblers) of a battery plant.
Yang et al. (44) investigated the effects of lead acetate and
found that lead may induce DNA damage through a fenton
reaction by interacting proteins.

Occupational exposure to high levels of lead is known to
pose health risks including effects on the blood (anaemia),
gastrointestinal tract and nervous system (encephalopathy
and a reduced peripheral nerve function), nephropathy, hyper-
tension and other cardiovascular effects, and a decreased sperm
count. An increased risk of miscarriage and stillbirth has also
been attributed to lead (45,46).

Taking into account the inconclusive results obtained in
most of the different experiments carried out, lead genotoxicity
has been the subject of extensive discussions. Although the
genotoxicity and carcinogenity of lead are unclear, the toxicity
of lead has been extensively studied on different biological
systems and functions (47,48) and general patterns have
emerged. Thus, while positive results were obtained for the
induction of lambda prophage in Escherichia coli (49), lead is
generally non-mutagenic in prokaryotic assays (50,51). Also,
while inconsistent responses have been reported on the ability
of lead to induce chromosome damage, lead often produces
positive genotoxic responses in eukaryotic cells (4,52). For
instance, Zelikof et al. (4) reported lead induced mutation in
the Hprt gene of Chinese hamster cells V79. The inconsistent
results on the genotoxicity and carcinogenicity of lead may be
the result of a number of factors such as cell type, and duration
and route of exposure, and the responses may be influenced
by synergistic factors.

The mechanisms for these genotoxic responses may involve
indirect damage to DNA affecting the stabilization of chro-
matin (53) or interacting with repair processes (5). Lead is
believed to covalently interact with tertiary phosphate ions in
nucleic acids and proteins (54–56). Lead is reported to affect
the fidelity of DNA synthesis in vitro (57). In a study performed
by Jagetia and Aruna (58), it was reported that lead nitrate
treatment increased erythropoiesis in mouse bone marrow as
evidenced by an increase in the %PCEs. Similarly, in another
study, lead acetate administration has been reported to increase
the cell proliferation in rat kidney by 40-fold (59). The increase
in cell population in some organs/tissues of rats indicates
that lead led the tumor formation in some tissues, particularly
kidney tissue. In contrast, Sata et al. (60) reported a decrease in
cells of the immune system in workers exposed to high lead
levels. This result is consistent with our findings of reduced
%PCEs in rats treated with lead acetate and with previous
reports indicating that lead compounds are cytotoxic.

Genotoxicity can be modulated by different factors. In par-
ticular, it is accepted that many dietary constituents markedly
influence or alter the adverse effects of genotoxic agents
(61,62). In addition, it has recently been reported that diets
rich in antioxidant nutrients may reduce the risk of certain
types of human cancer (63) and that multivitamin dietary sup-
plements can significantly decrease the frequency of chromo-
some aberrations in workers exposed to chemicals (64–66).

In conclusion, although the studies regarding the toxicity and
clastogenic effects of lead are contradictory, our results clearly
demonstrated that lead acetate administration significantly
increased the frequency of MNPCEs and decreased the %PCEs
in peripheral blood of rats. An advantage of animal studies is
that they provide a complete biological system which can
evaluate the overall effect of subtle changes observed in cell
systems. Carefully controlled animal studies are an essential
step in the extrapolation of biological effects to human health
safety. The fundamental similarities in cell structure and bio-
chemistry between animals and humans provide a general valid
basis for prediction of likely effects of chemicals on human
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populations. These data allow an estimate of the genetic risk of
lead exposure by using biomarkers such as MN.
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