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Abstract

Lead toxicity is probably the most common form of heavy metal intoxication. The present study was conducted to
assess the histopathological and cytotoxic effects of lead exposure on rat liver.

Adult male Wistar rats were randomly divided in 2 groups. The first was exposed to 2 g of lead acetate in distilled
water during 35 days, while the second served as a control group and was given distilled water. The structural
damage in the liver was investigated by histological study and supplemented by biochemical assay of liver enzyme
levels. DNA fragmentation in somatic cells was determined using terminal desoxynucleotidyl transferase mediated
dUTP nick end-labeling (TUNEL) assay.

The results obtained show increase in liver enzyme levels in treated rats compared to controls. The histological
study showed that lead can induce several alterations such as hypertrophy of hepatocytes, portal space and central
vein dilatation, vacuolation and lymphocytic infiltration. Tunel assay revealed significant DNA fragmentation in rats
exposed to lead.

This study showed that TUNEL assay can be used to determinate DNA fragmentation in somatic cells of rat liver.
Moreover, we conclude that lead acetate may be considered as a strong hepatotoxic and genotoxic agent.
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Introduction
There has been growing concern about the rapidly rising levels of

environmental chemicals, especially heavy metals such as lead, one of
the earliest metals discovered by the human race. It’s used in building
materials, lead acid batteries, paints, ceramic glazes and for many
other purposes. Its exposure mainly occurs through the respiratory
and gastro-intestinal systems.

The absorbed Pb is conjugated in the liver and passed to the kidney,
where a small quantity is excreted in urine and the rest accumulates in
various body organs and affects many biological activities at the
molecular, cellular and intercellular levels, which may result in
morphological alterations that can remain even after Pb levels have
fallen [1-4].

Autopsy studies of Pb-exposed humans indicate that liver tissue is
the largest repository (33%) of Pb among the soft tissues followed by
kidney cortex and medulla [5]. It is for this reason that we decided to
investigate the impact of lead toxicity on the liver. Lead is known to
cause histological liver damage and possibly disturb the normal
biochemical process, resulting in increased liver enzyme levels.
Mechanisms of lead-induced liver injury include increased production
of reactive oxygen species (ROS), and induced oxidative stress which
results in DNA damage [6-12]. DNA alteration may occur either via
caspase 3 activation or oxidative stress by generating the release of

reactive oxygen species (ROS) such as superoxide radicals, hydrogen
peroxide and hydroxyl radicals and lipid peroxydation [13-15].

Many reports are available regarding lead toxicity and its
deleterious effects on various species of animals but very few
researchers have correlated histopathological lesions to DNA
alterations. Therefore we carried out this work.

Our aim was to determine the structural damage in the liver by
histological study and biochemical assay of liver enzyme levels, and to
correlate these findings to DNA fragmentation in somatic cells using
terminal desoxynucleotidyl transferase mediated dUTP nick end-
labeling (TUNEL) assay.

Materials and Methods

Experimental animals
The present study was conducted using 16 male Wistar rats

weighing 170-230 g and three months of age when the experiment was
started. They were bred in 2 cages of 8 rats each in a room with a
controlled temperature of 21°C and 55% humidity. Rats were kept on a
12hr light cycle and had access to commercial food and distilled water.

Chemicals
Lead-acetate ((CH3 COO)2 Pb*

3 H2O) was dissolved in distilled
water.
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Experimental design
Control rats were given distilled water while treated rats were

received distilled water rich in lead acetate (2 g/l) during 35 days (6
days/7).

Blood and organs collection
Rats from each group were sacrificed. In order to determine liver

enzymes (aspartate aminotransferase (AST) and alanine
aminotransferase (ALT), blood samples were put in tubes with
heparin, and then centrifuged at 4000 rpm during 15 min and plasma
is stored at -20°C until assay. After animal dissection, liver samples
were weighed and immediately fixed in 10% formalin.

Determination of liver enzymes
AST and ALT levels were determined automatically using Synchron

CXq PRO, auto-analyser at Farhat Hached university hospital in
Sousse (biochemistry laboratory). The results were expressed in UI/L
(Unity International/L)

Histological examination
The fixed specimens were processed in a series of graded ethanol

solutions. They were then embedded in paraffin. Five micrometer-
thick paraffin sections were obtained by using rotary microtome and
stained by Hematoxylin and Eosin (H&E) or Masson Trichrome
(MT).

The specimens were examined and photographed under light
microscope Leica DM750, provided with a camera Leica ICC50.

TUNEL Assay
DNA fragmentation was detected using the « ApopTag® Apoptosis

Detection kit, QBiogene, Paris, France » according to manufacturer
instructions. Hepatocytes with fragmented DNA were stained with
brown while normal ones were greenish.

The number of TUNEL-positive cells (fragmented) was estimated
by counting the hepatic cells in seven regions at random area
10-2mm2 section using ZEN 2011 software [16].

Statistical analysis
Data were analyzed using the Statistical Package for Social Sciences

(version 17; SPSS). Differences among groups were measured using
one- way analysis of variance (ANOVA) followed by Duncan test. The
results were expressed as means ± SEM and differences were
considered statistically significant at p ≤ 0.05.

Results

Body weight gain (%)
In this study no significant change (P ≥ 0.05) of the reduction of

body weight was observed in the treated group in comparison with the
control (Table 1).

Absolute and relative liver weight
In comparison with controls, a significant decrease (P≤0.05) in the

absolute and relative liver weights was observed (Table 1).

Effects of lead acetate on liver enzymes
Our results revealed a significant increase in plasma ALT and AST

concentrations in treated groups compared with control (Figures 1
and 2).

Parameters Control Treated p

Body weight gain(g) 35.23 ± 10.54 33.54 ± 6.78 NS

Absolute liver weight(g) 10.74 ± 0.60 10.42 ± 1.20* < 0.05

Relative liver weight(g) 4.59 ± 0.63 4.03 ± 0.13* < 0.05

Values are given as Mean ± SEM in each group. * Differs significantly at
P<0.05. NS: not significant

Table 1: Mean values of body, absolute/relative weights of studied rat
livers

Figure 1: Measure of plasma ALT concentration (UI/L) in rats
treated in comparison with control group. The results were
expressed in UI/L (Unity International /L). *: Significantly different
from the control (P ≤ 0.05)

Histological findings
The liver parenchyma of control rats showed a normal architecture

composed of cords that extended from the central vein to the portal
space (Figures 3A and 3B) (portal triad). Hepatocytes were arranged in
cords separated by capillary sinusoids lined with endothelial cells.
Kupffer cells were also present along the sinusoidal capillary. Each
hepatocyte is a polygonal cell with a large centrally located spheroid
nucleus having a chromatin structure and a distinct nucleolus. The
cytoplasm of hepatocytes is faintly granular. In treated rats, liver
histopathological examination revealed remarkable degenerative
changes such as diffuse disorganization of hepatic cords (Figure 3C),
vascular congestion (Figure 3D), dilatation of sinusoids capillary
(Figure 3E), central vein and portal space (Figures 3F and 3G). Mild
lymphoid (Figure 3H) and mononuclear infiltration were observed
within the portal areas and central vein the wall of which was
dislocated (Figure 3I). Nuclei chromatin was fragmented and
cytoplasm contained many vacuoles (Figure 3J). We observed a
variation in the size of hepatocytes, some have deeply stained nuclei
and homogeneous and acidophil cytoplasm (Figures 3K and 3L).
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Hepatocytes proliferation and thickening of liver cell plates without
localized distribution among hepatic zones were noted.

Figure 2: Measure of plasma AST concentration (UI/L) in rats
treated in comparison with control group. The results were
expressed in UI/L (Unity International /L).

Results of TUNEL Assay
As expected, few TUNEL-positive cells were observed in the liver of

control rats. However, as shown in figure 4, exposure to lead resulted
in a more or less significant fragmentation of hepatic cell DNA. The
results revealed that the liver of the treated group showed 4.53 ± 1.23
fragmented cells/mm2, whereas in the control group we found only
0.817 ± 0.704 fragmented cells/mm2. Our results showed a
significantly increased fragmentation of the DNA in the treated group
compared with the control (Figure 5).

Discussion
In the current study, we observed a reduction of body weight and a

significant decrease (P ≤ 0.05) in absolute and relative liver weight in
rats exposed to lead acetate. The reduction in body weight in treated
rats is possibly attributed to lower food intake from the toxic effects of
lead acetate. Decreased body weight was previously observed by
Allouche et al. [17] who administered 0.1% lead acetate to male rats
during 11 months.

Moreover, our results are in accordance with other studies showing
that exposure of rats to lead acetate causes a decrease in body weight
gain [18-21]. The decrease in body weight and absolute liver weight is
not only a consequence of decreased food consumption, but also from
direct toxicity of the lead acetate, perhaps by malabsorption of
nutrients from toxic effects on the gastrointestinal tract or by
inhibition of protein synthesis [22,23].

Liver enzymes (AST and ALT) are considered as an important
biomarker for the detection of lead hepatotoxicity. According to our
results, lead caused a significant increase in AST and ALT levels versus
the control group. Increasing levels of AST and ALT in the plasma of
treated rats is due mainly to the leakage of these enzymes from the
liver cytosol into the blood stream [24]. The AST level rises
significantly in the plasma as a consequence of enzyme leakage from
the injured hepatic cells into the circulation. ALT also increases in
plasma when cellular degeneration or destruction occurs in the organ

[25]. Similar results have been found by Abdel-Kader et al. [26]
following administration of 1000 ppm of lead acetate in water to
Sprague Dawley rats for 4 weeks. Sivarprasad et al. [27] observed an
increase in serum transaminases levels after exposure of male Wistar
rats to 0.2% lead acetate in water for 5 weeks.

Figure 3: Photomicrographs of rat liver control and treated. The
control (A and B, H&E 400x) reveal normal liver parenchyma with
central vein (CV) and portal triad (HAB: hepatic artery branch;
PVB: portal vein branch; BD: bile duct). The rat treated showing
change in the liver parenchyma (C, H&E 400x), vascular congestion
(Cg) (D, H&E 100x), dilatation of sinusoid (Ds) (E, Trichrome
1000x), dilatation of CV (F, H&E 400x) and hyperthrophy of portal
triad (G,Trichrome 400x). In the parenchyma liver lymphoid
infiltration (LI) (H, H&E 400x) and dislocation of CV (DCV) are
also seen (I, H&E 400x). Cytoplasmic vacuolation of some cells (V)
with marked dilatation of sinusoid capillaries (J, Trichrome 1000x).
The hepatocyte showing loss of their normal architecture (K, 400x;
L, 1000x; H&E). HP: Hepatocyte’s proliferation, Hc: hepatic cords.
( H: hepatocyte; Ds: dilated sinusoids; CV: centrolobular vein; Cg:
vascular congestion; V: vacuolization; LI: lymphoid infiltration;
DCV: dislocation of the wall of the central vein)

We can deduce that high levels of transaminases, normally located
in the hepatocyte cytosol, are a sign of cells damage leading to liver
dysfunction in treated rats.

The liver is considered as one of the target organs affected by lead
toxicity owing to its storage in the liver after lead exposure. Also, the
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liver being one of the major organs involved in the storage,
biotransformation and detoxification of toxic substances, is of
relevance in heavy metal poisoning [28]. Absorbed lead is stored in
soft tissues mainly in the liver [29] via the portal vein, so that it is the
first organ for which the histological analysis can be used to examine
the morphological changes that reflect possible lead effects on somatic
cells [30].

Figure 4: Photomicrographs of TUNEL-stained liver section from
control (A) and rats exposed to 2 g/l of lead acetate (B and C).
Magnification 400x. Arrows indicated TUNEL-positive cells

Figure 5: Number of fragmented cells in control and treated rats. *:
Significantly different from the control (P≤0.05).

Histological analysis showed several changes such as hepatocytes
hypertrophy and disorganization of the hepatic cords. Similar
observations were reported by Suradkar [31] in rats receiving 1000
ppm lead acetate for 28 days. The hypertrophy was due to the swelling
of intracellular organs especially mitochondria and endoplasmic
reticulum [32-35]. Furthermore, hepatic toxicity displays itself in the
form of cell vacuolation which is a cellular defense mechanism against
injurious substances [36]. These substances were segregated in
vacuoles and thus prevented from interfering with cellular
metabolism. It has also been suggested that cytoplasmic vacuolation is
mainly a consequence of disturbances in lipid inclusions and fat
metabolism [37]. Lymphocytic infiltration and sinusoidal blood
congestion after treatment with lead are indicators of liver damage.
Similar investigations have also been reported by EL-Sokkary et al.
[38]; Joher et al. [39]; Liu et al. [16-40]; Sharma et al. [41].

The lymphocytic infiltrates observed in this study following lead
treatment show evidence of cell irritability, inflammation and
hypersensitivity to the toxicant used. In addition, our results showed
portal tact and central vein dilation in accordance with the findings of
El-Sokkary et al. [38] who administered 100 mg of lead-acetate to rats.
This dilation is probably due to blood congestion.

The TUNEL assay revealed a significant increase in the number of
fragmented cells in rats treated with lead. Similar findings were noted
by Liu et al. [16] who administered a lower dose of lead (500 mg/l)
during 75 days. Alcaraz-Contreras et al. [42] found that exposure to 3
g/l of lead during 5 weeks resulted in hepatocyte DNA fragmentation.
Many investigators showed that heavy metals induce DNA
fragmentation in liver cells [43,44]. One of the mechanisms of DNA
fragmentation is apoptosis mediated via Caspase 3 activation which
likely trigger autocatalysis as well as cleavage and activation of other
caspase family members, leading to rapid and irreversible apoptosis
[45,46]. Activated caspase-3 cleaves and activates the 45 kd subunit of
DNA fragmentation factor (DFF) which in turn leads to the
degradation of DNA into nucleosomal fragments [47], a hallmark of
apoptosis [48]. In addition, lead interferes with DNA repair
mechanisms that normally take place to preserve DNA integrity,
thereby increasing DNA fragmentation further. Several studies showed
that DNA damage can be induced by reactive oxygen species (ROS)
produced during lipid peroxidation (LPO), [7,16,10] one of the
manifestations of oxidative damage which occurs readily in the tissues
due to the presence of membrane rich polyunsaturated highly
oxidizable fatty acids. It was found that LPO induced by lead alters
physiological and biochemical characteristics of biological systems
[49]. The improper balance between reactive oxygen species (ROS)
metabolites and antioxidant defense results in “oxidative stress”.
Hydroxyl radicals seem to be the most harmful to cells [50].

Conclusion
In conclusion, this study showed that TUNEL assay can be used to

determinate DNA fragmentation in somatic cells of rat liver.
Moreover, these cytogenetic findings were correlated with microscopic
study of histological aspect, showing that lead acetate may be
considered as a strong hepatotoxic and genotoxic agent. However,
further chronic studies are needed to explore mechanisms by which
lead acetate led to these toxic effects at the molecular levels.
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