Effect of Lead Toxicity on the Structure and Function of Organs in Rats
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Acute and chronic exposure to lead induces oxidative damage and morphologic and physiological changes
in tissues and organs. The aims of this study were to determine the concentration of heavy metals like Zn,
Al, Li, Cu and Pb in different organs and to identify histopathological changes in the liver and kidneys of
laboratory animals in case of chronic lead intoxication. In most cases, the heavy metal concentrations
analyzed in the control group organs are significantly lower than the values determined in the organs in the
experimental groups. High Pb concentration caused increased liver and kidney damage.
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Lead is one of the four metals with the most distructive
effect on human and animal health [1]. As a result of acute
or chronical exposure of the human or animal body to
industrial and environmental pollution with lead causes
the appearance of biochemical, physiological and
behavioral changes[2,3]. Lead poisoning sources in animals
and humans may be foods and beverages witch can
contain significant amounts of this heavy metal. Healthy
organisms are capable to bind, neutralize and eliminate
small amounts of lead. If the quantity accumulated in the
organism is too high, the elimination capacity is reduced
and therefore the number of free radicals will increase [4].
When lead penetrates into the body, it is absorbed by
erythrocytes, kidneys, bone and nervous tissue. Lead can
induce oxidative damage to membranes, through the
accumulation of metabolites or oxidant substances such
as iron ions. By direct or indirect inhibition of antioxidant
enzymes, total cellular antioxidant protection is
reduced[5]. This affects the function and structure of the
membrane, resulting in changes in the physiological
processes of organs and tissues[6]. The aims of this study
were to determine the concentration of heavy metals: Zinc
(Zn), Aluminum(Al), Lithium (Li), Copper (Cu), and Lead
(Pb) in different organs and to identify histopathological
changes in the liver and kidneys of laboratory animals in
case of chronic lead intoxication.

Experimental part

Animal study: Adult Sprague-Dowley female rats were
obtained from the Experimental Animal Center of Faculty
of Veterinary Medicine Timisoara. The animals consulting
and complying the conditions imposed by the Ethical
Commission approval according to the European Union's
Directive (2010)/63/EU for animal experimentation [7].
The tested toxic agent was administered as Pb acetate in
drinking water for 6 months. The rats were split into 4
groups: group A (10 rats were the control group, which did
not receive Pb), group B (10 rats which received Pb at a
dose of 50ppm), group C (10 rats which received Pb at a
dose 0f100 ppm), group D (10 rats which received Pb at a
dose of 150 ppm). The dose of 50 ppm/ L water, represents
the maximum admissible limit.

Chemical analysis: Chemical analyses to determine
heavy metal contents were carried out for the organs of
interest (liver, kidney, lung, spleen) from the animals in
each experimental lot. 3 g of tissue samples were oven-
dried at 105°C for 48 hours. Subsequently, the samples were
digested in the calcination furnace. The ash obtained was
dissolved with 20 ml of 0.5 N HNOS3 solution and filtered,
and then analyzed. Digestion was performed with 0.5 N
HNO3 solutions. The concentrations of zinc (Zn), aluminum
(A, lithium (Li), copper (Cu), and lead (Pb) of the obtained
solutions were determined using a high resolution
continuous flame atomic absorption spectrophotometer
(ContrAA 300, Germany).

Histological analysis: The biological samples of liver and
kidney were fixed in 10% neutral formalin buffer, dehydrated
in ascending grades of ethanol,clarified in xylene,
embedded in paraffin and cut into 5 pm thick sections. For
overall diagnosis of each case the Masson Trichrome
staining was performed [8]. For the kidney tissue, the
Hematoxiline-Eosine stain was used (HE)[9-11].
Histological sections were examined under a Nikon Eclipse
TE2000-U microscope.

Statistical analysis:The obtained values for heavy metal
concentrations in the organs of interest were expressed
as mean = standard deviation. Data were analysed using
variance analysis. The difference significance between
samples was determined using Mann-Whitney tests. The
difference was considered significant when 0.001 < p<
0.05, highly significant when p< 0.001 and non-significant
when p> 0.05, where pis the level of significance.

Results and discutions

The results of chemical analyses on the concentration
of heavy metals: Zn, Al, Li, Cu, Pb in the organs: liver, kidney,
lung, spleen is shown in table 1 as mean=SD.

In most cases, the concentrations of the metal analyzed
in the control group organs are significantly lower than the
values determined in the organs in the experimental groups,
except Zn concentrations in the liver and lung for the B
group, the Zn concentration in the kidneys for the batches
C and D. The Zn concentration in the organs of laboratory
animals in the experimental groups shows increases: lung
<spinal cord <liver <liver. The Al concentration in the lung
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Data are expressed as mean = SE. Number of sample in each group is 10. Group A = Martor (Control), Group B(50 ppm Pb),
Group C(100 ppm Pb), Group D(150 ppm Pb) = Treated group with acetate de Pb, Significant change in comparison between
groups: ** Highly significant (P < 0.001) * Significant (0.001+ P < 0.05) N.S Non significant (P > 0.05)

for groups B, C and D shows significant decrease compared
to the control. In the organs of interest, the Al concentration
shows increases as follows:lung <liver <spleen
<kidneys.Li liver concentration for groups C and D vs.
control shows significant decreases; a similar situation for
the Li concentration in the lung in the same experimental
lots. The concentration of Li increases in the organs of
interest as follows: liver <kidney <spleen.The
concentration of Cu in the liver and lung in the B, C and D
rat groups shows significant decrease compared to the
control group values. Cu concentration in the spleen shows
decrese, only in the B-group animals. These significant
decreases are maintained in relation to the values for the
control group. The concentration of Cu in the organs of
interest shows increases as follows: liver <kidney <spleen.
For the concentration of Pb in the lung of the animals in B,
C and D, there are statistically significant decreases from
the determined concentrations in the animals in the control
group. In the case of spleen Pb concentration for group B
versus control group, the decrease was insignificant (p =
0.231). In cases of intoxication, excess Pb accumulation
in the organs of interest shows an increase in Pb
concentration as follows: lung kidney <spleen.

The organs of interest (liver and kidney) taken from
animals of the 4 experimental groups were stained and
examined microscopically to identify any morpho-
pathological changes. To assess morphological alterations
of the kidney we performed Masson trichrome stain, which
turns the cytoplasm of the kidney cell red and collagen
fibers and cell nuclei blue. The control group did not report
pathological changes of renal tissue (fig. 1). The group of
animals treated with lead concentration of 50 ppm, did
not show alterations in kidney tissue compared with
controls. Compared with the control group, the animals
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Fig. 1. Kidney tissue control
lot; Masson trichrome
staining. X100

" Fig. 2. Renal tissue. Masson
trichrome staining, lot 100
ppm, X200

that had received higher doses of lead (100 ppm and 150
ppm), showed changes in the renal tubules, as well as in
the glomerulus. Administration of lead in concentration of
100 ppm induced tubular changes: tubules nucleus
pyknosis, focal tubular degeneration with cytoplasmic
vacuolation, focal necrosis. Regarding the glomeruli, we
identified zonal mesangial proliferation and slight
thickening of the glomerular basement membrane (fig.
2). On the tissue sections belonging to the group treated
with a dose of 150 ppm lead, we reported: renal tubular
epithelium degeneration and focal tubular necrosis, renal
interstitium edema and extravasated red blood cells,
glomerular basement membrane thickening and
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degenerative lesions replaced by fibrosis with collagen
fibers arranged or peritubal-periglomerular and interstitial
lymphocytic inflammatory infiltrate (fig. 3-5). On HE stained
liver sections from animals in the control group and the
group treated with 50 ppm Pb, microscopy revealed single
or polinucelate polygonal hepatocytes arranged in cords
and radial oriented towards end-stage liver venula (fig. 6).

b

Fig. 3. Renal tissue. Masson
/  trichrome staining, lot 150
ppm, X200.

Fig. 4. Renal tissue. Masson
trichrome staining, lot 150
ppm, X400

Fig. 5. Renal tissue. Masson
trichrome staining, lot 150
ppm, X400

Fig. 6. Hepatic tissue, lot
50ppm. HE staining; X100
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On the animals in the experimental group treated with
higher doses of lead (100 ppm, 150 ppm) we noted
alterations of liver parenchyma with varying degrees of
vacuolar alteration of hepatocytes, redness and swelling
of the sinusoids (fig. 7), its type and fibrosis peliozisvenulei
end-stage liver (fig. 8).

Regarding the distribution of lead in different organs,
studies have shown that this process takes place in several
phases, namely: in the first stage the toxic accumulates in

Fig. 7. Hepatic tissue. HE
staining, lot 150 ppm, x 200
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Fig. 8. Hepatic tissue. HE
staining, lot 150 ppm, x200

)

that was not excreted is fixed in the bone tissue in the
second phase[14]. The highest sensitivity to heavy metal
toxicity can be observed in the nervous system, but also in
the cardiovascular system, gastrointestinal tract, kidneys,
and the hematopoietic system [15-17]. There are studies
in the literature regarding heavy metal accumulation in
liver and kidney tissues. In case of heavy metal
intoxication, their concentration is determined in these two
organs to assess the level of contamination. Such studies
have been conducted on fish [18-21]. Heavy metal
accumulation in kidneys and liver is not random due to the
role of these two organs in the detoxification of the
organism [18,22]. High concentrations of Pb in the organs
of the reproductive system was also reported in the studies
performed on a batch of male rats where Pb poisoning
also caused histopathological changes at the testicular level
with varying degrees of damage to the seminiferous tubules
and binucleated giant cells were also encountered in a
few seminiferous tubules [23]. Also, structural changes
correlated with the level of exposure in the ovaries, uterus,
and fallopian tubes were shown. They were mainly edemas
and necrosis, denudation, and/or different stages of follicle
evolution. These alterations have been shown to indicate
infertility in female rats [24]. In the literature, various liver
and kidney lesions in murine experimental models exposed
to heavy metal toxicity were reported. Studies related to
lead intoxication on hepatotoxicity have described
morphological, tissue and cellular changes: dysplastic
hepatic epithelial cells, necrotic lesions and portal
inflamatory infiltrate of variable intensity (mild, moderate,
and intense) [25].Mehana et al (2012), in a study on
Sprague-Dowley rats exposed to different doses of lead
acetate have shown histological lesions similar to the
control group. The study identified lobular inflammatory
lesions and steatosis, cell death by apoptosis and necrosis.
In the portal areas were observed perivascular edema and
congestion, portal fibrosis and hyperplasic lesions in the
bile ducts [26]. Similar results have been reported by other
studies[27,1,28].0n the other hand, other studies on the
effect of lead on rat liver tissue have revealed, in addition
to the above, degenerative lesions represented by the
disorganization of hepatic lobular architecture,
intracytoplasmic vacuolization and hepatocyte
degeneration [29,23]. Our study has shown tubular and
glomerular lesions in animals exposed to increased doses
of lead compared to the control group and the ones exposed
to low doses. Studies in the literature regarding lead
poisoning in laboratory animals reported morpho-
physiological changes in the kidney. Navarro-Moreno et al.
(2009)[3] revealed structural, ultrastructural and functional
changes in renal epithelial cells. Following lead acetate
administration in Wistar rats, phenotypic changes were
observed in the cell membrane marked by the
disappearance of microvilli and the development of
jonctional complexes at the cellular apical pole. This
causes decreased absorption capacity and implicitly
impaired renal function. Other studies on Pb poisoning in

http://www.revistadechimie.ro 1641



rats indicate the following histopathological changes in
the kidney: necrosis and inflammatory interstitial,
glomerular and tubular infiltration. Epithelial cells in the
proximal tubules showed pathognomonic intranuclear
inclusions, as well as the increase in nuclear volume[23].

Conclusions

Lead intoxications induce modifications in the
concentration of other heavy metals in the organism
(mineral imbalances) but also histopathological changes
in liver and kidney. High Pb concentration in case of
intoxication causes increased liver and kidney damage.
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