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ABSTRACT
The effect of cadmium chloride (150 mg/l) and mercury (II) chloride (80 mg/l) either alone or in combination in drinking water for 4 weeks on function and structure of the liver of male rats was studied. Results indicated that the ratio of
liver weight to body weight and the activities of serum alanine aminotransferase, aspartate aminotransferase and alkaline phosphatase noted in rats co-exposed to cadmium and mercury were intermediate between those noted in the individually metal treated rats. The histopathological study showed that the individual metal and the combined metal treatments caused severe liver damage. The degree of these changes noted in rats co-exposed to cadmium and mercury was
not higher than those signalized in individual treatment. The biochemical and the histological changes observed in rats
co-exposed to cadmium and mercury show that there is not an additive effect between these two metals.
Keywords: Cadmium; Mercury; Liver Toxicity; Rat

1. Introduction
Cadmium and mercury are considered among the most
important toxic metals. Cadmium is present in the environment as a result of industrial and agricultural practices
[1]. Cadmium is listed among the hazardous chemicals
because it can enter the food chain [2] and it has a long
biological half-life (about 30 years) in humans [3,4]. The
“Itai-Itai” disease was caused by cadmium intoxification in Japan and is a notorious syndrome including severe bone deformities and chronic renal disease [5].
Mercury is derived from natural sources such as volcanic
eruption, dissolution and volatilization from rocks, soils
and sediment, and from human activities such as combustion of fossil fuels, incineration of waste, mining and
industrial discharge [6]. The most famous case of contamination with organic mercury is the Minamata case in
the 1950/60s in Japan. People who consumed food
mainly fish, contaminated with methylmercury presented
several health problems, especially children exposed to
the metal in utero [7]. Liver is a target organ for the accumulation of cadmium and mercury [8]. Several previous studies show that these two metals cause hepatotoxicity [5,9]. The cytotoxicity of these two metals was
manifested by the disturbance in the activity of some
plasmatic enzymes such as aspartate aminotransferase,
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alanine aminotransferase, alkaline phosphatase and lactate
dehydrogenase. Several morphological changes in hepatic tissue were noted also after intoxication with cadmium [10] and mercury [11].
In real life, the human population is exposed to complex mixtures of contaminants. So, the experimental
work with combination of contaminants is more relevant
on the human exposure than the work with a single substance. However, for cadmium and mercury there is, to
our knowledge, no information regarding the effect of
simultaneous intoxication with these two metals on liver
function and structure. Therefore, the purpose of this
experiment is the study of the combined effect of cadmium and mercury on liver function and structure in the
rat.

2. Materials and Methods
2.1. Animals and Treatment
Male Wistar rats, weighing 132 ± 11 g (6 - 8 weeks old),
purchased from Siphat (Ben Arous, Tunisia), were used
in this study. Animals were housed individually and feed
and water were provided ad libitum. After a period of at
later 1 week acclimatizing, animals were divided into
four groups (4 animals each):
1) Control group: animals consumed distilled water as
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drinking water.
2) Cadmium group: animals consumed a solution of
cadmium chloride (CdCl2) (150 mg/l) as drinking water.
3) Mercury group: animals consumed a solution of
mercury (II) chloride (HgCl2) (80 mg/l) as drinking water.
4) Cadmium—mercury group: animals consumed a
solution of CdCl2 (150 mg/l) and HgCl2 (80 mg/l) as
drinking water.
Metal solutions were prepared in distilled water.
After 4 weeks of treatment, rats were weighed and
then euthanized with exsanguinations by severing the
brachial artery after anaesthetizing with ether. Blood was
collected and centrifuged, and the serum was conserved
at −80˚C. The liver was removed quickly from animals,
washed in ice-cold physiological saline, weighed and
treated for histopathological study. Animals were maintained during the experimental period in accordance with
guidelines for animals care of the “Faculte de Medecine
de Monastir”, Tunisia (rats were housed in spacious
cages in spaced and ventilated room with controlled
temperature: 22˚C ± 2˚C and photoperiod: 12-h light/
dark cycle, and have free access to water and food).

2.2. Determination of Serum Liver Function
Markers
The liver function was assessed by the determination of
the activities of alanine aminotransfrase (ALT), aspartate
aminotransferase (AST) and alkaline phosphatase (ALP)
in the serum by automat (Synchron CX9 PRO Beckman
coulter).

2.3. Histological Study
Small liver specimens were placed in Bouin’s fixative
solution and processed routinely by embedding in paraffin. Tissue sections (4 - 5 mm) were stained with periodic
acid/Schiff (PAS) and examined under light microscope.

2.4. Statistics
Data are expressed as means ± SE. Statistical analysis
was performed to compare treated groups with control

group and the combined metal treatment group with the
individually metal treatment groups using a one-way
analysis of variance (ANOVA). Differences at p ≤ 0.05
were considered statistically significant.

3. Results
The ratio of liver weight to body weight was decreased
significantly in the cadmium (p ≤ 0.01) and the combined
metal (p ≤ 0.05) exposed groups, whereas no change was
observed in mercury group compared to control group
(Table 1). In combined group, the ratio of liver weight to
body weight was intermediate and comparable to those in
the individual metal treated groups.
Liver function was evaluated by measuring serum
ALT, AST and ALP activities. The serum ALT activity
was increased significantly in all the treated rats compared to control group (Table 1). The changes in serum
ALT activity observed in the combined metal-exposed
group were significantly lower than those induced by
cadmium and significantly higher than those induced by
mercury.
As shown in Table 1, the serum AST activity was increased significantly in the CdCl2 (p ≤ 0.001) and the
combined metal (p ≤ 0.05) exposed groups, whereas no
change was observed in HgCl2 exposed group compared
to control group. The serum AST activity noted in rats
treated simultaneously with CdCl2 and HgCl2 was significantly (p ≤ 0.01) lower than that in CdCl2 treated rats
and significantly (p ≤ 0.05) higher than that in HgCl2
exposed rats.
Concerning the serum ALP activity, a decrease in this
parameter was noted in all the treated rats compared to
control rats (Table 1). The changes in serum ALP activeity observed in the combined metal-exposed group were
significantly (p ≤ 0.05) lower than those induced by
CdCl2 and significantly (p ≤ 0.001) higher than those
induced by HgCl2.
Light microscopic examination indicated a normal
structure of the liver in the controls (Figure 1). Treatment with CdCl2 caused severe liver damage including
congestion of vessels, vacuolization, polymorphic nuclei

Table 1. Effect of cadmium (150 mg/l) and mercury (80 mg/l) alone and in combination in drinking water for 4 weeks on ratio
of liver weight to body weight and on serum ALT, AST and ALP activities in male rats.
Groups

Parameters
Ratio of liver weight to body weight (%)

ALT (U/L)

AST (U/L)

ALP (U/L)

Control

4.09 ± 0.10

49.0 ± 1.2

101.05 ± 9.9

307.30 ± 7.9

Cd

3.37 ± 0.17

85.3 ± 6.3

186.3 ± 5.9

207.5 ± 12.1

Hg

3.69 ± 0.15

55.5 ± 2.0

109.3 ± 6.6

284.5 ± 1.5

Cd + Hg

3.56 ± 0.18



72.5 ± 2.1

aabbb

136.5 ± 8.9

aab

251.8 ± 4.4abbb

Data are means ± SE; p ≤ 0.05 in comparison to control group; p ≤ 0.01 in comparison to control group; p ≤ 0.001 in comparison to control group; ap ≤
0.05 in comparison to cadmium group; aap ≤ 0.01 in comparison to cadmium group; bp ≤ 0.05 in comparison to mercury group; bbbp ≤ 0.001 in comparison to
mercury group; number of rats = 4 in each group.
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and degenerative hepatocytes (Figure 2). The liver sections of animals treated with HgCl2 showed also a modification in the structure of this organ characterized by
necrosis of hepatocytes, vacuolization of the cytoplasm
of the hepatocytes, polymorphism of nuclei and tissue
and vessel congestions (Figure 3). In the rat treated simultaneously with these two metals, we noted also damage in the hepatic tissue traduced by vacuolation, hypertrophy of hepatocytes, vessel congestions, necrosis and
dilated sinusoidal spaces (Figure 4). But the degree of
these changes was not higher than those signalized in
individual treatment.

4. Discussion
To our knowledge, this is the first report showing the
effects of simultaneous co-exposure to cadmium and
inorganic mercury on the function and structure of the
liver of male rats.
In the present study we have observed a significant
decrease in the ratio of liver weight to body weight in
rats treated with CdCl2 alone. This is in agreement with
previous works [5] showing that cadmium causes an atrophy of liver. On the other hand we did not observe any

Figure 1. Microscopic structure of liver of a control rat: the
organ is organized into lobules with portal triads at the
vertices and a central vein in the middle. Within each lobule,
hepatocytes are normal with well developed nuclei and arranged into hepatic cords running radiantly from the central vein and are separated by adjacent sinusoids (PAS ×
1000).
Copyright © 2013 SciRes.

Figure 2. Microscopic structure of liver of rats consumed
solution of CdCl2 (150 mg/l) as drinking water for 4 weeks:
the liver sections show vessel congestions, vacuolization,
polymorphic nuclei and degenerative hepatocytes (PAS ×
1000).

Figure 3. Microscopic structure of liver of rats consumed
solution of HgCl2 (80 mg/l) as drinking water for 4 weeks:
the liver sections show necrosis of hepatocytes, vacuolization of the cytoplasm of the hepatocytes, polymorphism of
nuclei and tissue and vessel congestions (PAS × 1000).
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Figure 4. Microscopic structure of liver of rats consumed a
solution of CdCl2 (150 mg/l) and HgCl2 (80 mg/l) as drinking water for 4 weeks: the liver sections show vacuolation,
vessel congestions, necrosis and dilated sinusoidal spaces
(PAS × 1000).

change in the ratio of liver weight to body weight in rats
treated with HgCl2 alone. This result may be related to
the dose and the duration of the experiment used since
the same result was obtained previously with dose of
mercury of 50 ppm and for a period up to 10 weeks [12].
The combined treatment group shows an intermediate
ratio of liver weight to body weight when compared to
the individual metal treated groups, suggesting antagonism effect between cadmium and mercury.
The activities of ALT, AST and ALP in the serum of
rats are tested as indicator for hepatic function [13,14]. In
our study, the activities of ALT and AST in the serum of
cadmium exposed rats were significantly elevated, and
the activity of ALP was significantly decreased indicating Cd-related injury to the liver. This result is also reported by other papers [15,16]. Previous studies have
showed that mercury causes a disturbance in liver function manifested by an increase in serum ALT activiyty
[14], and a decrease in ALP activity [17]. In agreement
with these findings our result show an increase in serum
ALT activity and a decrease in serum ALP activity which
reflect that the treatment with HgCl2 caused perturbations
in liver function.
In several organs, cell damage is followed by release
of a number of cytoplasmic enzymes to the blood, a
phenomena that provides the basis for clinical diagnosis
Copyright © 2013 SciRes.
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[18]. Therefore, the increase in ALT and AST activities
noted in this study may be explained by the leakage of
these enzymes from the liver cytosol into the blood
stream. On the other hand, the decrease in ALP activity
may be due to disturbances in the balance between synthesis and degradation of the enzyme.
The enzymatic disturbances produced by the combined
treatment are lower than those produced by CdCl2 alone
and higher than those induced by HgCl2. This might be
attributed to a competition between these two metals.
In the present work, the structure of liver was evaluated on the basis of histopathological findings. Our results show that Cd treatment resulted in severe structural
changes to the liver. Other investigators [12,19] have
noted similar or more pronounced changes in the hepatic
tissue under Cd effect. In rats treated with mercury alone,
we noted, also, a modification in the structure of this
organ. This is in agreement with the finding of Agrawal
et al. [11] who found changes in liver morphology following mercuric chloride administration. In the rat treated simultaneously with these two metals, we noted also
morphological changes in hepatic tissue but the degree of
these changes was lower than those signalized in individual treatment. This result may be attributed to an antagonistic effect between these two metals.
It is to be noted that combined exposure of CdCl2 and
HgCl2 revealed intermediate results in the almost parameters studied. This might due to the competition between the two metals for a single binding site. In fact
previous studies [20,21] have showed that both metals
inhibit hepatic δ-Aminolevulinate dehydratase (δ-ALAD): a sulfhydryl-containing enzyme that catalyzes the
asymmetric condensation of two δ-aminolevulinic acids
(δ-ALA) molecules yielding porphobilinogen,a heme
precursor [22]. Consequently, δ-ALA-D inhibition may
perturb heme-dependent metabolic pathway [23] and can
result in the accumulation of 5-aminolevulinic acid,
which has some pro-oxidant activity [24-26]. Nogueira et
al. [27] show also that the prevailing mechanism for δALA-D inhibition by cadmium and for mercury is likely
related to the formation of stable mercaptides with dALA-D sulfhydryl groups. This means that there is
probably a common point between the mechanisms of
actions of these two metals.
In summary, this study provides added information on
the consequences of simultaneous exposure to cadmium
and inorganic mercury on the liver function and structure.
From the above results it is clear that there is not an additive effect between these two metals.
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