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ABSTRACT 

 
This study was designed to compare the be-

tween the toxic of aluminum chloride (AlCl3) and 
mercuric chloride (HgCl2) on biochemical markers 
of liver function, and lipid profiles in Wistar rats. 
Forty-two male albino Wistar rats were equally di-
vided into three main groups as untreated control 
(n= 6) group and two treated (n = 6) groups which 
then were subdivided each into three different sub-
groups depending on the metal type and doses, 
namely AlCl3 at doses 7.6, 12.66, and 38 mg/kg body 
weight (bw), and HgCl2 at doses 0.1, 0.2, and 0.4 
mg/kg (bw). Treatments were given to rats orally for 
28 days. Results showed a decrease in body weight, 
and an increase in relative and absolute liver 
weights, in addition to a significant increase in the 
levels of serum glucose, bilirubin (total and direct), 
cholesterol and triglycerides, and the enzymatic ac-
tivities of transaminases (TGO, TGP) and alkaline 
phosphatase (PAL), and conversely a decreased 
level of total proteins in Al and Hg treated animals 
compared to the controls. The biochemical altera-
tions were supported by the histopathological evalu-
ation of the liver, showing vascular congestion, si-
nusoid disintegration, centrilobular vein disintegra-
tion, and inflammatory cell infiltration. In conclu-
sion, AlCl3 and HgCl2 have induced liver dysfunc-
tion, and HgCl2 was proved to be a very toxic metal 
compared to AlCl3.  
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INTRODUCTION 

 
Heavy metals are pollutants generated by hu-

man activity and can induce serious toxicological ef-
fects on plants, and the health of humans consuming 
common contaminated food products [1, 2].  

Heavy metals (e.g. mercury and aluminum) of 
which some are carcinogens, and all even at low con-
centration levels can cause harmful effects, as well 
as they, tend to accumulate in the food chain [3].  

The general population is exposed to metals via 
consumption of contaminated water and foodstuffs, 
via inhalation of contaminated air, or direct skin con-
tact, leading consequently to adverse health effects 
[4].   

Aluminum (Al) is a ubiquitous abundant heavy 
metal in the earth’s crust [5]. Its typical physico-
chemical properties make it a widely used metal in 
building, transportation systems (vehicles, planes, 
trains, etc.), food packaging, kitchen utensils, pyro-
technics, personal care products pose, and medicines 
including vaccines as adjuvants or active ingredients 
in antacids, etc... [6, 7]. As a result, humans face a 
considerable toxic risk likely leading to complica-
tions and disturbances of vital functions and neuro-
degenerative diseases [8, 9], in addition to metal bi-
oaccumulation in various body organs, including 
bones, liver, kidneys, brain, etc. [10].  

Moreover, mercury (Hg) is a highly toxic metal 
causing a range of adverse health effects, including 
neurological, renal, respiratory, immune, dermato-
logical, reproductive, and developmental effects 
[11]. It enters the human body primarily through the 
digestive and respiratory systems, then is transported 
through the bloodstream to soft target organs (liver, 
kidneys, lungs, and brain) where it highly accumu-
lates [12]. Additionally, mercury alters cell biology 
by interfering with several metabolic pathways and 
physiological processes, and it was reported even at 
low doses it can induce adverse effects on kidney 
function and may lead to liver necrosis [13].  

Overall, the toxicity of heavy metals, including 
Al and Hg involves the induction of oxidative stress 
via the generation of reactive oxygen species, lead-
ing to oxidative organ injuries [3]. As reported [14], 
the liver is the main organ in the body for eliminating 
toxic waste because it has an enzymatic system in-
volved in the detoxification process and the neutral-
ization of all toxic compounds.  Since no compara-
tive study investigating the toxic effects of Al and 
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Hg on liver function is available, the present study 
was therefore undertaken to compare the toxic ef-
fects of AlCl3 and HgCl2 on liver function biochem-
ical markers and lipid profiles in Wistar rats. 
 
 
MATERIALS AND METHODS 

 
Biological materials. Forty-two male albino 

Wistar rats aged eight weeks, and weighing between 
180 and 220 g were obtained from the Pasteur Insti-
tute of Algiers, Algeria. The rats were kept in plastic 
cages in an animal house at a temperature of 22 +/- 
2° C and a standard relative humidity with a 12-h 
light/dark cycle. The animals had free access to wa-
ter and food diet prepared according to [15]. The An-
imal Care Committee and the Ethics Committee of 
our Institution authorized all experimental proce-
dures. 

 
Chemical materials. Aluminum chloride An-

hydrous form (III) (AlCl3. 6 H20) and mercury chlo-
ride (HgCl2) were purchased from Sigma Aldrich 
Company (St. Louis, MO, USA). 

 
Experimental protocols. The rats were di-

vided into three main experimental groups (6 
rats/group), including two treated groups and the 
control untreated group received drinking water by 
gavage. The two treated groups were subdivided 
each into three subgroups received aluminum chlo-
ride (AlCl3) (mg/kg body weight (bw)) in doses cor-
responding to 1/50, 1/30  and 1/10 of the LD50, re-
spectively, 7.6, 12.66, and 38 mg/kg, and mercury 
chloride (HgCl2)  in doses corresponding to 1/10, 
2/10  and 4/10 of the LD50, respectively 0.1, 0.2, and 
0.4 mg/kg (bw).  

AlCl3 and HgCl2 solutions were given orally to 
rats as 1ml of each for 28 consecutive days. After the 
treatment period, animals were sacrificed by decapi-
tation to avoid stress effect, the collected blood sam-
ples into dry tubes were centrifuged at 3000 rpm for 
10 minutes, and the resulting serum samples were 
used for the biochemical analyses. In addition, the 
liver samples of each animal from control and treated 
groups were immediately removed and rinsed in a 
0.9% sodium chloride (NaCl) solution, then weighed 
and fixed in formalin for histopathological evalua-
tion. 

 
Biochemical analysis. The biochemical pa-

rameters, including glucose, cholesterol, triglycer-
ides, total proteins, total bilirubin (BT), direct biliru-
bin, transaminases (TGO and TGP), alkaline phos-
phatase ALP were spectrophotometrically evaluated 
by the enzymatic colorimetric method (Mindray BA-
88A). 

 
Histopathological evaluation. Liver frag-

ments from each experimental group were fixed in 

formalin solution for 24 hours, and then subjected to 
histological procedures as previously described [16]. 
In brief, liver sections were dehydrated using a 
graded series of ethanol and then embedded in par-
affin wax. Liver paraffin sections were sliced into 
5μm thick and stained with hematoxylin and eosin. 
The histological slides were examined under a light 
microscope (Optika B-290). 

 
Statistical analysis. Results are displayed as 

mean ± SE of the mean. The differences between the 
experimental groups were tested by one-way 
ANOVA (analysis of variance) followed by a Stu-
dent's t-test, using SPSS software (Version 20.23). 
The difference is considered significant at P < 0.05. 
 
 
RESULTS 

 
Physiological observations. As indicated in 

Table 1, the body weight significantly reduced 
(p<0.05) in 0.2 and 0,4 mg/kg bw HgCl2 treated ani-
mals compared to controls, meanwhile AlCl3 treat-
ment did not induce any significant variation in body 
weight.  Further, the absolute and relative liver 
weights increased significantly (p<0.05) in rats 
treated with AlCl3 at 12 .66 mg/kg bw, but AlCl3 at 
38mg/Kg bw induced a highly significant (P ≤ 0.01)  
increase in the absolute liver weight,  and a very 
highly significant (P˂0.001) increase in relative liver 
weight compared with the control group. While, 
0,4mg/kg bw HgCl2 treatment caused a very highly 
significant increase (P˂0, 001) in the absolute and 
relative weights of the liver, but 0,2mg/kg bw HgCl2 
treated group revealed a highly significant (P≤0.01) 
increase in liver weights. On the other hand, the low 
dose of 0.1 mg/Kg bw of HgCl2 induced a significant 
(p< 0.05) increase in the absolute liver weight and a 
highly significant (P ≤ 0.01) increase in the relative 
liver weight as compared with control rats. 

 
Biochemical evaluations. The serum glucose 

level increased, significantly (p<0.05), highly signif-
icantly (P ≤ 0.01) and very highly significantly 
(P˂0.001) respectively in 0.1mg/Kg bw, 0,2mg/kg 
bw and 0,4mg/kg bw HgCl2 treated rats compared to 
controls. Comparatively, a highly significant (P ≤ 
0.01), and significant (p< 0.05) increase in the serum 
glucose level was noticed, respectively in 38mg/Kg 
bw and 12.66 mg/kg bw AlCl3 treated rats, along 
with no significant change in 7.6 mg/kg bw AlCl3 
treated rats when compared with control rats.  

Regarding the liver enzymatic activity, both 
chemicals induced marked elevation in transami-
nases (TGO and TGP) and ALP activity compared 
with control rats. Here, 0.1mg/Kg bw,  0.2mg/Kg bw  
and 0.4mg/Kg bw  of HgCl2 treated animals com-
pared to controls caused, respectively a significant 
(P˂0.05), a highly significant (P˂0.01), and a very 
highly significant (P˂0.001) increase in the activity  
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TABLE 1 
Bodyweight and liver weights (absolute and relative) in control and treated rats with AlCl3 and HgCl2. 

 
Parameters 

Treatments    
Control ALCL3D1 ALCL3D2 ALCL3D3 HgCL2D1 HgCL2D2 HgCL2D3 

Initial weight (g) 239,67±9,93 238,50±8,26 238,83±8,01 239,83±6,49 241,17±8,75 239,50±5,85 240,67±6,08 
Final weight (g) 250,17±12,89 244±4,77 239,17±5,84 239,50±4,32 238,83±4,53 236,17±6,36

* 
235,50±4,59* 

Absolute liver 
weight (g) 

5,55±0,16 5,75±0,33 6,09±0,46* 6,40±0,52** 6,15±0,55* 6,63±0,65** 7,54±0,49*** 

Relative liver 
weight (g/100 g 

b.w.) 

2,22±0,11 2,35±0,12 2,55±0,23* 2,67±0,17*** 2,57±0,21** 2,81±0,33** 3,20±0,23*** 

*p < 0,05; ***p < 0,001: Significant difference compared to the control group. 
 

of these enzymes when compared with controls. In 
parallel, the enzymatic activity was, respectively in-
creased significantly (P ≤ 0.05), highly significantly 
(p<0.01), and not significantly in 12.66 mg/kg bw, 
38mg/Kg bw, and 7.6 mg/kg bw AlCl3 treated rats 
compared to controls (Table 2). 

Moreover, the serum concentration of bilirubin 
(direct and total bilirubin) was increased signifi-
cantly (p < 0.05), highly significantly (p < 0.01), and 
very highly significantly (p < 0.001) respectively in 
0,1mg/kg bw, 0,2mg/kg bw  and 0,4mg/kg bw  
HgCl2 treated animals compared to controls. This pa-
rameter was also increased significantly (p<0.05) 
and highly significantly (P ≤ 0.01) respectively in 
12.66 mg/kg bw and 38mg/kg bw AlCl3 treated 
groups compared with the control group, since the 
low dose of AlCl3 (7,6mg/kg bw) did not cause sig-
nificant change.  

In addition, the level of the serum total proteins 
was decreased significantly (p<0.05), highly signifi-

cantly (P˂0.01) and very significantly (P˂0.001), re-
spectively in 0,1mg/kg bw, 0,2mg/kg bw and 
0,4mg/kg bw  HgCl2 treated groups compared with 
control group. By comparison, the serum concentra-
tion of this parameter was not significantly changed, 
significantly (p< 0.05) and highly significantly de-
creased in 7.6 mg /kg bw, 12.6 mg /kg bw and 38 mg 
/kg bw AlCl3 treated rats compared with controls 
(Table 2). 

 
Lipid profiles. As indicated in Table 3, sub-

acute oral exposure of AlCl3 and HgCl2 for 28 days 
induced an increase in cholesterol and triglyceride 
levels compared to the control group. Precisely, 
these parameters were highly significantly (p < 0.01) 
and very highly significantly (p < 0.001) increased 
respectively in 0,2mg/kg bw  and 0,4mg/kg bw  
HgCl2 when compared with control group, while 
0,1mg/kg bw  HgCl2 showed a significant decrease 
in these parameters as compared with those of  

 
TABLE 2 

Effect of AlCl3 and HgCl2 on hepatic biochemical markers. 
Parameters Treatments    

Control ALCL3D1 ALCL3D2 ALCL3D3 HgCL2D1 HgCL2D2 HgCL2D3 
Glucose (g/l) 0,78±0,026 0,81±0,023 0,82±0,018* 0,85±0,030** 0,82±0,027* 0,86±0,046** 0,95±0,047*** 
ASAT (U/L) 114,6±9,65 122,28±5,28 127,11±5,45* 134,06±6,09** 126,9±5,37* 132,7±4,22** 148,4±3,67*** 
ALAT (U/L) 44,38±2,90 47,51±3,87 48,5±2,57* 51±3,73** 48,71±3,60* 53,33±4,54** 58,20±5,49*** 
ALP (U/L) 134,31±4,10 139,28±5,33 141,37±4,42* 144,52±5,43** 140,54±3,45* 143,53±3,62** 152,44±5,13*** 
TB (mg/L) 1,06±0,043 1,09±0,041 1,11±0,018* 1,18±0,077** 1,12±0,028* 1,29±0,15** 1,60±0,29*** 
DB (mg/l) 0,39±0,036 0,41±0,030 0,44±±0,030* 0,51±0,063** 0,44±0,038* 0,49±0,052** 0,57±0,045*** 
Total pro-
tein (g/L) 

84,34±3,35 82,12±1,64 80,45±1,30* 76,21±3,37** 80,33±2,50* 75,22±4,23** 67,16±2,77*** 

TB: total bilirubin; DB: direct bilirubin; ASAT: aspartate aminotransferase; ALAT: alanine aminotransferase; ALP: alkaline 
phosphatase.  
*p < 0,05; **p < 0,01; ***p < 0,001: Significant difference compared to the control group 

 
TABLE 3 

Effect of AlCl3 and HgCl2 on the lipid profiles. 
 

Parameters 
Treatments    

Control ALCL3D1 ALCL3D2 ALCL3D3 HgCL2D1 HgCL2D2 HgCL2D3 
Cholesterol 

(g/l) 
0,71±0,023 0,72±0,059 0,76±0,050* 0,81±0,075** 0,75±0,038* 0,77±0,045** 0,88±0,06*** 

Triglycer-
ides (g/l) 

0,64±0,033 0,67±0,037 0,71±0,052* 0,76±0,055** 0,72±0,07* 0,74±0,044** 0,83±0,050*** 

*p < 0,05; **p < 0,01; ***p < 0,001: Significant difference compared to the control group 
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7,6mg/kg bw AlCl3 treated rats, showing no signifi-
cant changes. Further, the serum levels of lipid pa-
rameters (cholesterol and triglycerides) showed a 
significant (P ≤ 0.05) and a highly significant (P ≤ 
0.01) increase, respectively in 12.66 mg/kg bw and 
38 mg/kg bw AlCl3 treated rats compared to those in 
controls. 

 
Histopathological observations. Microscopic 

observation of liver histological sections from con-
trol rats showed normal structural architecture of 
hepatocytes; rounded or hexagonal hepatocyte cells 
separated by central veins (Figure 1A).   

The administration of AlCl3 at a dose of 7.6 
mg/kg bw caused dilation of the centrilobular vein 
and vascular congestion (Figure 1B), while 0.2 
mg/kg HgCl2 treatment-induced various pathological 
alterations in the rat liver, evidenced by vascular 
congestion and inflammatory infiltration (Figure 
2B).  

Moreover, 12.66 mg/kg bw AlCl3 treatment 
caused dilation of the centrilobular vein, vascular 
congestion (Figure 1C), and similarly, 0.2 mg/kg of 
HgCl2 led to significant vascular congestion, dilation 
of Sinusoids and inflammatory infiltration (Figure 
2C). Also, 38 mg/kg bw   AlCl3 treatment caused 

vascular congestion, dilation of the centrilobular 
vein, dilation of sinusoids, slight infiltration (Figure 
1D).  

However, the dose of 0.4 mg/Kg bw of HgCl2 
caused very significant vascular congestion, dilation 
of the centrilobular vein and dilation of sinusoids. 
 
 
DISCUSSION 

 
In this study, we evaluated firstly the changes 

in rat body weight following the metals treatments. 
This physiological parameter is a valuable indicator 
in assessing the toxicological risks in chemicals ex-
posed to human and experimental animals [17]. 

In our experimental conditions, results showed 
a marked decline in body weight in HgCl2 exposed 
rats compared to controls, and this is in line with that 
previously reported [18]. This effect may be ex-
plained by the action of mercury on the transfer of 
nutrients (amino acids, glucose, and essential miner-
als, including selenium, zinc, magnesium, iron, etc.) 
through the bloodstream, and as a result, the absorp-
tion of food by the body can be weak.   

 

 
FIGURE 1 

Light microscopic observation of the liver stained by hematoxylin and eosin  
(HE) in control and AlCl3 treated rats.  

A): Control rats, B): AlCl3 7,6mg/kg; C): AlCl3 12,66mg/kg; D): AlCl3 38mg/kg for 28 days (G x 400). 
H:  Hepatocyte, CV:  Centrilobular vein, S: Sinusoids, SD: Dilated sinusoids, VCD: Dilated centrilobular vein, CV: Vascular 
congestion, IF:  Slight infiltration. 
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FIGURE 2 

Light microscopic observation of the liver stained by hematoxylin and eosin (HE) in control (A) and HgCl2 

treated rats (B). B): HgCl2 0,1mg/kg (bw); C): HgCl2 0,2mg/kg (bw);  
D): HgCl2 0,4mg/kg (bw) for 28 days (G x 400). 

H:  Hepatocyte, CV:  Centrilobular vein, S: Sinusoids, SD: Dilated sinusoids, VCD: Dilated centrilobular vein, 
CV: Vascular congestion, IF:  Slight infiltration. 

 
Unlike this result, AlCl3 did not cause marked 

variations in rat body weight, and this disagrees with 
those obtained by Buraimoh and Ojo [19] proving 
that the exposure to increasing doses of AlCl3 (475 
to 1900 mg/kg) caused significant body weight loss 
in Wistar rats. On top of that, a reduction in water 
and food intake and transient diarrhea resulted in de-
creased final body weight was reported in rats re-
ceiving 80 mg/l AlCl3 for 3 months [20].  

As reported Simons et al [21], the increase in 
absolute or relative animal organ weights is a valua-
ble indicator of toxicity of tested chemicals. In this 
context, our results revealed a significant increase in 
the absolute and relative liver weights in AlCl3 and 
HgCl2 exposed rats compared with controls. This is 
somehow related to the accumulation of these metals 
in the liver as their main target organ [22].  

Furthermore, the liver enzymatic activity of 
transaminases (TGO, TGP), and alkaline phospha-
tase (ALP) were significantly increased in AlCl3 and 
HgCl2 treated rats when compared with control rats. 
These enzymes are the main markers of liver toxic 
injuries [23]. The hepatic injuries associated with 
AlCl3 – induced hepatotoxicity in rats lead to a sig-
nificant increase in the enzymatic activity of the liver 
enzyme markers, including transaminases 
(GPT/TGO) and alkaline phosphatase (ALP) [24, 25, 
26, 27, 28]. Similarly, the significant increase in the 
enzymatic activity of TGP, TGO, and ALP observed 
in HgCl2 – treated rats may be explained by the al-
terations in the cell membrane permeability resulting 

in the leakage of cell proteins, including enzymes 
from the liver tissue to the bloodstream [13].  

Results showed also an increase in the concen-
tration of bilirubin (total and direct) in rats treated 
with AlCl3 and HgCl2. As reported, the increased 
level of bilirubin in chemicals intoxicated rats indi-
cates liver dysfunction, and accordingly, [29,30] 
have proved this finding in their studies. The hyper-
bilirubinemia associated with the toxicity of various 
chemicals is an indicator of liver injuries [31].  

On the other hand, the level of serum total pro-
teins was reduced in AlCl3 and HgCl2 treated rats 
compared with controls. This is likely due to the de-
crease in the protein synthesis process, as well as the 
strong binding of mercury with the protein thiol 
groups (SH, OH), and the free radicals generated by 
this metalloid, make proteins have desaturated and 
fragmented structure, or lose their primary and sec-
ondary structures [32].  

Similar results have been reported in some 
studies investigating the toxicity of Ni in mice [33, 
34], and suggesting that nickel can modify protein 
and amino acid metabolism and their synthesis in the 
liver.  

In this study, the hyperglycemia observed in 
AlCl3 and HgCl2 treated rats compared with controls 
is likely due to the inhibition of insulin production 
by the islets of Langerhans or to the incapacity of 
using glucose by body cells [35].  
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Additionally, the Al intoxicated rats may result 
in disruption of carbohydrate metabolism through in-
creased hepatic glycogen breakdown, which is pos-
sibly due to increased adrenocorticotropic hormones 
and glucagon and/or reduced insulin activity [36].  

Regarding the effect of treatments on lipid pro-
files, our findings showed a significant increase in 
the serum concentration of cholesterol and triglycer-
ides in rats intoxicated with AlCl3 and HgCl2 com-
pared to control rats. This increase may be the result 
of the intense degradation of lipids in the adipose tis-
sues in the body [37]. In addition, the observed ele-
vation of serum levels of cholesterol and triglycer-
ides may indicate a possible oxidative lipid peroxi-
dation of the cell membrane [38,39].  

The adverse biochemical alterations caused by 
AlCl3 and HgCl2 toxicity were supported by the liver 
histopathological observations, indicating vascular 
congestion, the disintegration of sinusoids, disinte-
gration centrilobular vein, infiltration of inflamma-
tory cells, congested sinusoids and blood vessels, 
cellular degeneration with nuclear pyknosis, and the 
presence of necrotic areas. These histological dam-
ages were similarly reported in the study by El-
Sayed et al [40] investigating the hepatotoxicity of 
AlCl3 in mice. 
 
 
CONCLUSION 

 
The present study demonstrated that exposure 

of rats to aluminum chloride and mercury chloride-
induced a hepatotoxicity injury characterized by 
marked liver biochemical alterations and histologi-
cal damages. These changes were greater for HgCl2 
than those for AlCl3, and this is evidenced by the 
lower LD50 value of HgCl2 than that of AlCl3. 
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