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INTRODUCTION

Nickel (Ni) metal has become an object of great interest because of it’s 
widely distribution in environmental occurrence. In other words, it 

is used in a wide variety of applications including metallurgical processes 
such as catalysis, coinage, foundry plating and electrical components 
such as batteries (1,2). High quantity of nickel has been reported to show 
various toxicities such as pulmonary, renal and cardiovascular effects (3). 
Carcinogenic and mutagenic effects of nickel were also reported (4). The 
most plausible mechanism that may be operative in Ni toxicity would involve 
oxidative stress through generation of reactive oxygen species (ROS), which 
may sustaining lipid peroxidation (5), thereby causing damage to critical 
macromolecules such as proteins, DNA and cell damage or by inactivation 
of antioxidant defense system (6,7). Therefore, depletion of glutathione 
and other endogenous antioxidants may also contribute mainly for the 
development of nickel cytotoxicity threat (8). The oxidative damage may be 
also attributed to the destruction of thiol groups of amino acids and proteins 
(9), since thiol compounds are well known for their free radical scavenging 
property. Compounds rich in free –SH moieties as cysteine and reduced 
glutathione belong to interesting molecules interacting with heavy metal ions 
after their entering through cell. In that case, L-cysteine, a sulphur-containing 
amino acid is known to offer protection to the living system against certain 
toxicants through its ability to increase the thiol status of tissues (10). 
Furthermore, due to the presence of free –SH moieties, this amino acid 
is a part of peptides and protein directly connected with the protective 
mechanisms in a cell against adverse effects of metal ions (11). Hence, these 
molecules have an important role in participating for the detoxification of 
heavy metals, because they have an ability to bind heavy metal ions via –SH 
groups of cysteine units and consequently transport them (12). Moreover, 
L-cysteine was found to increase the activity of glutathione related enzymes 
(13) enhancing the activity of both SOD and CAT and diminish lipid 
peroxidation (11), alleviating LPO and NO through scavenging free radicals. 
Thus, the present investigation was undertaken to determine the protective 
effects of concurrent use of L-cysteine against nickel-induced hepatotoxicity. 

MATERIALS AND METHODS

Chemicals 

Nickel sulfate, L-cysteine, 2-thiobarbituric acid (TBA), butylated 
hydroxytoluene (BHT), 5,5’-dithiobis-2-nitrobenzoic acid (DTNB), 
trichloroacetic acid (TCA), nitrobluetetrazolium (NBT), 1-chloro-2,4-
dinitrobenzene (CDNB) were obtained from Sigma Chemical Co. (St. Louis, 
France) and all other chemicals were of analytical grade.

Experiment design

Male albino (Wistar) rats (180–220 g) were maintained under standard 
conditions of temperature and humidity with 12 h light/dark cycle and fed 
standard pellet diet and water ad-libitum for two weeks as an adaptation 
period. The study protocol was approved by the Ethical Committee of our 
institution. Then, animals randomly divided into four groups of seven rats 
each: group I, rats was served as controls. Group II, rats orally administered 
with L-cysteine (100 mg/kg b.wt) dissolved in distilled water (14). Group 
III received intraperitoneally nickel sulfate (20 mg/kg b.wt.) (15). Group 
IV, rats treated also in the same way with both nickel sulfate and L-cysteine 
simultaneously. The experiment period was lasted for three weeks and at the 
end animals were sacrificed by cervical decapitation after overnight fasting. 
Serum was separated by centrifugation for 10 minutes at 3000 rpm and 
stored at -20°C for the biochemical analysis. Liver was removed immediately, 
rinsed in ice cold saline 0.9%. Then, one part was homogenized in 2 ml 
ice cold TBS (50 mM Tris, 150 mM NaCl, pH 7.4). The homogenate was 
centrifuged at 10.000 g for 15 min at 4°C and the resultant supernatant was 
frozen at -20°C for oxidative parameters determination. The other part was 
fixed in 10% neutral formalin and used for histological examination.

Analytical Methods 

Determination of biochemical parameters

Glucose, alanine aminotransferase (ALT), aspartate aminotransferase (AST), 
alkaline phosphatase (ALP), lactate dehydrogenase (LDH), total proteins, 
total bilirubin in serum were assessed using Spinreact Laboratory Spain 
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Effects of treatments on biochemical parameters

As seen from Table 2, treatment with nickel caused an augmentation of AST, 
ALT, LDH, ALP activities and total bilirubin concentration. Meanwhile, the 
level of serum total protein was diminished. Whereas, the supplementation 
of L-cysteine resulted a decrease in the above mentioned biochemical 
parameters (AST, ALT, LDH, ALP, total bilirubin) and an increase of total 
protein.

Effects of treatments on hepatic oxidative stress parameters

The exposure to nickel produced an increase in MDA level accompanied by a 
reduction in hepatic GSH concentration and hepatic antioxidant enzymatic 
system (SOD, CAT, GSH-Px) activities. Conversely the coadministration of 
L-cysteine produced a reduction in MDA with an increase of GSH and the 
hepatic antioxidant enzymes activities (Table 3).

TABLE 3
MDA, GSH, GSH-Px, CAT and SOD in liver of control rats, 
treated with cysteine, nickel and nickel plus cysteine after three 
weeks of treatment 

Parameters Experimental groups

Control Cys  Ni Ni+Cys

MDA (nmol/mg 
protein) 0.48 ± 0.02 0.47 ± 0.02 0.96 ± 0.05a2 0.46 ± 0.02b2

GSH (nmol/mg 
protein) 108.7 ± 2,9 111.3 ± 4.05 82.35 ± 3.34a2 110.4 ± 3.84b1

GSH-Px (nmol 
GSH/mg prot) 0.68 ± 0.03 0.63 ± 0.02 0.58 ± 0.02a 0.68 ± 0.02b1 

CAT (µmol H2O2/
min/mgprotein) 157.55 ± 3 144.9 ± 4.5 122.7 ± 4.95a2 141.87 ± 3.12ab

SOD (U/mg 
protein) 49.95 ± 2.6 46.52 ± 1.9 29.4 ± 1.74a2 39.13 ± 2.65b

Values are given as mean ± SEM of seven rats each group. Significantly differences 
from control: ap<0.05, a2p<0.001; from Ni: bp< 0.05, b1p<0.01, b2p<0.001.

Histopathological results

Figure 1 demonstrates the histopathological examination of the liver sections 
of controls and the experimental rats. The liver sections of control animals 
showed normal architecture with no damage in the central vein and no 
changes in sinusoids and hepatocytes architecture (Figure 1A). Almost, the 
same histology structure was shown in L-cysteine group (Figure 1B). In toxic 
nickel group, the liver sections indicated hepatic cell necrosis along; a few of 
the hepatocytes were vacuolated with severe damage associated with central 
vein (Figure 1C). In nickel group co-administrated with L-cysteine showed 
nearly normal appearance of binuclei with small size, and nearly restoration 
of some distingerated cell contents (Figure 1D).

DISCUSSION

Nickel is a heavy metal regarded as a potent real human toxicant, having 
the ability to influence cellular antioxidant defense system, which can be a 

diagnostic kits and spectrophotometer (Jenway 6505, Jenway LTD, Essex, UK). 
The references kits were as follow: glucose-41011, AST-1001161, ALT-1001171, 
ALP-1001131, LDH-1001260, bilirubin-1001044, total proteins-100129.

Lipid peroxidation level

The lipid peroxidation level in liver homogenate was estimated as 
malondialdehyde (MDA), which is the end product of lipid peroxidation, it 
reacts with thiobarbituric acid (TBA) as a TBA reactive substance (TBARS) to 
produce a red colored complex that has peak absorbance at 530 nm according 
to Buege and Aust (16). 125 μl of supernatants were mixed with 50 μl of TBS 
and 125 μl of TCA-BHT (trichloroacetic acid–butylhydroxytoluene) in order 
to precipitate proteins and then was centrifuged (1000 × g, 10 min and 4°C). 
Then, 200 μl of the new supernatants were mixed with 40 μl of HCl (0.6 M) 
and 160 μl of TBA dissolved in 26 Mm Tris, and the mixture was heated at 
80°C for 10 min. The absorbance of the resulting supernatants was measured 
at 532 nm. The amount of MDA was calculated using a molar extinction 
coefficient of 1.56 × 105 M/cm.

Reduced glutathione concentration

Liver GSH content was estimated using a colorimetric technique, as 
mentioned by Jollow et al. (17), based on the development of yellow color 
when (DTNB) is added to compounds containing sulfhydryl groups. In 
brief, 0.8 ml of homogenate supernatant was added to 0.3 ml of 0.25% 
sulfosalycylic acid, and then tubes were centrifuged at 2500 x g for 15 min. 
Supernatant (0.5 ml) was mixed with 0.025 ml of 0.01 M DTNB and 1 ml 
phosphate buffer (0.1 M, pH 7.4). Finally, the absorbance was recorded at 
412 nm. Total GSH content was expressed as nmol GSH/mg protein.

Antioxidant enzymes assays

Superoxide dismutase (SOD) activity was determined by measuring of its 
ability to inhibit the photoreduction of NBT (18). Catalase (CAT) activity 
was assayed spectro photometrically as described by Aebi (19); the H

2O2 
decomposition rate was followed by monitoring absorption at 240 nm. 
Glutathione peroxidase activity (GSH-Px) was assayed by the method based 
on the reaction between glutathione remaining after the action of GSH-
Px and 5,5-Dithio-bis (2-nitrobenzoic acid) to form a complex that absorbs 
maximally at 412 nm (20).

Hepatic proteins content

Protein was measured by the method of Bradford (21), using bovine serum 
albumin as a standard.

Liver histopathology examination

Histological evaluation was performed on a lobe of the liver and portion 
of specimen fixed in 10% formalin and embedded in paraffin wax. Then 
sections were cut at 4 μm in thickness, stained with hematoxylin and eosin 
and viewed under light microscope for histological examination (22).

Statistical analysis

Data are shown as means ± SEM. Statistical significance of the results 
obtained for various comparisons was estimated by applying one way analysis 
of variance (ANOVA) followed by Student’s t-test and the level of significance 
was set at p<0.05.

RESULTS

Effect of treatment on body, absolute and relative liver weights

The administration of nickel led to a decrease of body weight with an increase 
of both absolute and relative liver weights. However, the administration of 
L-cysteine raised body weight and decreased liver weight (Table 1).

Parameters  Experimental groups
Control Cys Ni Ni+Cys

Initial body weight (g) 201.33 ± 6.5 203.83 ± 6.3 202.33 ± 6.9 202.3 ± 4.9
Final body weight (g) 250. 3 ± 6.8 227.3 ± 8.0 181.7 ± 11.3a1 216.3 ± 7.6b

Absolute liver weight (g) 7.39 ± 0.38 7.2 ± 0.3 8.94 ± 0.46 6.72 ± 0.43b

Relative liver weight 
(g/100 g bw) 2.84 ± 0.16 5.21 ± 0.21 5.21 ± 0.36a 2.94 ± 0.18b

Values are given as mean ± SEM of seven rats each group. Statistically significantly 
differences from control: ap<0.05, a1 p<0.01; from Ni: bp<0.05

TABLE 1
Body weight, absolute and relative liver weights of control and 
experimental rats after three weeks of treatment

Parameters
Experimental groups

Control Cys Ni Ni+Cys

GOT (U/L) 145.9 ± 5.5 149.82 ± 7.36 224.2 ± 12.12a2 158.8 ± 6.5b1

GPT (U/L) 63.7 ± 2.62 64.23 ± 1.65 84.13 ± 2.5a1 65.07 ± 3b1

ALP (U/L) 129 ± 1.9 139.3 ± 6.71 164.62 ± 9.27a 141 ± 2.43ab

LDH (U/L) 318.3 ± 8.5 314.2 ± 9.4 397.1 ± 14.7a2 305.2 ± 9b1

Total proteins 
(g/dl) 8.02 ± 0.36 7.47 ± 0.62 5.55 ± 0.44a 7.43 ± 0.67b

Total bilirubin 
(mg/dl) 0.683 ±0.06 0.836 ± 0.065 1.225 ± 0.079a2 0.833 ± 0.071b

Values are given as mean ± SEM of seven rats each group. Statistically differences 
from control: ap<0.05, a1 p<0.01, a2 p<0.001; from Ni: bp<0.05, b1 p<0.01.

TABLE 2 
Hepatic biochemical parameters in serum of control and 
experimental rats after three weeks of treatment
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L-cystiene against nickel induced hepatotoxicity in AW rats

hepatotoxic agent (23). The increased level of Ni accumulation in the liver 
could be discussed by his great affinity for SH-containing molecules. Hence, 
SH group is involved in the function of many enzymes; the Ni-SH complex 
possibly disturbs many functions of cell mainly mitochondrial dysfunction. 
The treatment of this toxicity can include chelation or antioxidant 
administration to remove nickel and scavenge generated ROS. There are 
many appreciated studies have demonstrated the potential use of cysteine 
as ROS scavenger, possesses potent antioxidant activity on the basis of its 
sulfhydryl group within its structure (24). Therefore, this study devoted to 
assess and examine the possibility of this amino acid to prevent the alterations 
induced by nickel sulfate in kidney tissues of male albino Wistar rats. The 
body weight change is used as a good index of the overall health status. So 
in our study, changes in rats’ body weight along with liver weights can act as 
an essential indication of nickel toxicity. The decreased body weight gain of 
rats observed in this study could be due to low food consumption (25), or as 
a result of the overall increased degeneration of lipids and proteins (26). The 
findings indicated also an increase of absolute and relative liver weight. This 
might be as a result of hypertrophy and the selective accumulation of nickel 
in the liver (27) or nickel can lead to cell death by apoptosis of certain cell 
lines, due to the accumulation of toxic lipid derivatives such as ceramides. 
The later induce cellular hypertrophy of the target organ (28). However, 
the co-administration of L-cysteine with nickel to animals improved body 
and liver weights. Many studies have reported that L-cysteine showed 
significant protective effect against damage induced by heavy metals such 
as arsenic and cadmium (14,29). A decline in serum proteins level and an 
increase of bilirubin were recorded in nickel group. The decrease in proteins 
concentration of Ni-treated rats probably due to changes in protein synthesis 
and/or metabolism (30). The observed hyperbilirubinemia might be due 
to excessive heme destruction and blockage of biliary tract in nickel-treated 
rats. This obstruction might have resulted to mass inhibition of conjugation 
reaction and release of unconjugated bilirubin from damaged and dead 
hepatocytes (31). The activities of serum transaminases, alkaline phosphatase 
and lactate dehydrogenase were also significantly increased. This it could 
be attributed to the hepatic damage resulting a release and leakage out of 
these enzymes from the liver cytosol into the blood stream, which gives an 
indication on the hepatotoxic effect of this metal (32). Interestingly, the 
biochemical perturbations seem to be correlated with the liver histological 
alterations such as the presence of cellular debris within a central vein, a 
cytoplasmic vacuolization, plasma membrane destruction and cellular 
hypertrophy. Simultaneously the co-treatments with L-cysteine increased 
protein concentration and reduced bilirubin level, AST, ALT, ALP and 
LDH activities, suggesting that these compound offered a considerable level 
of hepatoprotection through a contributory hepatoprotective mechanism, 
which accelerates the regeneration process and the production of liver cells 
(33). It was reported that L-cysteine attenuate selected drug and chemical-
induced hepatotoxicities. In other words, the thiol group and L-cysteine has 
a high affinity for heavy metals, and a supplement can be used to remove 
them from the body and allow these metals to be excreted in the usual 
fashion (14,34). Nickel is well known to produce oxidative damage in liver 
by enhancing lipid peroxidation (35). Lipid peroxidation is supposed to 

cause the destruction and damage to cell membranes, lead to changes in 
membrane permeability and fluidity and enhance the protein degradation 
(36). Corroborate with the findings of this investigation, the administration 
of nickel resulted in a significant increase in LPO as indicated by the 
significant increase of MDA. It has been generally reported that treatment 
with nickel causes an accumulation of iron, which in turn generate ROS 
via Haber–Weiss and Fenton’s reaction. The obviously decrease GSH in 
nickel group was in accordance with previous reports (8,37). Moreover, the 
results showed also that nickel administration induced a signiflcant decrease 
SOD, CAT and GSH-Px activities, which confirms the work of Misra et al. 
(33), Hfaïedh et al. (38) and Boulila et al. (39). This might be due to their 
increased utilization in scavenging free radicals induced by the metal, thus 
causing irreversible inhibition in their activities or due to direct binding of 
the metal to the active sites of these enzymes (5,40). In other words, SOD was 
inhibited by hydrogen peroxide, while GSH-Px and catalase were inhibited by 
an excess of superoxide radical (41). The results observed in the present study 
highlight the fact that L-cysteine protects against nickel toxicity evaluated 
through the reduction of MDA and increase of the antioxidant defenses 
system including GSH level and SOD, CAT, GSH-Px activities. Similarly 
protective effects of L-cysteine against oxidative damages induced by various 
toxins were recently reported (11,42). So the protective action of L-cysteine 
might be due to enhance glutathione production by providing more 
substrate for reactive intermediates that promote detoxification mechanisms 
and increasing the antioxidant enzymes activities as well as their anti-oxidant 
and free radical scavenging effects, preventing oxidative degradation of the 
biological membranes (43).

CONCLUSION

The co-administration of L-cysteine alleviated nickel oxidative damage effects 
by inhibiting ROS generation. The histological studies also supported the 
beneficial role of L-cysteine against Ni-induced hepatic damages. Therefore, 
it is suggested that L-cysteine could protect hepatic tissues against Ni-induced 
oxidative stress probably through its antioxidant properties.
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