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Introduction
Human activities have greatly increased the release of various 

molecules in the environment that some prove toxic to all living 
beings. These activities include the food industry, metallurgy, mining, 
pharmaceutical, power plants, and paper mills. Among the introduced 
molecules, heavy metals occupied a significant place [1].

The toxic potential of a metal for a living body is based on a myriad 
of parameters. For the same amount, a metal can be toxic under some 
conditions and be safe in others. It is therefore essential to understand 
the ways in which a metal is toxic in order to accurately determine the 
risk it poses in given conditions [2].

Zinc is both essential for metabolism and detoxification of 
xenobiotics, but as metal is a pollutant to the environment, in a few 
doses zinc can cause side effects in human [3-7] and animals [8-14].

The world of biological and medical sciences is invaded by a new 
concept of "oxidative stress" that is to say, a situation in which the cell 
cannot control the excessive presence of highly toxic oxygen radicals. 
Currently, it is well accepted that although oxidative stress is not a 
disease itself, it is potentially involved in many diseases such as trigger 
or associated with complications during their evolution. 

Over production of free radicals can cause an imbalance in cellular 
redox status producing oxidative damage to biomolecules, (lipids, 
proteins, DNA). At the same time, antioxidants, such as glutathione, 
arginine, citrulline, taurine, creatine, selenium, zinc, vitamin E, vitamin 
C, vitamin A and polyphenols help to regulate the ROS thus generated. 
Antiradical is further supported with antioxidant enzymes, superoxide 
dismutase, catalase, glutathione reductase and glutathione peroxidase 
those exert synergistic actions in removing free radicals [15,16].

Selenium is a component of glutathione peroxidases, antioxidant 
enzymes are one of the main defenses against attacks from the body 
produced by oxygen free radicals, this element is in the environment 
.It is widespread in earth's crust, most tissues and living cells [17]. This 
work is an investigation of the opposite role of selenium on the toxic 
effect of zinc in rabbits (Oryctolagus cuniculus).

Materiel and Methods
Animals

Male rabbits strain Oryctolagus cuniculus body weight 1.5-1.9 kg 
was used in this study. They have been housed individually in stainless 
metal cages during an adaptation period of 14 days in a controlled 
temperature/humidity/photoperiod room (22 ± 2°C; 50%; 12 h dark/
light cycle). The feeding of rabbits was based on specific artificial diet 
for rabbits, and they accessed water freely.

Treatment protocol

Rabbits were divided in 4 lots of 5 individuals each: Controls (no 
treatments), treated with ZnCl2 at 0.24 mg/kg/day, treated with Se at 
0.05 µg/kg/day and treated with mixture Zn+Se (0.24 mg/kg/day; 0.05 
µg/kg/day). All treatments are per os (p. o.) way, for 14 days and carried 
out with conformity to the international guidelines for the care and use 
of laboratory animals.

Chemicals

In this study, we used the selenium under sodium selenite (Na2Se3) 
form, and zinc as zinc chloride (ZnCl2), for the treatment of rabbits. 
All chemicals are provided from Larbi Tebessi university laboratories.

After 14 days of treatment, the rabbits were sacrificed and the 
organs were picked up, liver and kidney were recovered, weighed 
and preserved for assays. Some biochemical metabolites (proteins, 
carbohydrates and fats), and some parameters of oxidative stress in the 
liver (GSH, GPx, CAT, MDA, GST) was investigated, emphasizing on 
the role of selenium.
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imbalance state between the formation of free radicals and antioxidant systems.
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Lipids, proteins and carbohydrates estimation protocol

The determination of total soluble carbohydrates was done in 
rabbits liver level by the method of [18] at a wavelength of 490 nm. Liver 
lipids were assayed according to the method of [19], the extraction is 
as [20]. The method used for the determination of proteins is that of 
[21] using BSA (Bovine Serum Albumin) as the standard, on the same 
sample used to assay lipids at wavelength of 595 nm.

Evaluation of GSH, GPx, CAT, GST, MDA

Glutathione (GSH) level was determined according to the 
method of [22]. This assay is based on measuring the absorbance of 
the 2-nitro-5-mercapturic. The latter results from the reduction of the 
acid 5,5`-dithiobis-2-nitrobenzoic acid (reagent Elleman) by groups 
(-SH) of glutathione. Once prepared, must undergo homogenate 
deproteinization (by 0.25% sulfosalicylic acid) to protect the SH-groups 
of glutathione.

The enzymatic activity of GPx was measured by the method of [23], 
using H2O2 as substrate. The spectrophotometric assay of catalase (CAT) 
activity was performed according to the method of [24]. The decrease 
of absorbance is recorded for three minutes by a spectrophotometer at 
a wavelength of 240 nm and an extinction coefficient ε=39400 L. µ/M/
cm.

The activity of glutathione S-transferase (GST) was determined 
according to the method of [25]. It is based on the conjugation reaction 
between GST and a substrate, the CDNB (1-Chloro2,4-dinitrobenzene) 
as a cofactor of glutathione (GST), the conjugation results in the 
formation of a new molecule: 1-S-glutathionyl 2-4-Di nitrobenzene to 
measure the activity of GST.

MDA can be detected by a colorimetric reaction with thiobarbituric 
acid (TBA). Detecting MDA after degradation of polyunsaturated fatty 
acids 3 or 4 Double peroxidized bonds. This is a highly sensitive method 
for determining lipid peroxidation in vitro. The assay of MDA is carried 
out according to the method of [26].

Statistical analysis

The numerical and graphical results are presented as mean 5 
standard error (SE). The significance of the Difference between two 
treatment groups was verified by the Student’s t-test. The degree of 
statistical significance was set at a level of p<0.05. Statistical calculations 
were carried out using Minitab 16 statistical package and the Excel 13.0 
(Microsoft, Inc.).

Results 
Effect of treatments on body weight development

Our results show a significance increase in body weight in the 
group treated with zinc/selenium combination, zinc and Se according 
to the control, contrarily to the group treated with Zn only (Figure 1).	

Carbohydrates, lipids, and proteins levels variations 

Hepatic carbohydrates: The treatment by the zinc induces a very 
high significant decrease (p<0.001) in the glucose level (201 ± 12 µg) 
against (380 ± 9 µg) in controls group. However, the selenium has no 
effect on hepatic glucose level (395 ± 10 µg), and correct the Zn effect 
(400 ± 4 µg) in the combination treatment (Figure 2).

Hepatic proteins level: Our results show that the administration 
of Zinc causes an increase in the proteins level (2.04 ± 0.002 mg) 

according to the control (1.65 ± 0.001 mg). Treatment by selenium 
causes a little increase in the protein level, however, the combination 
treatment correct the impact of Zinc (1.97 ± 0.025 mg) (Figure 3). 

Lipids level variations: Our results show a high significant 
(P<0.01) decrease in hepatic lipid levels after treatment by zinc (240 ± 
10µg). This value is corrected by the supplementation of the Se (310 ± 
20 µg). It is to note that selenium has no effect on the fat level (Figure 4). 

Assessment of GSH and MDA: Treatment of rabbits with 0.24 mg/
kg/day of the zinc during 14 days, results a highly significant (P ≤ 0.01) 
decrease of the glutathione content in the liver (0.055 ± 0.0001 µM/
mg) compared to the control group (0.09 ± 0.002 µM/mg). However, 
in rabbits treated with the combination (Zn/Se) a normal level was 
returned in hepatic glutathione content (0.085 ± 0.0015 µM/mg) 
compared with the control group. It is to note that treatment by Se did 
not affect the level of GSH (Figure 5). 

The Figure 6 shows the impact of Zn and Se on the lipidic 
peroxidation in hepatocytes by the estimation of the MDA level. Zinc 
in 0.24 mg/kg causes a very significant (p<.001) increase in MDA level 
(25.9 ± 0.9 µM/mg) against (15 ± 0.5 µM/mg) in controls. However, 
no significant effect was recorded in the groups treated with Se and 
combination Se/Zn; contrarily it seems that Se correct and protects the 
lipids peroxidation. 

Figure 1: Body weight evolution during the experimental period of 
rabbits in Kg.

 

Figure 2: Variations of hepatic glucose level (µg) after 14 days of 
treatment (***p < 0.001).
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Assessment of oxidative stress enzymes: Treatment by 0.24 mg/kg 
of Zn causes a high significant decrease in enzymatic activity of GST, 
CAT and GPx respectively (0.0005 ± 0.00001 µM/min/mg; 0.0003 ± 
0.00012 µM/min/mg and 0.31 ± 0.02 µM/min/mg), according to the 
group control (0.00075 ± 0.00001 µM/min/mg; 0.0028 ± 0.0002 µM/
min/mg and 0.65 ± 0.05 µM/min/mg), these effects are corrected and 
ameliorated with the supplementation of Se, (Figures 7, 8 and 9).

Discussion
In Ecotoxicology, the majority of researches are destined to the 

investigation of the toxic effects of xenobiotics, while the mechanisms, 
detoxifying and neutralization agents have not yet taken their value as 
objective experimental studies. That is why, in this work, we interested 
as objective, first, to the identification of potential toxicity of zinc on 
some biochemical and redox statute of rabbits Oryctolagus cuniculus, 
second, the opposite effect of selenium as an antioxidant agent.

The results of our experiment suggested that the administration 
of zinc as a stressor, decreases body weight development compared to 
controls (body weight gain). This was confirmed by the work of [27], 
they have shown that the administration of zinc reduced the relative 
liver weight and kidney and decreased body growth in rats.

In contrast, treatment of rabbits by the combination (Zinc/
Selenium) caused an improvement in body weights; this improvement 
is due to the protective effect of selenium against the adverse effects of 
Zinc [28-30].

Our results are in agreement with the bibliographic data of 
[17,31] which showed that the administration of selenium in the rats 
treated with zinc increased the biliary excretion and reduced hepatic 
concentrations of zinc, which leads to the reduction of toxic effects of 

Figure 3: Variations of hepatic proteins (mg) in rabbits after 14 days of 
treatment.

**

Figure 4: Variations of hepatic lipids level (µg) in rabbits after 14 days of 
treatments (**p<0.01).

Figure 5: Variation of hepatic GSH (µM/mg prot.) in the control and treated 
rabbits after 14 days of treatment (p < 0.01).

Figure 6: Variation of MDA (µM/mg) level in hepatocytes after 14 days of 
treatment by Zn, Se and combination Zn/Se (p<0.001).

Figure 7: Effect of Zn and Se treatments on the variation of GST (µM/mg) 
after 14 days of per os administration (p < 0.01).
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zinc. All of these results show that selenium seems to protect or adverse 
the toxic effects of Zinc.

The administration of zinc at 0.24 mg/kg body weight for 14 days 
in rabbits, resulted many disruptions in the biochemical parameters.  
Analysis of the results showed an increase in liver proteins in rabbits 
treated with zinc. We can explain this increase; that the zinc is a 
trace element but at this dose it increased the synthetic activity of 
several enzymes and thus stimulated the emergence of stress proteins 
[17,32,33]. Where they can interact with thiol groups (-SH) of the 
hepatic proteins and reduces the metabolism of these substances, and 
therefore promotes the storage by the second metabolism pathway 
[28,31]. This result confirmed the study of over exposure of rabbits 
to environmental stress (Cadmiun, Copper and Zinc) might alter the 
metabolism of proteins and amino acids and their synthesis in the 
liver [17]. Another face, increased hepatic proteins in selenium group 
explained the beneficial effect (activated synthesis and antioxidant) of 
selenium in the liver, this explanation confirmed by other data.

The decreased rate of carbohydrate in zinc treated group probably 
by the use of cellular energy in their operations, by the increased 
enzymes activity. Both glucagon and zinc stimulated glycogenolysis 
by increasing the phosphorylation of glycogen phosphorylase but 
acted oppositely on glycolysis. Zinc overcame the inactivation of 

pyruvate kinase by glucagon without changing the hormone-induced 
protein phosphorylation. The antagonistic action of zinc and cAMP 
on glycolysis together with the rapid and marked decrease in free 
zinc concentration induced by glucagon (cAMP) may indicate an as 
yet unknown role of zinc as an important mediator of regulation of 
carbohydrate metabolism [34].

This result is in concordance with [35,36] results on rats.  In contrast, 
treatment with the combination Selenium/Zinc showed a normal rate 
of carbohydrate that confirms the protective role of selenium.   

 Treatment with zinc caused a decreased level of  hepatic lipids 
compared to selenium-treated and controls, this decrease can be 
explained by the deterioration of liver fat by activation of lipid 
peroxidation, this pathway stimulated by free radicals where oxidative 
stress generated by zinc, this is in concord with [37]. Our result was 
confirmed by the MDA assay results in liver (very highly significant 
increase) in the group treated with zinc. These results are improved by 
the addition of selenium to the treatment, which confirm the protective 
role of selenium.

The Zinc is known for its antioxidant activity. However, in toxic 
dose, it induces the production of free radicals such as hydrogen 
peroxide (H2O2), hydroxyl radical (HO-), nitric oxide (NO-), superoxide 
anion (O-2), and thus changes the balance between the free radicals 
generated and antioxidant systems, and altering the balance pro-
oxidant/antioxidant and consequently induce oxidative stress [38].

Our study shows that zinc oral gavage at 0.24 mg/kg/day for 14 
days caused and a significant decrease in GSH levels in liver, our results 
are in concord with the results of [39]. The decrease of GSH can be 
explained by several assumptions:

- First, GSH plays a key role in the detoxification of free radicals 
and heavy metals and in the case of zinc, it directly interacts with high 
affinity with thiol groups (-SH) of GSH,

- Second, the glutathione can also interact with the free radicals 
generated by this metalloid.

- Third, Zinc inhibits glutathione synthetase and glutathione 
reductase, so little GSH occurred. All these factors lead to a sharp 
decrease of reduced glutathione (GSH) and an increase in oxidized 
glutathione (GSSG), and consequently a decrease in the activity of 
GSH-dependent enzymes [17,27].

The organism has an arsenal of enzymes that fight against oxidative 
stress. However, these enzymes can be affected by zinc, which acts by 
causing the decrease of the activities of antioxidant enzymes such as 
CAT, SODs, GPx [17]. Thus, it is necessary to measure the activities of 
these enzymes to assess the impact of zinc as oxidative stress inducer 
[27].   GPx is a key antioxidant enzyme, which regulates the level of 
ROS, (GPx is capable of not only reducing the hydrogen peroxide in 
water, but also the resulting hydroperoxides of oxidation of unsaturated 
fatty acids). Thus, protects the cells against damage generated by the 
toxic dose of zinc, and according to our results there is a decrease in 
GPx activity in the liver of rabbits treated with Zinc. This decrease is 
mainly due to an overproduction of hydrogen peroxide and depletion of 
selenium and GSH in detoxification zinc [40]. Which causes a decrease 
of enzymatic activity of GPx (GPx requires glutathione and selenium to 
function properly).

Concerning the glutathione S-transferase (GST), this enzyme 
plays an important role in detoxification of xenobiotics and/or in the 
protection against harmful metabolites generated after degradation of 

Figure 8: Effect of Zn and Se treatments on the variation of CAT (µM/mg) 
after 14 days of per os administration (p < 0.001).

Figure 9: Effect of Zn and Se treatments on the variation of GPx (µM/mg) 
after 14 days of per os administration (p < 0.001).
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macromolecules due to their exposure to oxidative stress [41]. Based on 
our findings, we observed an increase in the GST in the liver. So, GST 
is involved in the detoxification and elimination of these metabolites 
and zinc. The effect of zinc on the GSH and the activities of antioxidant 
enzymes is accompanied by an increase in the amount of free radicals 
like the hydroxyl radical which in turn can initiate lipid peroxidation 
[29], and as shown by our results, a very highly significant increase 
in the rate of malondialdehyde (MDA), which is a biomarker of lipid 
peroxidation [27]. Our results confirm those of [42], who found 
impaired antioxidant status in rats treated with zinc. This alteration is 
accompanied by increased lipid peroxidation and decreased hepatic 
GSH.

 Increased rate of hepatic lipid peroxidation (MDA), the depletion 
of GSH, increase free radicals and decrease the enzymatic activity 
of GPx, these are important factors responsible for tissue damage. 
Catalase (CAT) is the second step in the enzymatic defense system. It 
supports the hydrogen peroxide produced previously by the SODs and 
metabolizes into water [27,30].

In liver cells, a zinc decrease the activities of catalase (CAT) this 
result suggests that the zinc indirectly induces an increase in H2O2; 
therefore, it caused a case of oxidative stress. Moreover, supplementation 
of selenium resulted in substantial improvement, where the rate of 
glutathione, MDA, the enzymatic activities of GPx, GST and CAT levels 
in the liver almost back to normal. This is due to the antioxidant effect 
of selenium, which is a cofactor of many antioxidant enzymes such as 
glutathione peroxidase GPx, the thioredoxin reductase, wherein the 
activity of these enzymes is very dependent on the intake of selenium 
[17,30,40,43].

Our results confirm those of [44] carried out on mice exposed 
to oxidative stress generated by the ozone O3, which showed that 
supplementation of selenium may reduce the imbalance pro-oxidant/
antioxidant, by increasing the rate of reduced glutathione and GPx.

Moreover, Zinc and Selenium are metalloids haves similar chemical 
properties, but different biological effects Selenium is able to interact 
directly with the Zinc, providing some protection against other toxic 
metal toxicity such as cadmium [45-47]. 

In conclusion, this is in vivo experiments to demonstrate that the 
zinc has an oxidative stress on hepatocytes in spite of its role as essential 
element, and the protective role of selenium as an antioxidant agent 
in a very small dose 0.05 µg/kg. However, further studies are needed 
to elucidate the exact mechanism of selenium interaction and more 
investigation on some other antioxidants with zinc and other micro and 
macro elements [48]. 
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