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ABSTRACT 

   The objective of this work was to study the protective effect of zinc acetate and Zinc Nanoparticles biosynthesized by 

Aristolochia longa extract against variations in biochemical parameters and oxidative stress in rats exposed to nickel. 

Twenty female Wistar rats divided into four groups (n=5); Control, Nickel, Nickel + zinc, Nickel + ZnNPs. Nickel (20mg / 

kg feed), Zinc (231 mg/kg feed) as ZnSO4 7H2O and ZnNPs (100mg/kg feed) were added to the feed of the animals in 

groups for 20 days. Results show. In this study, there was also a significant rise in relative liver and kidney weight 

(p0.05)., blood glucose, lipid profile,  urea, creatinine,  uric acid concentration transaminases  and a considerable decrease 

(p0.05) in body weight gain in rats contaminated with nickel compared to control. The results also revealed an increase in 

liver Ni, tissue MDA and a decrease in liver zinc, tissues GSH and SOD levels. The addition of zinc and zinc nanoparticles 

to the diet of rats exposed to nickel partially corrected previous parameters. The experiment demonstrates the great 

effectiveness of zinc, especially in the nano- form bio-synthesized by Aristolochia longa extract, in reducing the toxic 

effects of nickel on the liver and kidneys of rats. 
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Introduction 
 

Many harmful heavy metals have been exposed to man and his surroundings as a result of the 

rapid development of technological sciences, industries (chemical and metallic), medicine and 

agriculture [1]. As the main problem with these toxic elements is their presence as polluting 

elements for water or human food, which characterizes the most prevalent cases in developing 

countries [2]. The nature of their toxicity can vary depending on the form in which they enter the 

body (metal itself, vapor, inorganic or organic derivatives, water-or fat-soluble, etc [3]. Nickel 

comes in different chemical forms, but it only effectively enters cells in the bivalent cationic form 

(Ni2) or in the form of nickel chloride or sulfate [4]. The nickel ion can cause direct damage to 

all cellular components: peroxidation of lipids, proteins and nucleic acids, due to attacks by free 

radicals generated by nickel [5]. Numerous studies indicate a massive production of oxidizing 

species and the inhibition of the activities of the main antioxidant enzymes due to the cytotoxicity 

of nickel in a cell can favor an excessive cell death or a tumor evolution [6]. Zinc is part of a 

biotherapy system characterized by its high antioxidant power which plays a role in reducing the 

production of ROS [7]. The progress made in time is evident from the development in technology 

that has revealed the ability of minerals to perform specific functions better than the shape of 

metals [8]. The use of naturally occurring reagents such as plant extracts and microbes as 

reductant and capping agents in biosynthesis to create nanoparticles could be deemed appealing 

for nanotechnology [9]. Because of its unique catalytic and antibacterial capabilities, as well as 

its inexpensive cost and wide range of uses, zinc oxide nanoparticle is considered one of the most 

promising and revolutionary materials [10]. The biological methods for synthesis of ZnO NPs by 

using plants and their extracts have been suggested as the effective eco-friendly methods of 

nanoparticles synthesis. [11]. Plant materials, in compared to microbial and chemical approaches, 

are unquestionably more benign for the manufacture of zinc oxide nanoparticles since they pose 
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no threat of bacterial and dangerous chemical contamination and need less energy [12]. The  aim  

of  present  study is to evaluate the toxic effects of nickel in    rats and to study the effectiveness 

of therapeutic systems based on zinc  acetate and a new form of zinc; nanoparticle zinc (ZnNPs) 

biologically synthesized from Aristolochia longa  on  biochemical blood parameters alteration  as 

well as the evaluation of parameters of  oxidative stress in liver and kidney. 

 

 

Materials and methods 

Animals and experiment design 

Our study carried out on twenty female Wistar type rats, from the Pasteur Institute of Algiers, 

eight weeks old with a weight of 184.84 ± 8.48. The animals are bred at the pet store in the 

Faculty of Nature and Life Sciences at Echahid University HammaLakhdar-El-Oued. They 

submit to a period of adaptation to the conditions of the animal house for about a month at a 

temperature of 18 ±0.18°C. The rats are housed in plastic cages and fed a standard diet. The 

experiment was conducted over a period of 20 days. After a  period  of adaptation, the  animals, 

at  the  age  of 08  weeks, were divided into  four  experimental groups of  5 animals  each:  

 Groups 1 (T): Healthy rats (control). 

Groups 2 (Ni): Rats exposed to nickel (20 mg / kg weight of rat) for 20 days 

Groups 03 (Ni + Zn): Rats exposed to nickel and treated with zinc (231 mg / kg feed) For 20 days 

Groups 04 (Ni +Zno): Rats exposed to nickel and treated with zinc oxide nanoparticles (100mg / 

kg feed).   

The 20mg / kg doses for nickel according to the Tebani study (2013) [13] and the zinc dose 

according to Derouiche (2016) [14]. 
 

Preparation of serum and tissue samples 

The rats are anesthetized with chloroform (94%) after 16h of fasting and are sacrificed (part 

decapitation). the blood sample is taken at the time of the sacrifice of the rats collected in dry 

tubes previously labeled and numbered for each rat then separated by centrifuge at 3000 rpm for 

15 minutes, the serum obtained is separated by centrifuge at 3000 rpm for 15 minutes, the serum 

obtained is kept in a freezer until the time of biochemical analyzes. 

Biochemical parameters analyses  

 Serum glucose, urea, uric acid, creatinine, serum protein and lipid levels in serum were 

determined using the commercial kit from Spinreact, Spain (ref: glucose-20121, urea-20141, uric 

acid-20091, creatinine-20151, total protein-1001291 and cholesterol-20111, triglyceride-20131,). 

And for enzymes TGO and TGP are also measured by the use of commercial kits (Spinreat, ref: 

GOT-20042, GPT-20046). 
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Tissues nickel and zinc analyses  

The dry calcination of the organs (1g) is carried out in a muffle furnace increasing the 

temperature in successive stages up to 450 ° C for 4h in order to avoid sudden ignitions of the 

sample and which would cause losses The ash obtained is dissolved by an attack of 03 ml of pure 

nitric acid (HNO3) by heating slightly on a hot plate. The liquid obtained is filtered on filter 

paper in a 15 ml flask and made up to its final volume with demineralized water. For zinc and 

nickel using an atomic absorption spectrophotometer (Shimadzu AA-6200; Somerset, New 

Jersey, USA). 

Oxidative stress markers analyses 

The concentration of malondialdehyde (MDA) was determined using the method published by 

Yagi et al. [15]. Weckbecker's method [16] was used to determine the concentration of reduced 

Glutathione (GSH), while Beauchamp's method [17] was used to determine superoxide. 

Statistical analysis  

 The results obtained are expressed as the mean ± mean deviation. The analysis of the data was 

carried out by application of the Student's T test, which is based on the comparison between two 

means, using MINITAB-13 software.   

Results 

Initial body weight, body weight gain and relative liver weight  

Results showed that Nickel treatment at a dose (20mg/kg b.w) caused a decrease (p<0.05) in 

body weight gain and  an increase in  kidney and liver Relative weight in  the rats  compared to  

the control rats.  Whereas the animals that received the zinc acetate and Zinc nanoparticles 

showed a correction of this change (table 1). 

Table 1.Body weight and relative kidney and liver weight in control and experimental groups. 

Parameter Control 

(n=5) 

Nickel 

(n=5) 

Nickel + Zn 

(n=5) 

Nickel +ZnO 

(n=5) 

Initial Body weight (g)              194.80±6.26             167.8±16.4               192.60±7.12
 

193.40±4.62 

Weight gains (g / j / rat) 1.05±0.0845                        0.03±0.30
***

 1.27±0.890
*c                                  

 1.01±0.001
c
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Relative  Liver weight(g) 2,56±0,166                                            2,92±0,260
**

 2,702±0,148
a
  2,60±0,108

a
 

Relative kidney weight(g) 0,59± 0,0136 0,70±0,0581
*                                        

 0,702±0,148
* 

  ,47±0,105*
b
 

* p<0.05, ** p<0.01: significantly different from control group. a p<0.05, b p<0.01: significantly different from  Ni group. Values 

are mean ± SEM, n=number of observations. 

 

Nickel and Zinc concentrations 

Figure (1) shows a significant increase (p <0.05) in liver nickel concentration and a significant 

decrease in the liver zinc level in nickel group compared to the control rats. On the other hand, 

we notice a highly significant decrease in nickel and increase in zinc levels in groups treated with 

ZnO and acetate Zn in comparison with the Ni group. 

 

Figure 1.LiverNickel and Zinc concentrationsin control and experimental groups. Values are mean ± 

SEM, ( n=5).* p<0.05, *** p<0.001: significantly different from control group.a p<0.05, b p<0.01,c b p<0.001: significantly 

different from  Ni group.   

 

Biochemical parameters 

 Our results show a significant increase in blood glucose (p <0.05), triglycerids (p <0.001), 

cholesterol (p <0.05) urea (p <0.01), uric acid (p <0.05) and Creatinine (p <0.05) and also a 

significant increase in transaminases acitities (p <0.001)  in Ni contaminated group compared to 

the control.  On the other hand, in the group treated with Zn  andZnO we note a highly significant 

reduction in all previous parameters when we compared with the nickel group (table2). 
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Table 2.  Level of biochemical markers in control and experimental 

Parameter Control 

(n=5) 

Nickel 

(n=5) 

Nickel + Zn 

(n=5) 

Nickel +ZnO 

(n=5) 

Blood glucose (g/l)  1,11±0,107 1,47±0,0403
*
 1,03±0,113

a
 1,29±0,199

*a 

Serum Triglycerides (g/l)  0,48±0,04 0, 98± 0,05
***

 0,62±0,44
***b 

0,71±0,42
***b 

Serum total cholesterol (g/l) 2,19±0,172 2,41±0,176* 2,71±0,103
b 

2,23±0,134
a 

Serum urea (g/l) 0,48± 0,05 0,67±0,17
**

 0,47±0,05
c
 0,48±0,123

a 

Serum creatinine (mg/l) 7,42±0,91 7,91±0,69
*
 6,32±0,49

**a 
13,29±0,76

***c 

Serum uric acid (mg/l) 18,07±1,09 29,73±0,99* 19,23±2,23
C
 17,79±1,23

c 

Serum AST (U/l) 93.04±23,1 185,20±14,3
*** 

175,40±15,4
***a 

135±13,34
***c 

Serum ALT (U/l) 38,61±8,13 54,07±6,63
***

 36,870±6,878
c 

51,041±7,256
***a 

Values are mean ± SEM, n=number of observations.* p<0.05, ** p<0.01, *** p<0.001: significantly different from control group. 

a p<0.05, b p<0.01,c b p<0.001: significantly different from  Ni group.  

Stress oxidative parameters 

Our  results  illustrated  in table (3)  show  a significant  increase  (p <0.05) in  lipid peroxidation  

levels and  a  significant  decrease  (p  <0.05  ) in GSH concentrations  and  SOD activity in  liver  

and kidney  of rats exposed to  nickel  group compared to the control. In contrast  our results  also  

show  a  significant decreased in MDA  level   and  a significant  increase    in GSH  

concentration and SOD activity in   Ni+ ZnO and Ni+Zn  treated  groups compared to  Nickel 

group. 

Table 3. oxidative stress markers in control and experimental groups  

Parameter Control 

(n=5) 

Nickel 

(n=5) 

Nickel + Zn 

(n=5) 

Nickel +ZnO 

(n=5) 

 

MDA (µmol/mg pro) 

Liver  2,3810± 0, 04           2,54 ±0,33
*
 1,35 ±0,234

***
c         

 
 2,129±0,341

**b 

Kidney 1,79±0,0396 2,19±0,143
* 

1,85±0,159
b 

2,12±0,09* 

 

GSH(nmol/mg pro) 

Liver 1,19±0,27 0,77±0,234
* 

0,83±0,154
** 

0,59±0,107
**a 

Kidney 0,10±0,01 0,047±0,003
*** 

0,05±0,0143
***c 

0,08±0,01**
a 
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SOD(UI/mg pro) 

Liver 7,25±0,13 3,13±0,645
* 

4,41±0,03*a 4,106±0,896
***a 

Kidney 0,22925±0,005 0,175±0,028
** 

0,145±0,0342
**

 0,219±0,022
a 

* p<0.05, ** p<0.01, *** p<0.001: significantly different from control group. a p<0.05, b p<0.01,c b p<0.001: significantly 

different from  Ni group. Values are mean ± SEM, n=number of observations. 

 

Discussion 

Through  this  study,  we  investigated  the  potential  benefit  of  treatment  with Zinc acetate and 

Zinc nanoparticules in reversing Ni- induced liver and Kidney oxidative stress in rats orally 

exposed to  Ni. In Our study we observed that Nickel administration at a dose (20mg / Kg) 

induced a reduction in body weight gain of the rats.  The rat's body weight loss is utilized as a 

measure of the rat's general health decline.. Whereas, treatment of rats with, ZnO and Zn resulted 

in improvement in body weights gain compared to rats exposed to nickel. Zinc could be 

attributed to its ability to reduce the accumulation of nickel in organs [18]. The successful 

mechanisms of zinc supplementation on weight loss could be related to zinc's role in appetite 

regulation via changes in hypothalamic neurotransmitter metabolism of the leptin system and its 

receptors; in other words, zinc can cause leptin production [19]. In addition, zinc may enhance 

levels of growth factor-1 (IGF-1); in particular, it may contribute to elevating serum testosterone. 

IGF-1 and testosterone are both anabolic substances that might help to acquire weight of rats. 

[20]. Regarding the relative weights of the organs, we notice nephromgaly and hepatic 

hyertrophy this is explained by the intense accumulation of this metal in these target organs [21]. 

This increase in relative organ weight may be due to nickel-induced necrosis [22]. However, the 

Zinc acetate and nanoparticule Zinc reverted partially this change. Our study is consistent with 

the study by Tizhe et al., 2020 [23], which showed a similar protective effect of zinc by 

improving the relative weights of animals.  The therapeutic effect of nanoparticles of zinc oxide it 

can serve as a useful catalyst for the reduction or elimination of toxic chemicals [24]. Results 

show that zinc acetate and ZnO reduce the levels of liver nickel.The concentration of nickel in 

liver tissue has increased because the liver is the main target of environmental and occupational 

toxicity and the main site of detoxification [25].Regarding ZnO has a capacity for interaction 

with biological systems at the cellular level because the small size of nanomaterials promotes 

their penetration into the cell which give a protective effect to reduce the concentration of this 

nickel [26]. The results of the present study demonstrate that the level blood glucose, lipid 

profile, urea, uric acid and creatinine showed a significant increase in group exposed to 

nickel.The rats treatments with ZnO or Zn enhance these increases.Following zinc 

supplementation, several molecular processes are thought to be involved in the modulation of 

blood glucose and lipid profile levels. Zinc ions are known to activate protein tyrosine 

phosphatase 1B, a major regulator of the phosphorylation state of the insulin receptor. Zinc has 

been found in studies to improve peripheral insulin sensitivity by potentiating insulin, which 

stimulates glucose transport and lipid breakdown. [27]. ZnO-NPS is possesses an antioxidant 

capacity which prevents or slows down oxidation by neutralizing free radicals, thus improving 

the functioning power of the kidney to stop the disruption of the cell membrane [28]. The results 

demonstrated that the activities of liver TGO and TGP serum were increased after nickel 

poisoning. This is clearly explained by the hepatotoxic effect of nickel, which penetrates into 

cells and crosses the nuclear membrane [29]. The treatments of the rats with ZnO, Zn generated a 

decrease in the enzymatic activity of TGO and TGP compared to the rats exposed to nickel this 
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may be explained by the important role of ZnO which has a hepato-protective effect by trapping 

free radicals or by increased activity of antioxidants, which then detoxify free radicals through an 

antihepatotoxic effect [30]. Zinc treatment results in correction of the enzyme activity of plasma 

TGO and TGP, which could be attributed to the anti-free radical / anti-oxidant and chelating 

efficacy of the metals of this element  and stabilization of the cell membrane [31]. The results of 

the present study demonstrate that the levels of endogenous antioxidants, both enzymatic and 

non-enzymatic (GSH and SOD) are significantly lowered SOD, GSH and increased MDA in the 

group treated with nickel compared to normal control rats. In our results we show the increase in 

renal MDA levels: This is explained by the adverse effects of the action of nickel in the body and 

the induction of the formation of reactive oxygen species (ROS) and increased lipid peroxidation 

in cells [32].  In our experimental study, the results show a significant decrease in the level of 

glutathione and SOD activity in the liver, kidney, in rats contaminated with nickel. The 

sulfhydryl group of glutathione's cysteine component has a strong affinity for metals, which 

explains this result. Otherwise, due to nickel's interaction with free radicals, GSH can be oxidized 

which can cause a number of deleterious effects due to the accumulation of superoxide radicals. 

Administration of nickel to rats in the present study may lead to the generation of a peroxy 

radical, O2−, associated with inactivation of SOD [33]. Our results showed a restoration of the 

level of MDA and an improvement of antioxidant systems thanks to the effectiveness of 

therapeutic system (ZnO and Zn) against the oxidative deterioration induced by nickel. Zn is an 

excellent antioxidant which inhibits the synthesis of oxygen free radicals which are responsible 

for oxidative stress [34].  While NP-ZnO is able to protect cell membrane integrity against 

oxidative stress damage induces nickel to increase antioxidant enzyme levels [35]. NPs-ZnO by 

eliminating free radicals, or by enhancing the activity of antioxidants, which then detoxify free 

radicals.ZnO has specific characteristics such as size, distribution and morphology, also The 

surface / volume ratio of NPs is very high, which increases their reactivity compared to larger 

parts of the same compound and also a greater capacity of penetrate cells [36, 27].  

 

Conclusion 

The study clearly demonstrated the supplementation of zinc and zinc nanoparticles to rats 

exposed to nickel protect against decrease the zinc status, metabolic and physiological alterations, 

which play an important role antioxidant reducing the renal and hepatic injury. 
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