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Protective Effects of Zinc Supplementation on Renal Toxicity in Rats Exposed 
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Background: Cadmium (Cd) is a nonessential element with many industrial applications and is one of the most toxic pollutants in the 
environment. The ultimate goal of occupational health is prevention of health hazards on workplace; hence, is as a hazardous chemical 
contaminant in the workplace, Cd needs special attention.
Objectives: The object of this study was to determine the effect of ZnCl2 on Cd-induced nephrotoxicity in rats.
Materials and Methods: Adult male rats were given CdCl2 at doses of 0, 1, 2, and 3 mg/kg. Another series of rats were pretreated with 4 mg/
kg of ZnCl2 30 minutes prior to administration of various doses of CdCl2. The experiment was repeated for seven consecutive days. Twenty-
four hours after administering the latest dose, animals were sacrificed. Blood samples were analyzed for blood urea nitrogen (BUN) and 
creatinine levels. Kidney tissues were excised for measuring malondialdehyde (MDA) concentration.
Results: In contrast to the animals that received ZnCl2, CdCl2 induced a dose-dependent elevation in BUN, creatinine, and MDA in those 
without ZnCl2 pretreatment. Zinc chloride had significantly decreased all biochemical parameters and protected kidney cells against Cd-
induced toxicity.
Conclusions: The results of this study supported the potential protective effects of ZnCl2 on rat kidney tissues against CdCl2 toxicity.
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1. Background
Cadmium (Cd) is an environmental and industrial pol-

lutant that can cause a broad spectrum of adverse effects 
on various organs in humans and animals (1). It is used in 
plating industries such as steel, stabilized production of 
polyvinyl chloride (PVC), plastics and glass dyeing, and in 
the manufacture of nickel-cadmium batteries (2). Gener-
ally, Cd is a nonessential element for the human body that 
has toxic effects on organs (3). The studies have shown that 
not only occupationally Cd-exposed workers but also en-
vironmentally Cd-exposed population experience health 
problems (4). Unfortunately, human occupational and en-
vironmental contact with Cd is an inevitable consequence 
and Cd causes adverse effects on different organs and tis-
sues (5). Environmental contact with Cd occurs mainly 
through contaminated food and water consumption and 
passive smoking (6). The kidneys are the main target or-
gans of Cd. After absorption, Cd is distributed in various 
tissues. Long-term exposure to Cd leads to its accumula-
tion, particularly in the liver and kidneys, metabolic and 
histological changes, and damage to the cell membrane 
(7). It is excreted very slowly through the kidneys with 
a half-life of 15 to 20 years (8). Long-term exposure to Cd 
can cause nephrotoxicity in humans; studies in rats have 
shown that Cd compounds can cause nephrotoxicity. Gen-

erally, toxic effects of Cd are due to producing oxidative 
stress and interfering with essential elements, especially 
zinc (Zn) (9). The researchers found that vitamin C and 
selenium would protect kidneys of rats who received Cd 
(10). As a vital element, Zn is involved in metabolic activi-
ties (11). Recently, it was reported that zinc chloride (ZnCl2) 
has protective effect on cobalt chloride-induced cytotox-
icity in the kidney cells (12). In addition, Zn prevents the 
toxic effects of lead (Pb) in embryonic epithelium of rats 
(13). It appears that the beneficial effects of Zn are associ-
ated with its role in metallothionein (Mt) biosynthesis (11). 
Cd intoxication causes a dose-dependent increase in blood 
urea nitrogen (BUN) and creatinine (Cr) in rats. The admin-
istration of selenium and vitamin C can reduce BUN and 
Cr in rats (10). To our knowledge, the effect of Zn on Cd has 
not been reported extensively (14). Since Cd is a hazardous 
chemical contaminant in the workplace, it needs specific 
consideration as the ultimate goal of occupational health 
is prevention of health hazards in the workplace.

2. Objectives
The aim of the present study was to determine the effect 

ZnCl2 on Cd-induced nephrotoxicity in rat.
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3. Materials and Methods
All reagents and chemicals were of analytical grade or 

higher purity. Cadmium chloride (CdCl2) and ZnCl2 were 
obtained from Merck (Darmstadt, Germany).

3.1. Animal Treatments
Adult male Wistar rats (250-300 g) were housed in 

groups of three in clear polypropylene cages in a light 
cycle (12 hours light and 12 hours dark) and temperature-
controlled room. The animals were allowed food and tap 
water ad libitum. For treatment group animals, 4 mg/
kg of ZnCl2 was injected intraperitoneally. Control rats 
received vehicle only. Thirty minutes later, animals were 
given 0, 1, 2, and 3 mg/kg of CdCl2. The experiment was 
repeated for seven consecutive days. Twenty-four hours 
after last treatment, all animals were sacrificed with 
over dose of sodium pentobarbital. Blood samples were 
collected for measuring BUN and Cr. Kidney tissue were 
excised and processed for assessing malondialdehyde 
(MDA) content. Kidney tissue from each rat was homog-
enized by four minutes centrifugation at 10000 × g in ten 
volumes of precooled phosphate buffered saline (0.1 M; 
pH 7.4). Then the homogenate was centrifuged at 3000 
× g for ten minutes to collect the supernatant for MDA 
assays. MDA level was estimated by Satoh method (15). 
In this measurement, the principle method was spectro-
photometric color measurement, which was estimated 
calorimetrically by measuring thiobarbituric acid reac-
tive substances (TBARS). The protocol was approved by 
the Ethics Committee of the Ahvaz Jundishapur Univer-
sity of Medical Sciences. Biochemical data were expressed 
as mean ± standard error. The results were analyzed by 
analysis of variance (ANOVA); completely randomized 
design, and treatment differences were identified by the 
method of Newman-Keuls. P < 0.05 was determined as 
the criterion for significance. Five animals were used in 
each treatment group.

4. Results
A dose-dependent increase in biochemical parameters 

was observed in CdCl2-treated samples in comparison 
with the controls. ZnCl2 had no effect on blood biochem-
ical parameters; however, pretreatment of rats with 
ZnCl2 markedly reduced all biochemical parameters in 
animals treated with various doses of CdCl2. A dose-de-
pendent increase in BUN and Cr concentration was ob-
served after treating animals with CdCl2 in comparison 
to control values. Elevation of renal biochemical param-
eters were predominant in 3-mg/kg CdCl2-treated rats 
(Figure 1 and Figure 2).

When compared to control animals, ZnCl2 had no ef-
fect on BUN and Cr; however, the levels of biochemical 
parameters were markedly decreased in pretreated ani-
mals in comparison to control rats (Figure 1 and Figure 
2). Administration of vehicle alone did not produce de-

tectable alteration in MDA level in rat kidney; however, 
dose-dependent MDA reduction was observed in rats 
pretreated with ZnCl2 that had received the same dose 
of CdCl2 (Figure 3).

Figure 1. Effect of Zinc Chloride on Blood Urea Nitrogen in Cadmium 
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* Significantly different values of blood urea nitrogen (BUN) from rats 
pretreated with zinc chloride (ZnCl2) before receiving the same dose of 
cadmium chloride (CdCl2) (P ≤ 0. 05).

Figure 2. Effect of Zinc Chloride on Creatinine in Cadmium Chloride-

Treated Rats
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* Significantly different from rats pretreated with zinc chloride (ZnCl2) 
and were given the same dose of cadmium chloride (CdCl2) (P ≤ 0.05).

Figure 3. Effect of Zinc Chloride on Malondialdehyde in Cadmium 

Chloride-Treated Rats Kidney
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* Significantly different values of malondialdehyde (MDA) from rats pre-
treated with zinc chloride (ZnCl2) and were given the same dose of cad-
mium chloride (CdCl2) (P ≤ 0.05).
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5. Discussion
Generally, Cd is ubiquitous and due to the increasing 

industrial use of Cd, evaluation of toxic potentials of 
this metal is important for the risk assessment of those 
ordinarily exposed to it. Cd accumulates mainly in the 
kidney and liver; these two organs are critical targets for 
acute Cd toxicity (6-8). High doses of Cd administered to 
experimental animals lead to morphological and func-
tional changes in the liver (11). The kidneys are the major 
sites of antagonistic interactions of essential elements 
including Zn with Cd; therefore, it is a target organ for 
Cd toxicity. Long-term exposure to even low levels of Cd 
leads to kidney damage characterized by tubular dysfunc-
tion (16). Moreover, long-term Cd exposure leads to bone 
lesions (osteoporosis and osteomalacia) in human and 
experimental animals (17). We found dose-dependent Cd-
induced nephrotoxicity in rat, which was indicated by 
elevation of BUN and Cr. Al-Attar reported that Cd caused 
significant increase in Cr and urea concentrations (18). Cd 
has been reported to cause damage to lipids and hence, 
lipid peroxidation (19). Accordingly, exposure to Cd led to 
an increase in MDA concentration in our study. Short-term 
and long-term Cd administrations caused damage to the 
organs, particularly the liver and kidney; it was indicated 
by an increase in organ MDA levels, which is an indicator 
of oxidative stress (20). Patra et al. reported that adminis-
tration of 0.5-mg/kg CdCl2 to rats for three months led to 
increased MDA levels (21). Koyu et al. have reported that 
Cd had caused an increase in MDA level in comparison 
to controls (22). We showed that the level of MDA was in-
creased after seven days of treatment with 1, 2, and 3 mg/
kg of CdCl2 in comparison to control rats. Erdogan et al. 
have reported increased plasma levels of MDA in response 
to Cd (23). It seems that Cd enhances oxidative stress and 
has similar effects on both plasma and kidney MDA.

We observed that Zn protected rat kidney against Cd-in-
duced nephrotoxicity. Similarly, another study reported 
that Zn had protected bone against toxicity of Cd (23). To 
our knowledge, the effect of Zn on Cd-induced alterations 
of renal biochemical parameters had not been reported 
yet. Our finding was the first report from an in vivo study 
that provided evidence for beneficial effects of Zn on the 
kidneys that were exposed to Cd. Intraperitoneal or sub-
cutaneous Cd-Zn coadministration to prevent or reduce 
toxic effects of Cd, including hepatotoxicity, nephrotoxic-
ity, carcinogenesis, and mortality, were reported (24). Zn 
is known to induce the expression of Mt, which may act 
as an antioxidant (25). Moreover, Mt plays an important 
role in the metabolism and toxicity of Cd (26). A study 
reported the protective role of Zn against Cd-induced 
histopathologic changes in rat kidney, liver, and lung tis-
sues (24). In conclusion, the present study demonstrated 
that, Zn protects kidney against Cd-induced biochemical 
changes in rats.
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