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INTRODUCTION: 
Heavy metals are recognized as the most toxic 
compounds with no physiological function in the 
organism. Arsenic, lead, mercury, cadmium and 
chromium are the most toxic heavy metals released into 
the environment by human activities. Among them 
Cadmium (Cd) is an internationally recognized toxic, 
heavy metal with no biological role in the human body. 
Increased industrialization and human activity caused 
the extensive use of Cd for various uses, including 
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ABSTRACT: Background: Cadmium (Cd) is a highly toxic, non-essential heavy metal with many 
industrial uses that can contribute to a well – defined spectrum of diseases in animals as well as in 
humans. Aim: The present study is carried out to know the beneficial role of Zinc (Zn) and Vitamin-
C supplementation against Cd induced alterations in liver, kidney and testis of Cd treated rats with 
special reference to metallothionein (MT) protein. Method: Wistar strain male albino rats were 
treated with Cadmium Chloride at a dose of 1/10th LD50 / 48 h i.e. 22.5 mg/Kg body weight for 7, 
15 and 30 days (d) time intervals.  Then 15d Cd treated rats were divided into three groups. The first 
group received Zn (12 mg/Kg), second group Vitamin-C (200 mg/Kg) alone and a third group 
supplemented with both Zn and Vitamin-C for again 7, 15 and 30 d long sojourn. Results: A 
significant elevation in LPO levels with decreased activity levels of GST and GPx were observed 
during Cd intoxication are reversed under Zn and Vitamin-C supplementation. MT protein levels 
were significantly elevated in the test tissues during Cd treatment and also after supplementation 
with Zn and / or Vit-C. Conclusion: Our study reveals that combination of Zn and Vitamin C 
supplementation is effective in detoxifying the Cd body burden from the selected test tissues of the 
rat. Zn and / or Vit-C envisage therapeutic role of trace elements in combating the heavy metal, Cd 
insult.  
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electroplating, cosmetics, cadmium pigments, Cd fume 
inhalation, fertilizers and pesticides [1]. Cadmium is 
highly toxic to humans and animals upon its exposure by 
various modes (inhalation, ingestion and absorption) and 
is known to promote hepatotoxicity, nephrotoxicity and 
testicular damage [2-4]. Only 5 % of cadmium is absorbed 
gastro intestinally and retention of absorbed cadmium 
makes the organism more susceptible to its accumulation 
leading to pathogenicity. MT has a prominent role in Cd 
retention due to its long biological half-life of more than 
20 years, it gets accumulated in the human body [5,6]. Cd 
mostly gets accumulated in the liver and kidney, when 
compared to other organs. Studies of [4] showed that at 
low concentrations Cd is known to damage liver, kidney 
and testis. Cd intoxication is known to promote the 
formation of collagen fibres, mononuclear cell 
infiltration, edema, heamorrhages, mitochondrial and 
nuclear changes, nuclear DNA fragmentation, apoptosis 
and necrosis in all the tissues including liver, kidney and 
testis.  
Metallothionein (MT) is cysteine rich, metal-binding 
protein that occurs throughout the plant and animal 
kingdom. Metallothionein exists in four isoforms among 
mammals, MT-I, II, III and IV. MT-I and MT-II 
isoforms are found majorly in the liver and kidney. MT-
I, II, and III isoforms are present in the central nervous 
system and testis. MT-III is found in the mouse and 
human brain. MT- IV is found in stratified epithelium, 
skin and upper G.I. Tract [7,8]. MT synthesis occurs in 
order to protect the organism from heavy metal toxicity. 
Induction of MT protein depends on the amount of Cd 
accumulated in tissues. 
Exposure to divalent metal cations like Cadmium (Cd2+) 
activates MT and thus protects organisms from its 
toxicity [9]. In addition, increased synthesis of MT has a 
protective role against oxidative stress [10,11]. Oxidative 
stress is developed in the organism due to imbalance 
between pro-oxidants produced and antioxidant capacity 
of the organism promoting tissue injuring [12].  MT is 
synthesized in different organs of the body including 
liver and kidney and its production is dependent on 
availability of minerals in our food like zinc, copper, 
and selenium. 
Vitamin-C is a water-soluble antioxidant that gets 
synthesized in the liver and kidney and controls 
oxidative stress [13,6]. In addition, MT also plays a 
prominent role in Cd retention in the tissues under 
supplementation of vitamin-C. Under normal 
physiological conditions MT-I is known to bind with Vit 

C but the exact mechanism by which MT protein 
induction takes place under Vit C supplementation is not 
yet elucidated clearly. Vitamin-C neutralizes ROS 
species scavenging free radicals and induces MT either 
indirectly or by antioxidants [14].  
Zinc has the capacity to induce synthesis of 
metallothionein and prevent the organism from oxidative 
stress [15,16]. MT (zinc-concentrating protein) involves 
homeostatic control of metal ions including 
Zinc metabolism [17,4]. MT protein synthesis increased 
upon supplementation of Zinc that is known to produce 
antioxidants [11]. Zinc inhibits absorption of cadmium 
from the gastrointestinal tract and causes its 
accumulation in the body. Cd is known to interrupt Zn-
related functions in the body. 
Lipid peroxidation results in the production of 
malondialdehyde, hydrogen peroxide and hydroxyl 
radicals under Cd stress. The enzymatic antioxidants, 
including catalase (CAT), superoxide dismutase (SOD), 
glutathione peroxidase (GPX), glutathione reductase 
(GR) and glutathione-S-transferase (GST) are reduced 
under Cd-intoxication. Nutrient supplementation has the 
capacity to restore the antioxidant status depleted under 
Cd-intoxication. 
GST has a prominent role in cell survival and protects 
the organism from oxidative stress. Glutathione 
peroxidase is a hydrogen peroxide degrading enzyme, 
where decreased activity of GPx impairs GSH 
homeostasis in all the tissues. Therefore, the present 
study was designed to evaluate the role of Zn and 
vitamin C individually and in combination against Cd 
induced oxidative stress with reference to 
metallothionein quantification in liver, kidney and testis 
of male albino rats. 

MATERIALS AND METHODS:  
Chemicals: 
Cd as cadmium chloride (CdCl2), Zn as zinc chloride 
(ZnCl2) and vitamin-C were purchased from Merck 
(Dormstadt, Germany). All other chemicals which were 
used in the present study were obtained from the 
standard chemical companies like Sigma Chemical Co. 
(St Louis, MO, USA) and SD Fine Chemicals, India. 
The chemicals used in this study were of the highest 
purity. 

Animals: 
Three months-old Wistar strain male albino rats 
weighing 180 ± 20 g were chosen for the present study. 
The animals were obtained from Sri Venkateswara 
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Traders, Bangalore, Karnataka, India and were kept in 
stainless steel mesh cages, housed under standard 
laboratory conditions (23 ± 2 °C, 50  20 % relative 
humidity, 12 h light-dark cycle) with standard rat chow 
(Sai Durga Feeds and Foods, Bangalore, India) and 
drinking water ad libitum. The rats were acclimatized to 
the laboratory conditions for 10 days. The protocol and 
animal use has been approved by the Institutional 
Animal Ethics Committee (Resol.  No. 
58/2012/(i)/a/CPCSEA/IAEC/ SVU/AUR – VK), Sri 
Venkateswara University, Tirupati, Andhra Pradesh, 
India. 

Experimental design: 
After acclimatization, the rats were divided into two 
groups, namely control and experimental. Control rats 
received only deionized water without Cd. The 
experimental rats were treated with cadmium chloride at 
a dose of 1/10th LD50 / 48 h i.e. 22.5 mg/Kg body weight 
of rat for 7, 15 and 30 days (d) time intervals.  Then 15 d 
Cd treated rats were divided into three groups. The first 
group received Zn (12 mg/Kg body weight of rat), 
second group vitamin-C (200 mg/Kg body weight of rat) 
alone and a third group supplemented with both Zn and 
vitamin C for again 7, 15 and 30 d long sojourn. 

Isolation of tissues: 
After specific time intervals, the control and 
experimental rats were decapitated and tissues such as 
liver, kidney and testis were quickly isolated in ice cold 
conditions and weighed to their nearest mg using 
Shimadzu electronic balance. After weighing, tissues 
were immediately used for the assay of oxidative stress 
enzymes like GST and GPx the levels of LPO and MT 
protein quantification.  

Assay of oxidative stress Enzymes:  
Lipid peroxidation (LPO): 
The LPO was determined by the thiobarbituric acid 
(TBA) method [18]. The tissues were homogenized in 1.5 
% KCl (20 % w/v). To 1 ml of tissue homogenate, 2.5 
ml of 20 % trichloro acetic acid (TCA) was added and 
the contents were centrifuged at 3,500g for 10 min and 
the precipitate was dissolved in 2.5 ml of 0.05M 
sulphuric acid. To this, 3 ml of TBA was added and the 
samples were kept in a hot water bath for 30 min. The 
samples were cooled and malonaldehyde (MDA) was 
extracted with 4 ml of n-butanol and the colour was read 
at 530 nm in a UV spectrophotometer (Hitachi U-2000) 
against the reagent blank. Trimethoxy pentane (TMP) 

was used as an external standard. Values are expressed 
in µ moles of MDA formed/ g tissue/ h. 

Glutathione – S – transferase (GST) (EC: 2.5.1.18): 
GST activity was measured with its conventional 
substrate 1-chloro 2,4-dinitro benzene (CDNB) at 340 
nm as per the method mentioned in literature [19]. The 
tissues were homogenized in 50 mM Tris-Hcl buffer pH 
7.4 containing 0.25 M sucrose and centrifuged at 4000 g 
for 15 min at 4 °C and the supernatant was again 
centrifuged at 16,000 g for 1 h at 4 °C. The pellet was 
discarded and the supernatant was used as the enzyme 
source. The reaction mixture in a volume of 3 ml 
contained 2.4 ml of 0.3 M potassium phosphate buffer 
pH 6.9, 0.1 ml of 30 mM CDNB, 0.1 ml of 30 mM 
glutathione and the appropriate enzyme source. The 
reaction was initiated by the addition of glutathione and 
the absorbance was read at 340 nm against reagent blank 
and the activity was expressed as μ moles of thioether 
formed/ mg protein/ min. 

Glutathione peroxidase (GPx) (EC: 1.11.1.9): 
GPx was determined by a modified method [20] at 37 °C. 
5 % (w/v) of tissue homogenate were prepared in a 50 
mM phosphate buffer (pH 7.0) containing 0.1 mM 
EDTA. The homogenates were centrifuged at 10,000 g 
for 10 min at 4 °C in cold centrifuge. The resulting 
supernatant was used as an enzyme source. The reaction 
mixture consisted of 500 μl of phosphate buffer, 100 μl 
of 0.01 M GSH (reduced form), 100 μl of 1.5 mM 
NADPH and 100 μL of GR (0.24 units). The 100 μl of 
tissue extract was added to the reaction mixture and 
incubated at 37 °C for 10 min. Then 50 μL of 12 mM t-
butyl hydroperoxide was added to 450 μL of tissue 
reaction mixture and measured at 340 nm for 180 s. The 
molar extinction coefficient of 6.22 × 103 M cm-1 was 
used to determine the activity. The enzyme activity was 
expressed in µ moles of NADPH oxidized / mg protein / 
min. 

Metallothionein quantification:  
The    initial    isolation    of    MT    protein from liver, 
kidney and testis homogenates were carried out by 
following [21]. The clear     supernatants     thus     
obtained     from     liver, kidney and testis homogenates 
was   again subjected   to   the   purification   process. 
Supernatant  fractions  of  each  tissue  were  applied  to  
a  column  of  Sephadex, G-75 (5 × 50 cm) equilibrated 
with 10 mM Tris-HCl buffer (pH  7.4).  Further  
purification  of  MT  protein  was  carried  out  by  Ion 
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exchange  chromatography  using  DEAE-
32CELLULOSE by  following  the   method   as 
mentioned in literature [22]. Purified   MT   protein   
quantification was performed by using [23]. 

Estimation of protein content: 
The protein content of the tissues was estimated by the 
method as mentioned in literature [23]. About 1 % (w/v) 
homogenates of the tissues were prepared in 0.25 M ice 
cold sucrose solution. To 0.5 ml homogenate, 1 ml 10 % 
TCA was added and the samples were centrifuged at 
1000 g for 15 min. Supernatant was discarded and the 
residues were dissolved in 1ml of 1N sodium hydroxide. 
To this 4 ml of alkaline copper reagent was added, 
followed by 0.4 ml of Folin-phenol reagent (1:1 - folin: 
H2O). The color was measured at 600 nm in a UV 
spectrophotometer (Hitachi U-2000) against reagent 
blank. The protein content of the tissues was calculated 
using a standard protein (BSA) graph. 

Data analysis: 
The data were subjected to statistical analysis, such as 
mean, standard deviation and Analysis of variance 
(ANOVA) using standard statistical software, SPSS 
(version 16) software. All values are expressed as Mean 
± SD of 6 individual samples. Significant differences 
were indicated at    P < 0.05 level. 

RESULTS:  
The data on the alterations in the oxidative stress 
enzymes such as GST and GPx as well as LPO in Cd 
treated rat liver, kidney and testis before and after 
supplementation with Zn and / or Vitamin C are 
tabulated in (Fig 1 to 6). The decreased enzyme levels 
(GST and GPx) in the Cd treated rats were statistically 
significant (P<0.05). The supplementation of Zn and/ or 
Vit-C significantly reversed the Cd induced alterations 
in the oxidative stress enzymes. 
Our results revealed that LPO levels were increased 
markedly in both liver, kidney and testis of Cd treated 
rats at all the test periods when compared to the controls. 
The MDA levels were increased with the time intervals 
of Cd treatment compared to controls and were 
maximum for 30 d rat kidney (40.40 ± 0.08 µ moles of 
MDA formed/g tissue/ h). After supplementation with 
Zn and/ or Vit C, the LPO levels were progressively 
decreased at all time periods in both the test tissues. 
Maximum depletion was observed in 30d Zn and Vit-C 
mixture supplemented rats’ kidney (21.94 ±0.12 µ moles 
of MDA formed/g tissue/ h).  

GST activity levels also showed a progressive decrement 
at all the time intervals of Cd treatment with a maximum 
depletion in 30d rat liver (3.87 ± 0.10 µ moles of 
thioether formed/ mg protein/ min). Further 
supplementation with both Zn and vitamin-C, the GST 
activity reached to normalcy in 30 d rat kidney (13.86 ± 
0.18 µ moles of thioether formed/ mg protein/ min) 
suggesting the protective role of trace elements Zn and 
Vitamin C. 
GPx activity levels also showed a significant decrease in 
all the time intervals of Cd treatment with a maximum 
decrease in 30 d testis (1.27 ± 0.07 µ moles of NAPDPH 
oxidized/ mg protein/ min). However the aforesaid Cd 
inhibited GPx activity levels were markedly elevated in 
both the test tissues after supplementation with the trace 
elements Zn and vitamin-C individually as well as in 
combination. The combination of Zn and vitamin-C at 
the time interval of 30d as a supplement was more 
effective in elevating the GPx activity levels in the testis 
tissue of rats (5.56 ± 0.21 µ moles of NAPDPH 
oxidized/ mg protein/ min). 

 
Fig 1. LPO levels (µ moles of MDA formed/ g tissue/ 
h) in liver, kidney and testis of Cd treated rats. 
Each bar represents Mean + SD (n=6). All values indicate 
the level of significance P<0.05. 

Quantification  of  MT  protein  content  was  carried  
out  in  liver,  kidney and  testis tissues  of  control rats. 
Cd  treated  as  well  as  Zn  and/  or  Vit C  
supplementations  to the 15 d  Cd  treated  rats. Results  
revealed  that MT levels were profoundly increased in 
liver,  kidney and  testis of Cd  treated  rats  at  all-time  
intervals  when  compared  to the controls.   
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Fig 2. LPO levels (µ moles of MDA formed/ g tissue/ HR) in the liver and kidney of Cd treated rats after Zn, 
Vit-C and Zn+Vit C Supplementation. 

Each bar represents Mean+ SD of six individual observations. All values indicate the level of significance P<0.05. 
 
 

 

Fig 3. GST activity levels (µ moles of thioether formed /mg protein / min) in liver, kidney and testis of Cd 
treated rats 

Each bar represents Mean+ SD of six individual observations. All values indicates the level of significance P<0.05. 
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Fig 4. GST activity levels (µ moles of thioether formed /mg protein / min) in liver, kidney and testis of Cd 
treated rats after Zinc, Vit C, and Zinc+ Vit C Supplementation. 

Each bar represents Mean+ SD of six individual observations. All values indicate the level of significance P<0.05. 
 
 

 

Fig 5. GPx activity levels (µmoles of NADPH oxidized /mg protein / min) in liver, kidney and testis of Cd 
treated rats. 

Each bar represents Mean+ SD of six individual observations. All values indicates the level of significance P<0.05. 
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Fig 6. GPx activity levels (µmoles of NADPH oxidized /mg protein / min) in liver, kidney   and testis of Cd 
treated rats Zinc, Vit C, and Zinc + Vit C Supplementation. 

Each bar represents Mean+ SD of six individual observations. All values indicate the level of significance P<0.05. 
 

On 30 d Cd treated rat kidney showed maximum 
synthesis of MT protein (16.242 ± 0.454 μg/ g wet 
weight of the tissue) and 30 d Cd rat liver (13.124 ±  μg/ 
g wet weight of the tissue) followed by 30 d Cd treated 
rat testis (11.826 ± at all the treatment time intervals (Fig 
7).  

 
Fig 7. MT Protein (μ g / g wet weight of the tissue) 
levels in the selected tissues of Cd treated rats.  

After  supplementation  with  Zn  and  /  or  Vit C to  
15d  Cd  treated  rats,  the  MT  levels  were  highly  
elevated  in  both  liver, kidney and testis  during  all  the  

time  intervals.  Maximum  MT  protein  synthesis  was  
found  in  30 d  rat  kidney  under  combined  
supplementation  of  Zn  and  Vit C (17.74  ±  0.21 μg/ g 
wet weight of the  tissue)  (Fig 10).  A Moderate  
increment  in  the  synthesis  of  MT  protein  was  found  
in  30 d  Zn  supplemented rat kidney, liver and testis 
(17.34 ± 0.26 μg/ g wet weight of the  tissue, 15.05 ±   

 
Fig 8. MT Protein (μg/g wet weight of the tissue) 
levels in the tissues of Cd treated rats                  after 
supplemented with Zn. 
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0.24 μg/ g wet weight of the tissue and 14.41 ± 0.17 
respectively). While  in  the  30 d  Vit C  alone  
supplementation,  both  the test  tissues  showed  low  
level  of  increment  in  MT  protein  content  (16.995 ± 
0.24 μg/ g wet weight of the tissue in kidney, 14.884 ± 
0.22 μg/ g wet weight of the tissue in liver and 13.93 ± 
0.14 μg/ g wet weight of the tissue in testis) than the 
other modes of supplementation (Fig 8 to 10). 
From  the  present  investigation,  it  is  clear  that  the  
MT  protein  synthesis  was  high  in  the  combined  
supplementation  of  Zn  and  Vit C  than  the  individual  
supplementation  of  Zn  and  Vit C.  The  elevation  in  
MT  synthesis  indicates  its  role  in  detoxification  of  
heavy  metal  Cd and  also  in  scavenging  of  ROS,  
which  were generated by Cd burden in the liver, kidney 
and testis tissues. 

 
Fig 9. MT Protein (μg/g wet weight of tissue) levels in 
the tissues of Cd treated rats after supplementation 
with Vit C. 

 
Fig 10. MT Protein (μg/g wet weight of tissue) levels 
in the tissues of Cd treated rats after 
supplementation with Zn and Vit C. 

DISCUSSION: 
The results of the present study revealed that Cd induces 
significant alterations in the LPO levels and certain 
enzymatic and non – enzymatic antioxidant enzyme 
status in liver, kidney and testis of male albino rats at all 
specific time intervals. These activities were 
progressively reversed after using essential 
micronutrient supplements like Zn and / or Vit-C.  
Congestion of blood vessels, destruction of 
mitochondrial cristae, nucleus fragmentation, sinusoidal 
dilation and collagenous fiber formation occurs under 
Cd-induced stress in liver tissue [24,25].  Shrinkage of the 
glomerular network, parenchymal infiltrations, 
glomerular atrophy and necrosis of proximal tubule cells 
are observed under Cd stress in the kidney [26,15]. Cd 
promotes testicular damage promoting edema, 
degenerative changes in the seminiferous tubules, 
emaciated leydig cells and sertoli cells hemorrhages and 
cell death in testis [27]. Such complications under Cd 
stress can be significantly reversed under 
supplementation of nutrients zinc and vitamin-C. 
In the present study, bioactivation of cadmium under 
Cd-intoxication is known to inhibit total antioxidant 
capacity and increase the formation of reactive oxygen 
species (free radicals). Increased free radicals promote 
the formation of malondialdehyde, a sign of lipid 
peroxidation that increases stress in animals and causes 
tissue damage. Free radicals like superoxide, oxygen 
radical, hydroxyl, peroxyl radical and nitric oxide are 
formed during Cd stress. Free radicals tend to produce 
non-radical species like hydrogen peroxide, singlet 
oxygen, triplet oxygen, ozone, hypochlorous acid, 
nitroxyl anion and nitrosyl cation that easily promotes 
formation of free radicals [28,29]. Hence antioxidants like 
SOD, CAT, GST, GPx and GR are reduced under 
oxidative insult. 
Cd induced oxidative stress and promoted membrane 
damage, DNA damage and altered antioxidant defense 
system of the cell [30]. From the results, it is clearly 
evident that LPO levels increased markedly in liver, 
kidney and testis of Cd treated rats when compared to 
the control. Increased MDA levels denote the oxidative 
stress in the organism and were more prominent in 30 d 
Cd treated rats when compared to other time intervals. 
With the increase in LPO levels, total antioxidant 
capacity of GST and GPx reduced significantly. These 
findings are in agreement with earlier reports in pigs, 
rats and in chicks under Cd stress [31-33].  
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The key role of GST is to detoxify xenobiotics and store 
them until they are converted to harmless or less toxic 
compounds. Reduced GST content may take place due 
to its over consumption to escape from the toxicity of 
peroxides under Cd insult. Under normal physiological 
conditions GST breaks down the chain of lipid peroxides 
and renders them non-toxic. Further action was carried 
out by GPx that catalyzes the reduction of H2O2 to water 
and converts reduced glutathione (GSH) to form 
glutathione disulfide (GSSG) [34,35].  Moreover, decreased 
activity of GST and GPx would induce excess free 
radical production thus injuring the corresponding 
tissues. Impairment in GSH homeostasis may be the 
reason for the decreased GPx activity in liver, kidney 
and testis thus promoting tissue damage under Cd insult. 
Due to less availability of GSH under Cd stress, a 
decrease in the GPx activity levels has been observed in 
experimental tissues.   
The non-enzymatic antioxidants include vitamin C, 
vitamin E, reduced glutathione, bilirubin, carotenoids 
and flavonoids have a protective role against heavy 
metal toxicity [36,12]. Zinc and vitamin-C has a prominent 
role to detoxify the toxic effects of cadmium along with 
MT and hence has the ability to lower the cadmium 
retention in the body. The activity of GST and GPx are 
restored under the supplementation of Zinc and vitamin 
C either individually or in combination with the present 
study. 
Supplementation with Zn and Vitamin C individually 
and in combination there was a significant alteration in 
the antioxidant status of liver, kidney and testis of rats. 
Zinc showed a protective role in preventing Cd-induced 
toxicity [37-38] and restored the organ damage under Cd 
toxicity. In addition Zn supplementation could compete 
with binding sites for Cd uptake and prevents binding of 
Cd at active sites rendering them inactive. Zn alters the 
activity of GST and GPx through scavenging of free 
radicals. 
Vitamin C is an important dietary antioxidant that 
significantly decreases oxidative damage of 
macromolecules such as lipids, DNA and proteins [39] 
and prevents oxidative stress mediated diseases [40]. 
Vitamin C has the ability to reduce oxidative stress 
generated in the liver, kidney and testis [37]. Cd exposure 
depleted the levels of vitamin-C in all the test tissues 
under experimentation in a time-dependent manner. 
Supplementation of Vit C combats with Cd induced 
oxidative stress during long term exposure, i.e., 30 days’ 
time intervals.  

Therefore, in the study, supplementation with Zn and Vit 
C either individually or in combination to Cd treated 
rats, decreased oxidative stress in animals. The 
combination treatment of Zn and Vit C is more effective 
in reducing the Cd toxicity induced alterations when 
compared to individual supplementation. Hence our 
results suggest that Zn and Vit C combined treatment 
could help to maintain balance between pro-oxidants 
status and antioxidants status, thereby maintaining 
antioxidant homeostasis in the tissues of Cd treated rats. 
MTs are cytoplasmic proteins, where its synthesis is 
essential to protect tissues from the toxic effects of Cd 
[41]. In the present study, MT protein quantification was 
carried out in liver, kidney and testis of the male albino 
rat. Cd treated rats showed more amounts of MT protein 
levels when compared to control rats in the present 
study. To increase at the time of Cd exposure increased 
synthesis of MT takes place in rats. In the present study, 
the supplementation of Zinc and/or Vit C influenced the 
MT expression in all the test tissues under 
experimentation. The present studies are in consonance 
with earlier reports [42-44]. Increased synthesis of MT 
produces more antioxidant effects against oxidative 
stress induced by Cd. At low doses of Cd, 
Metallothionein showed protection against Cd induced 
toxicity, but at higher doses of Cd the binding capacity 
of MT is decreased promoting oxidative stress in animal 
[45]. 
The Cd is absorbed into the body by inhalation (90 %), 
ingestion (5%) and absorption (0.5%) and gets 
transported to various parts through blood. Blood carries 
cadmium with the help of RBC and forms a Cd-Albumin 
(Cd-Alb) complex. The complex, thus formed enters into 
the liver and undergoes dissociation into Cd and 
Albumin. Further, Cd stimulates the synthesis of 
metallothionein in the liver and forms a Cd-MT 
complex. Cd-MT complex is a detoxified form and does 
not promote hepatotoxicity. Cd occupies the active sites 
of MT completely, and extra Cd leftover beyond the 
active sites promote hepatotoxicity [46,47,6]. 
Cd-MT further enters into the kidney and causes 
nephrotoxicity [38]. Cd-MT complex entered into the 
kidney is degraded by lysosomes and free Cd molecules 
promote nephrotoxicity. Kidney gets more affected 
under Cd intoxication when compared with liver, 
because Cd first gets accumulated in the kidney and 
further starts to accumulate in liver [38]. MT 
concentration is higher in testis when compared to the 
liver and kidney under Cd intoxication. But cadmium 
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tends to accumulate more in the liver (30 %) and kidney 
(30 %) when compared to testis. Cd binds to MT present 
in the testis and promotes testicular injury. Cd-MT 
complex is further eliminated from the body via urinary 
or faecal excretion. Cd-MT complex in the urine is an 
indication of tubular injury [48]. Urine and blood 
cadmium concentrations are an index of total body 
burden. 
The mechanism of MT in the liver and kidney is 
different from the testis. But a similar trend was 
observed in liver, kidney and testis with an increase in 
MT, promoted increases in Cd accumulation [49]. MT 
synthesis is more in the kidney when compared to liver 
and testes. Cd detoxification occurs due to enhanced MT 
synthesis [50]. 
Synthesis of MT protein was more in the kidney when 
compared to the liver and testis in all the modes of 
supplementation (individual and combined 
supplementation of Zn and Vit-C). Similar results are 
seen in rats treated with Cd. These results are supported 
by the studies of [51] suggesting that more synthesis of 
MT is seen in the kidney because it is a major "Critical 
Organ" of Cd toxicity. 30 d Cd exposed rat kidney 
showed more MT protein synthesis than other test 
tissues under experimentation. 
Zinc homeostasis are under the control of MT, hence Zn 
induces the production of the metallothionein [52,49]. Zn 
supplementation could prevent Cd toxicity by increased 
synthesis of MT. Hence increased synthesis of MT is 
observed under the supplementation of zinc.  Zinc and 
cadmium compete for the active sites on the 
metallothionein and thus decrease the absorption of 
cadmium, thus reducing lead toxicity. 
Vit C induces MT and influences the expression of MT 
in all the test tissues of rats under experimentation.  The 
exact mechanism by which MT protein induction occurs 
by Vit C is not elucidated.  MT is considered as a ROS 
scavenger that reduces the adverse effects of cadmium 
[53]. Vit C has a prominent antioxidant capacity, hence 
along with MT it reduces the oxidative stress developed 
in the animal. 
Our present results suggest that MT protein 
quantification indicated that the kidney tissue showed 
more MT expression when compared to liver and testis 
under Zn and/ or Vit C supplementation at all the time 
intervals of experimentation.  Increased expression of 
MT protein was due to the ameliorative effects of Zn 
and/ or Vit C over Cd toxicity.  

MT protein quantification studies showed that when Cd 
treated rats when supplemented with Zn and / or Vit C, 
the MT proteins provide protection against Cd induced 
oxidative stress and toxicity in the liver, kidney and 
testis. Based on the overall discussion, it may be 
concluded that Zn and Vit C supplementation either 
individually or in combination were more effective in 
the MT protein synthesis. The results are more 
supporting and reducing the stress in the organism by 
synthesis of more MT protein to combat Cd toxicity.  
An overall study suggests that when compared to the 
individual supplementation of Zinc and Vitamin C 
combined supplementation showed more significant 
results. GST and GPx activities and MT protein 
synthesis were overall increased under Zn and/or Vit C 
supplementation which is essential to protect animals 
from Cd induced oxidative stress. 

CONCLUSION:  
From the present study results we conclude that 
significant elevation of LPO and significant decline in 
GST and GPx activities observed under Cd induced 
oxidative stress was reversed under supplementation of 
Zn and/or Vit C. The results are more significant and 
beneficial in combined supplementation of nutrients 
when compared to individual supplementation. MTs, the 
metal binding proteins are the first line of defence 
against Cd toxicity and reduces cadmium toxicity. 
Hence increased MT synthesis under supplementation of 
Zn and/or Vit C showed more beneficial effects against 
Cd induced oxidative stress.  
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