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This study was aimed to examine the protective effects of supplementation with calcium +zinc (Ca+Zn)
or vitamin E (Vit-E) on Cd-induced renal oxidative damage. Young albino Wistar rats (180+10g) (n=6)
controlrats, Cd, Cd + Ca+Zn, and Cd + Vit-E experimental groups and the experimental period was 30 days.
Rats were exposed to Cd (20 mg/kg body weight) alone treated as Cd treated group and the absence or
presence of Ca+Zn (2 mg/kg each) or Vit-E (20 mg/kg body weight) supplementation treated as two sep-
arate groups. The activities of the stress marker enzymes superoxide dismutase (SOD), catalase (CAT),
glutathione reductase (GR), glutathione peroxidase (GPx), glutathione-S-transferase (GST) and lipid per-
oxidase (LPx) were determined in renal mitochondrial fractions of experimental rats. We observed
quantitative changes in SOD isoenzymatic patterns by non-denaturing PAGE analysis, and quantified band
densities. These results showed that Cd exposure leads to decreases in SOD, CAT, GR, and GPx activities
and a concomitant increase in LPx and GST activities. Ca+Zn and Vit-E administration with Cd signifi-
cantly reversed Cd-induced perturbations in oxidative stress marker enzymes. However, Vit-E showed
more inhibitory activity against Cd than did Ca +Zn, and it protected against Cd-induced nephrotoxicity.
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1. Introduction

Disclosure to heavy metals is a routine experience due to their
environmental pervasiveness. Studies on mammals revealed that
cadmium (Cd) induces several renal injuries, mainly tubular dys-
function, marked reduction of renal energy metabolism. Although
the exact mechanism of action of Cd-induced kidney damage is
poorly understood, Cd is one of the most damaging heavy metal
pollutants and affects almost all vital organs in animal systems. It
has been claimed that one effect of Cd is the induction of oxidative
stress in target vital organs. It was previously suggested that Cd
exposure results in the generation of superoxide radicals, hydroxyl
radicals and nitric oxide radicals, thereby altering antioxidant
metabolism and eventually leading to oxidative stress [15,46,13].
Among the vital organs, kidneys are believed to be the most crit-
ical because after absorption, Cd binds to metallothionein and is
filtered through the glomerulus into the injured space, where the
metallothionein-Cd complexis endocytosed by the proximal tubule
cells and degraded by lysosomes, resulting in the release of Cd.
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Then, the intracellular release of Cd decreases the levels of reduced
glutathione, thereby altering the activity of glutathione-dependent
antioxidant enzymes by changing the structure of the membrane
cellular via lipid peroxidation [12,25]. Currently, research related
to improving the antioxidant status after Cd intoxication is of major
importance [47,20]. It is well known that endogenous antioxidants
may play an imperative role in antioxidative defense against oxida-
tive impairment, possibly by protecting the biological cells function
[16]. Among a range of antioxidants, zinc (Zn) and calcium (Ca)
play an important role in the regulation of the antioxidant system
[35,32,31]. However, the effect of Zn and Ca on Cd intoxication
in the kidneys has not yet been studied. Vitamin E (Vit-E) pro-
tects critical cellular structures against oxidative damage caused
by oxygen free radicals and reactive products of lipid peroxidation.
During the Cd exposure it has been reported that lipid peroxida-
tion is prevented by Vit-E [27]. Vit-E inhibits the peroxidation of
membrane lipids by hunting lipid peroxyl radicals, and this process
convertsitinto a tocopheroxylradical. In fact, a-tocopherylquinone
may act as a potent an antioxidant through its reduction to hydro-
quinone [2]. Additionally, [6] reported that the protective role of
Vit-E against the toxicity of oxidants may be due to the quenching
of hydroxyl radicals. Therefore, this report addresses the oxida-
tive stress marker enzymes that constitute an important part of
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antioxidant defense mechanismsin cellular systems and also exam-
ines whether the combination of Ca, Zn and/or Vit-E can reverse
Cd-induced renal oxidative damage in rats using oxidative marker
enzymes as oxidative defense biomarkers.

2. Materials and methods
2.1. Materials

The chemicals used in this study were purchased from Sigma
Chemicals (St. Louis, MO, USA) and Merck (India).

2.2. Animal exposure

Male albino Wistar rats, aged 3 months (180 + 20 g body weight)
were used for the present study, rats were exposed to Cd salt
sample (20 mg/kg body weight, each) LD50 for cadmium dosage
the experimental rats were treated with Cd as Cdcl2 at the dose
of 1/10th LD50 i.e. 20 mg/kg/BW, Ca+Zn salt sample (2 mg/kg)
and Vit-E (20 mg/kg body weight) through daily oral gavage for a
period of 30 days. Animals were housed at a constant temperature
(28 £2°C) and relative humidity 60 + 10% with a 12-h light/dark
cycle. Standard rat chow (Sri Venkateswara Traders, Bangalore,
India) and water were made available ad libitum. All protocols
for animal care and use were approved by the Animal Ethical
Clearance Committee, Sri Venkateswara University (No. 01/2011-
2012/(i)/a/CPCSEA/IAEC/SVU/MB-SSR/Dt 20/06/2011).

2.3. Estimation of antioxidant enzymes

Mitochondrial fractions of kidneys from different groups were
isolated using differential centrifugation [10]. The brief protocol
includes homogenization of kidney tissues in sucrose solution with
amotor-driven Teflon and glass Potter-Elvehjem homogenizer. The
homogenate was transferred into a centrifuge tube for differential
centrifugation. The total volume was adjusted to 30 ml by adding
1 x MS homogenization buffer (0.65 M sorbitol, 5 mM MES, pH 5.5)
and was then centrifuged at 1300 x g for 5 min. The pellet contain-
ing nuclei, unbroken cells, and large membrane fragments were
discarded, and the supernatant was transferred into a clean cen-
trifuge tube and centrifuged at 7000-17,000 x g for 15 min. The
supernatant was discarded, and the pellet containing the mitochon-
drial fraction was washed by suspending the pelletin 1 x MS buffer
and repeating the 7000 g-17,000 g sedimentation. Finally, the pel-
let containing the mitochondrial fraction was suspended in buffer
and used for further analysis [10]. The activities of antioxidant
enzymes, specifically superoxide dismutase (SOD) [28], catalase
(CAT) [9], glutathione-S-transferase (GST) [17], glutathione reduc-
tase (GR) [41], and glutathione peroxidase (GPx) [36], and lipid
peroxidase (LPx)[19] were estimated in the mitochondrial fractions
and normal tissue fractions of kidneys. Assays for all the enzymes
studied in this investigation were standardized in both experimen-
tal and control tissues by conducting preliminary tests to determine
the optimal pH, temperature, enzyme concentration and substrate
concentration; these optimal conditions were subsequently used
for each enzyme assay. Appropriate control animals were utilized.
The activities of enzymes in experimental tissue were compared
with their activities in the appropriate control.

2.4. Analysis of SOD isoenzymes

Nitro blue tetrazolium (NBT) was used as a superoxide radi-
cal competitor and a color indicator to qualitatively locate SOD on
polyacrylamide gels when cytochrome c was replaced by NBT. In
the NBT negative-staining system, after gels were soaked with NBT
and then riboflavin, exposing them to light caused the riboflavin

to generate a superoxide radical flux in the presence of oxygen
and TEMED. Meanwhile, NBT and SOD in the gels competed for
the superoxide radicals. In the areas where SOD is present, the
gel remains transparent, whereas in the areas without SOD, the
gel becomes purple-blue due to reduced NBT. To separate SOD
isoenzymes, non-denaturing PAGE was performed on 10% acry-
lamide slab mini gels (Mini Protean II, Bio-Rad). SOD isoenzymes
were detected in the gels by a photochemical NBT staining method
[4]. The different types of SODs were differentiated by perform-
ing activity stains in gels previously incubated for 20 min at 25°C
in 50 mM potassium phosphate buffer, pH 7.8, containing either
50 mM KCN or 5 mM H,0,. Cu/Zn-SOD was inhibited by KCN and
H,0,, Fe-SOD was resistant to CN— but inactivated by H,0,, and
Mn-SOD was resistant to both inhibitors [14].

2.5. Statistical results

The data obtained from samples were analyzed and are
expressed as the mean + SD. Data were analyzed by one-way analy-
sis of variance (ANOVA) using the standard statistical software SPSS
16.0.1 to compare the effects among various groups. A probability
value of 0.05 was used as the criterion for significance.

2.6. Histopathology examinations

kidneys tissue attained from each rat group were fixed in 10%
buffered neutral formalin, dehydrated in ascending grades of alco-
hol, and embedded in paraffin. Sections approximately 5 pm thick
were taken, stained with hematoxylin and eosin (H&E), and exam-
ined under a light microscope (Olympus, Japan).

3. Results
3.1. Superoxide dismutase activity

3.1.1. (a). Mn-SOD activity

The specific activity of Mn-SOD was determined in kidney
mitochondrial fractions from control, Cd-exposed, Cd+Ca+Zn-
supplemented, and Cd + Vit-E supplemented rats. Cd exposure led
to pronounced decreases in Mn-SOD activity (21% compared with
the control). Supplementation with Ca+Zn and Vit-E ameliorated
the effects induced by Cd exposure, causing 2.5 U/mg and 0.5 U/mg
reductions in Mn-SOD activity compared with the control. Notably,
greater recovery was observed with Vit-E supplementation com-
pared with Ca+Zn supplementation (Fig. 1A).

3.1.2. (b). Cu/Zn-SOD activity

The specific activity of Cu/Zn-SOD was determined in kid-
neys mitochondrial fractions from control rats, Cd-exposed rats,
Cd-exposed/Ca +Zn-supplemented rats, and Cd-exposed/Vit-E-
supplemented rats. Cd exposure produced a 0.1 mg protein
decrease in Cu/Zn-SOD activity compared with the control. Sup-
plementation with Ca+Zn and Vit-E ameliorated the effects of Cd
exposure, causing 0.2 U/ mg and 0.4 U/mg reductions in Cu/Zn-SOD
activity compared with the control, respectively. Greater recov-
ery was observed with Vit-E supplementation than with Ca+Zn
supplementation (Fig. 1B).

3.2. Catalase activity (CAT) activity

The specific activity of CAT was determined in kidneys
mitochondrial fractions from control rats, Cd-exposed rats,
Cd-exposed/Ca +Zn-supplemented rats, and Cd-exposed/Vit-E-
supplemented rats. Cd exposure produced a 0.25 . mg/protein
decrease in CAT activity compared with the control. Supplementa-
tion with Ca+Zn and Vit-E ameliorated the effects of Cd exposure,
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Fig. 1. A. Effects of Cd and cotreatment with Ca-Zn or Vit-E on oxidative defense enzymes in mitochondrial kidney fractions. Each bar represents the mean+SD (n=6). B.
Effects of Cd and cotreatments on Cu/Zn-SOD activity in the kidneys. Each bar represents the mean £ SD (n=6). C. Effects of Cd exposure on CAT activity in the kidneys. Each
bar represents the mean & SD (n = 6). D. Effects of Cd exposure on GPx activity in the kidneys. Each bar represents the mean + SD (n =6). E. Effects of Cd exposure on GR activity
in the kidneys. Each bar represents the mean + SD (n=6). F. Effects of Cd exposure on GST activity in the kidneys. Each bar represents the mean +SD (n=6). *, Significant.

causing 0.3 U/ mg/protein and 0.4 U/ mg/protein reductions in CAT
activity compared with the control, respectively. Greater recovery
occurred with Vit-E supplementation than with Ca + Zn supplemen-
tation (Fig. 1C).

3.3. Glutathione peroxidase activity (GPx) activity

The specific activity of GPx was determined in kidneys
mitochondrial fractions from control rats, Cd-exposed rats,
Cd-exposed/Ca+Zn-supplemented rats, and Cd-exposed/Vit-E-
supplemented rats. Cd exposure decreased GPx activity by 0.06 .
mole/min/mg/protein compared with the control. Supplementa-
tion with Ca+Zn and Vit-E ameliorated the effects of Cd exposure,
causing 0.10U//mg/protein and 0.27 U/mg/protein reductions in
GPx activity compared with the control, respectively. Greater

recovery was observed with Vit-E supplementation than with
Ca+Zn supplementation (Fig. 1D).

3.4. Glutathione reductase activity (GR) activity

The specific activity of GR was determined in Kkidney
mitochondrial fractions from control rats, Cd-exposed rats,
Cd-exposed/Ca+Zn-supplemented rats, and Cd-exposed/Vit-E-
supplemented rats. GR activity decreased in Cd-exposed rats. Cd
exposure decreased GR activity by 0.06 i mol/ mg protein com-
pared with the control. Supplementation with Ca+Zn and Vit-E
ameliorated the effects of Cd exposure, causing 0.05 U/mg/protein
and 0.06 U/mg/protein decreases GR activity levels compared with
the control, respectively. Greater recovery was observed with Vit-E
supplementation than with Ca +Zn supplementation (Fig. 1E).
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3.5. Glutathione-S-transferase (GST) activity

The specific activity of GST was determined in kidney
mitochondrial fractions from control rats, Cd-exposed rats,
Cd-exposed/Ca+Zn-supplemented rats, and Cd-exposed/Vit-
E-supplemented rats. GST activity was increased by
0.05U/mg/protein/min in Cd-exposed rats compared with con-
trol rats. Supplementation with Ca+Zn and Vit-E decreased
the GST activity to 0.04U/mg/protein/min and 0.03mol of
U/mg/protein/min, respectively, of the levels observed dur-
ing Cd exposure. Greater recovery was observed with Vit-E
supplementation than with Ca+Zn supplementation (Fig. 1F).

3.6. Lipid peroxidase activity (LPx) activity

The specific level of LPx activity was determined in kid-
ney mitochondrial fractions from control rats, Cd-exposed rats,
Cd-exposed/Ca+Zn-supplemented rats, and Cd-exposed/Vit-E-
supplemented rats. LPx activity increased in Cd-exposed rats. The
LPx level was increased by 1.8 U/mg/protein/min in Cd-exposed
rats compared with control rats. Supplementation with Ca+Zn and
Vit-E ameliorated the effects of Cd exposure, causing increases
of 1.6 U/mg/protein/min and 1.4 U/mg/protein/min, respectively,
compared with the control. Notably, greater recovery was observed
with Vit-E supplementation than with Ca+Zn supplementation
(Fig. 2).

3.7. Superoxide dismutase (SOD) PAGE analysis

Quantitative changes in kidneys SOD isoenzyme patterns were
found in all groups which showed two activity bands. After incu-
bation with specific inhibitors, we determined that the slower
migrating band corresponded to Mn-SOD while the faster migrat-
ing band corresponded to Cu/Zn-SOD, based on their respective
increases in electrophoretic mobility (Fig. 3). The readings were
proportional to the concentration of enzyme present in the sam-
ple. The band densities of Mn-SOD (140) and Cu/Zn-SOD (130)
were lower in Cd-exposed rats than in control rats. Supplementa-
tion with Ca+Zn and Vit-E increased the band densities of Mn-SOD
(170 and 190, respectively) and Cu/Zn-SOD (150 and 170, respec-
tively) compared with Cd exposure alone. However, comparing
the Ca+Zn-supplemented and Vit-E supplemented rats, Vit-E-
supplemented rats showed higher band densities for both Mn-SOD
and Cu/Zn-SOD (Fig. 3A-C).

3.8. Histopathological changes of kidneys

Histopathology of the kidneys in the control rats showed a
normal nephritic architecture with regular proximal convoluted
tubule, distal convoluted tubule, and glomerular epithelial (Fig. 4A).
Rats treated with Cd exhibited obvious kidneys lesions with
swollen proximal convoluted tubule epithelium and glomerular
epithelium, vacuolar formation, fibrosis of glomerulus, disappear-
ance of part of the lumen, and severe necrosis in part of the renal
tubular epithelial cells (Fig. 4B). Ca+Zn administration during Cd
exposure markedly attenuated the Cd-induced histological changes
of the kidneys and displayed slight cytoplasmic vacuolation and
coagulative necrosis of the kidney (Fig. 4C). Vit-E alone administra-
tion during Cd exposure significantly exhibits the normal nephritic
architecture as like in control(Fig. 4D).

4. Discussion
Cadmium, which is recognized as one of the most toxic environ-

mental and industrial pollutants, is a ubiquitous toxic metal that
induces oxidative damage by disturbing pro-oxidant/antioxidant

balances in tissue. Cd induced oxidative damage was previously
observed in rats treated with this metal [23,48,34]. The seriousness
of intoxication be governed by on the route, dose, and duration of
exposure to Cd [30,42]. In cells, Cd mainly accumulates in the cyto-
sol (70%), followed by the nucleus (15%), and small amounts are
found in the mitochondria and endoplasmic reticulum [7]. How-
ever, administration of Cd with chemical and mineral or vitamin
supplements was previously shown to diminish the toxic effects of
Cd and increase the accumulation of Cd in the kidney [44]. Our
data showed significant decreases in the activities of SOD, CAT,
GPx, and GR with increased activity of LPx and GST. These data
show that exposure to Cd decreases the activity of redox cycling
antioxidant enzymes and rises lipid peroxidation in the kidneys
of rats. This effect has been correlated with oxidative stress [1].
The activities of SOD and CAT were decreased in Cd-exposed rats
and increased in rats given supplements. The decreased activities
of SOD and CAT may be due to the concomitant increase in the
generation of free radicals, in the kidneys of Cd-exposed rats. The
interaction between Cd and essential trace elements may be one
of the reasons for the decrease in antioxidant enzymes in the rat
kidney because Cd can occupy the Zn site in Cu/Zn-SOD and creates
inactive forms of the enzyme (Cu/Cd-SOD) [3]. However, the activ-
ity of Cu/Zn-SOD was increased in rats supplemented with Ca+Zn
or Vit-E; this may occur because the supplements protect against
the cytotoxicity of Cd, permitting the maintenance of the normal
cellular redox balance by blocking free radical generation [35,40].
Based on our experience and previous reports, SOD activity can be
easily quantified. The isozymes of the SOD family can be separated
by electrophoresis; under consistent conditions, their band inten-
sities are proportional to the amount of SOD in the loaded sample
[4]. Significant decreases in the activity of GPx in Cd-exposed rats
may be due to the enhancement of peroxidative damage to polyun-
saturated fatty acids, which would result in higher levels of lipid
peroxidation in different tissues, or to the accumulation of ROS
with subsequent development of kidney injury. This suggests that
free radicals could be involved in the damage caused by long-term
exposure to Cd [33]. Cd may reduce the efficiency of GPx only in
part via its direct inhibitory effect on the enzyme, which indirectly
leads to a shortage of the reduced glutathione and NADPH required
for its activity [39]. However, changes in GPx activity caused by Ca-
Zn or vitamin E supplementation with co-administration of Cd may
occur because the supplements enhance the antioxidative defense
system, thereby providing protection against Cd toxicity [38]. GR
activity was reduced in Cd-exposed rats and increased in Ca-Zn-
supplemented and Vit-E-supplemented rats. This may be due to the
sensitivity of GR to Cd, even at low levels. GR was present in several
tissues in which reduction of glutathione depends on reduction of
peroxides. Cd exposure may slow the process of removing cytotoxic
organic peroxides and cause damage to tissues [26]. However, GR
activity was increased in naturally supplemented rats compared
with chemically supplemented rats. This may be due to the abil-
ity of mineral and vitamin supplements to enhance the efflux and
decrease the accumulation of Cd. The increased activity of GST in
the kidney is consistent with our previous findings that exposure
to Cd causes increased activity of GST in the kidney, liver, plasma,
heart and skeletal muscle [23,34,30]. Other authors showed that Cd
exposure increased the activity of this enzyme in kidney [8,21]. The
enzyme GST has an important role in the detoxification of xenobi-
otics, drugs and carcinogens and thus protects cells against redox
cycling and oxidative stress [24,8]. Cd roots significant increase
in LPx concentrations in the rat kidneys and causes lipid perox-
idation in numerous tissues [23,37,11], which suggests that Cd
may persuade oxidative stress by producing hydroxyl radicals [29],
superoxide ions, nitric oxide and H,0; [22,45]. The activity of LPx
was significantly decreased in rats co-supplemented with chemical
(Ca+Zn) and natural (Vit-E) supplements due to the effects of the
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are indicated as control, Cd, Cd+Ca+Zn and Cd + Vit-E, respectively. B. PAGE profile and densitometry graph of the Mn-SOD isoenzyme in the kidneys of all experimental
groups. C. PAGE profile and densitometry graph of the Cu/Zn-SOD isoenzyme in the kidneys of all experimental groups.

antioxidant defense system, which protects cells from Cd-induced
toxicity [38,43,8]. Thus, supplements have roles in maintaining
the LPy level and in protecting the integrity and function of tis-
sues [18]. The LPx content was much lower in rats supplemented
with Vit-E, a natural supplement. This may be because Vit-E is a
liposoluble antioxidant that has an important role in scavenging
free radicals and stabilizing cell membranes, thereby maintain-
ing membrane permeability. Therefore, Vit-E functions to break
free radical chains, interfering with the initiation and progression
of Cd-induced oxidative damage [5]. Moreover, it is known that
antioxidants (e.g.,Vit-E) may act synergistically to prevent lipid
peroxidation and cell destruction [11].

Histopathology results showed normal nephritic ultrastruc-
ture in the control and the Vit-E co-treated groups. The Cd and
the Vit-E groups displayed the normal appearance of microvil-
lus, smooth rounded nucleus, and undamaged mitochondria with
regular structure (Fig. 4A) in the renal tubular epithelial cells.
Cd treatment caused wide-ranging kidney injury with fractured
microvillus and dilated cisternae of the smooth endoplasmic
reticulum (SER), The glomerular epithelial cells showed nuclear

membrane damage, nuclear chromatin condensation, and margina-
tion in Cd-induced kidneys (Fig. 4B).The Ca+Zn co-treated group
displayed slight regenerative nephritic ultrastructure(Fig. 4C) The
Cd + Vit-E co-treated group exhibited normal nephritic ultrastruc-
ture of mitochondria in the renal tubular epithelial cells as like in
the control group (Fig. 4D).

5. Conclusions

In summary, our study explored how Cd exposure leads to sig-
nificant decreases in the activities of SOD, CAT, GPx, and GR and to
increases in the activities of LPx and GST. The decreased activities
were due to the concomitant increases in the generation of free
radicals in the kidney of Cd-exposed rats. Thus, Cd accumulation
in the kidney, mainly increased the level of nascent oxygen species
and enhanced the oxidative stress during the subsequent devel-
opment of renal injury. The activities of the scavenger enzymes
SOD, CAT, GPx, and GR were increased in Cd-exposed rats supple-
mented with Ca+Zn or Vit-E. This essential metals and vitamins
can reduce the heavy metal burden by competing with Cd for
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Fig.4. A. Photomicrograph of longitudinal section of control rat kidneys (H and E) showing normal glomeruli with an intact Bowman'’s capsule, Proximal convoluted tubules,
Distal convoluted tubules. The kidneys of the control group B. The kidneys of the Cd group showing severe degenerated structure of Cd intoxicated atrophied glomeruli,
albuminous material in dilated urinary space, fibroblasts and perivascular edema. C. Effects of Ca+Zn administration on the ultrastructural changes in the kidneys of Cd-
induced rats showing the recovery longitudinal section of Cd + Ca +Zn treated group. D. The kidneys of the Cd + Vit-E co-treated group showing a better recovery longitudinal

section of Vit-E treated group.

intestinal absorption and prevent heavy metal induced tissue dam-
age by competitive binding to active sites of the enzymes. These
supplements protect against the cytotoxicity of Cd by maintaining
the cellular redox balance via blockage of free radical generation.
Histopathological and ultrastructural damages, and apoptosis in
the rat kidneys observed in Cd induced group. Therefore, sup-
plementation with Vit-E alone may have pronounced inhibitory
effects against Cd-induced nephrotoxicity and regenerate struc-
tural changes of kidneys observed than Ca+Zn supplemented
group rats.
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