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Background: Cadmium (Cd), a nonessential heavy metal, is a major environmental and public
health concern. Oxidative stress plays an important role in Cd-induced kidney dysfunction.
Tinospora cordifolia, a medicinal plant rich in phytochemicals, possesses antioxidant activity.
The objective of the present study was to assess the protective effect of Tinospora cordifolia-
stem methanolic extract (TCE) on Cd-induced nephrotoxicity in Wistar rats.

Methods: Male Wistar rats were administered ~5 mg/kg body weight Cd orally and 100 mg/kg
body weight TCE for 28 days. At the end of Cd and TCE treatment, biochemical assays were
performed in serum and tissue homogenate.

Results: Cd-induced oxidative stress in the kidney resulted in increased levels of lipid peroxi-
dation and protein carbonyl content with a significant decrease in cellular antioxidants, such
as reduced GSH, SOD, CAT, GPX, and GST. Cd-induced nephrotoxicity was further confirmed
by marked changes in the histology of the kidney and increased levels of kidney markers.
Additionally, Cd-treated rats showed alterations in membrane-bound ATPase activity and
decreased levels of tissue glycoproteins. Cotreatment with TCE considerably reduced the
biochemical alterations in serum and renal tissue induced by Cd, and also restored ATPase
activity and glycoproteins to near normal levels.

Conclusion: Our results suggested that TCE with its antioxidant effect offered cytoprotection
against Cd-induced toxicity in kidneys by restoring the altered cellular antioxidants and
renal markers. TCE treatment for 28 days reversed ATPase activity and tissue glycoprotein
levels. These results revealed the protective effect of TCE on Cd-induced toxicity in kidneys

and oxidative stress.
© 2016 Korea Institute of Oriental Medicine. Published by Elsevier. This is an open access
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1. Introduction

Cadmium (Cd) is one of the most abundant toxic metals in
the environment, and is known to cause adverse effects in
humans.! Cd is widely used in industrial processes as anticor-
rosive agents, stabilizers in PVC plastic products, pigments,
neutron absorbers in nuclear power plants, in the fabrication
of nickel-Cd batteries, and is found in soil through the use of
fertilizers for agriculture.”? Humans are generally exposed to
Cd via drinking water, food, and by the inhalation of cigarette
smoke. The International Agency for Research on Cancer clas-
sified Cd as a known human carcinogen in 1993, and it is
ranked as the seventh toxicant in the priority list of hazardous
substances on the Agency for Toxic Substances and Disease
Registry.> Cd stress causes typical changes in seed germina-
tion, growth, enzymatic and nonenzymatic antioxidants, and
phytochelating synthase gene expression in plants.* Cd has a
long biological half-life in humans (> 10 years) and accumu-
lates in vital organs, such as the kidney, liver, lungs, heart, and
spleen.”>® Cd mediates its toxic effects via oxidative damage
to cellular organelles through indirect generation of reac-
tive oxygen species (ROS) by Fenton chemistry.” Cd-induced
renal toxicity is mediated through a small cysteine-rich metal-
binding protein metallothionein (MT), which carries Cd to the
kidney as a Cd-MT complex by glomerular filtration. The Cd-
MT complex is then taken up by renal tubular cells, followed by
the catabolism of MT in lysosomes, which leads to the release
of free Cd ions that cause membrane damage.® Another impor-
tant mechanism of Cd toxicity is the depletion of glutathione
and protein-bound sulfhydryl groups, resulting in enhanced
ROS production. This causes increased lipid peroxidation,
enhanced excretion of urinary lipid metabolites, modulation
of intracellular oxidized states, DNA damage, membrane dam-
age, altered gene expression, and apoptosis.” When the kidney
MT defense and detoxification systems are overwhelmed, free
Cd damages the renal tubules.”

In recent years, ayurvedic medicine became popular due
to its advantages. In India, medicinal plants are used for var-
ious therapeutic purposes in Ayurvedic and folk medicines.
Plants are the ideal source of drugs, which are currently avail-
able. The herb Tinospora cordifolia (Menispermaceae) belongs to
a group of medicinal plants known as guduchi that grow in the
tropical and subtropical regions of India. It is a large, glabrous,
succulent, deciduous climbing shrub.'? The plant has been
used in ayurveda as rasayanas for the treatment of diabetes,
rheumatoid arthritis, gout, and infections. The stem is a bit-
ter, stomachic, diuretic that stimulates bile secretion, enriches
the blood, cures jaundice, and has been considered an indige-
nous source of medicine.’>* A variety of compounds isolated
from this plant belongs to different classes, such as alka-
loids, diterpenoid lactones, glycosides, steroids, phenolics,
and polysaccharides.'® The plant is well known for its hepato-
protective, immunostimulatory, antidiabetic, radioprotective,
anti-inflammatory, anticancer, and free-radical scavenging
activity.'>!® Reports indicated the antioxidant potential of
T. cordifolia-stem extracts in vitro'® and in vivo in diabetic
rat models.'” Since Cd-induced renal damage is mediated
through free radical generation, the antioxidant potential
of T. cordifolia-stem methanolic extract (TCE) might help in

combating against the oxidative stress induced by Cd. Thus,
the aim of the present study was to evaluate the protective
role of TCE on Cd-induced nephrotoxicity in Wistar rats.

2. Methods
2.1. Chemicals

Cd chloride was obtained from Sigma Aldrich Pvt. Ltd. (Banga-
lore, India). T. cordifolia was collected from the Western Ghats
near Palaghat, Kerala, India, during the season of November
to January. Plant material was authenticated by a taxonomist
and submitted in herbarium collections at Bharathiar Uni-
versity, Coimbatore, India for reference. Methanolic extract of
T. cordifolia was prepared by the soxhlet-extraction method.
Dried and powdered stem of T. Cordifolia was extracted first
with petroleum ether to remove lipids and fats, and then
the residue was extracted again with methanol. The extract
solution was evaporated under reduced pressure at 40 °C, con-
centrated using a rotary vapor evaporator, and used for further
assays and experiments. All other chemicals used were of ana-
lytical grade and were purchased from HiMedia Laboratories
(Mumbai, India).

2.2. Animals

Male albino Wistar rats were purchased from Small Animal
Breeding Station, College of Veterinary and Animal Sciences,
Mannuthy, Thrissur, Kerala, India. Adult male Wistar rats
aged 100-120-days and weighing 200 +20 g were used for the
study. After acclimatization, animals were grouped six rats
per cage and maintained at a temperature of 25+2°C with
a normal 12-hour light/dark cycle. The animals were fed with
commercially available pelleted rat chow (SaiDurga Pvt. Ltd.,
Bangalore, India) and water ad libitum. The experiment was
carried out according to the guidelines of the Committee for
the Purpose of Control and Supervision of Experiments on Ani-
mals, and the study was approved by the Institutional Animals
Ethics Committee at Bharathiar University, Coimbatore, India.

2.3. Treatment schedule

Cd chloride (5 mg/kg) dissolved in water and TCE (100 mg/kg)
dissolved in 0.3% carboxymethyl cellulose (CMC), were admin-
istered to rats orally for 28 days. This dosage was chosen based
on previous reports and pilot studies (results not shown).!

2.4.  Experimental procedure

The animals were divided into four groups with a minimum
of six rats in each group: Group I, Control; Group II, treated
with Cd chloride [Cd; 5mg/kg body weight (BW)]; Group III,
treated with TCE (100 mg/kg BW); and Group 1V, treated with
Cd chloride (5 mg/kg BW) and TCE (100 mg/kg BWO; Cd + TCE.

After 28-days treatment, the animals were deprived of
food overnight, anesthetized by exposure to diethyl ether,
and then sacrificed by cervical decapitation. Blood was col-
lected and serum was separated and used for kidney marker
assays. The kidney tissue was dissected, washed in ice-cold
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saline, patted dry, and weighed. A small portion of the tissue
was stored in 10% formalin for histopathological examination.
From the remaining tissue, 100 mg was weighed and homog-
enized in chilled 0.1M Tris-HCl buffer in a Potter-Elvejhem
Teflon homogenizer (REMI, Mumbali, India). The homogenate
was used for biochemical investigation.

2.5.  Determination of lipid peroxidation and protein
carbonyl content

Lipid peroxidation and total protein carbonyl content in kid-
ney tissue homogenate were estimated according to the
method of Ohkawa et al'” and Levine et al,'® respectively.

2.6.  Determination of cellular antioxidant status

Oxidative stress was measured by estimating the enzy-
matic and nonenzymatic antioxidant concentrations, such
as reduced glutathione (GSH),'° superoxide dismutase
(SOD),”° catalase (CAT),”' glutathione peroxidase (GPX),?
and glutathione-s-transferase (GST)?> in kidney tissue
homogenate.

2.7.  Serum kidney marker analysis

Blood samples were allowed to clot at room temperature and
then centrifuged at 1200 g for 15 minutes. The clear serum was
separated and used for biochemical assays. Renal function
was assessed by measurement of serum urea®* and creatinine
levels.?

2.8.  Histopathological examination

A small portion of kidney tissue from the experimental
animals was fixed in 10% neutral buffered formalin. The
formalin-stored tissue was processed using standard proce-
dures of paraffin embedding, and ~5-pm sections were cut
and stained with hematoxylin and eosin dye. The histological
changes were studied by light microscopy.

2.9.  Determination of ATPase activity and tissue
glycoproteins

Membrane-bound ATPase enzyme activities, namely
Na*K*ATPase,’® Ca?*ATPase,”’ and Mg?*ATPase,”® and tissue
glycoproteins, such as hexose,”® hexosamine,*° fucose,*! and
sialic acid,?” were measured in the tissue homogenate.

2.10. Statistical analysis

Biochemical data were analyzed using one-way analysis of
variance (ANOVA), followed by Tukey’s multiple comparison
test with the aid of the SPSS version 17 statistical package
program (SPSS Inc., Chicago, IL, USA).

Table 1 - Effect of Tinospora cordifolia extract on body

weight and organ weight of Cd-treated rats

Treatment group Body weight Organ
(8) weight (g)
Group I 240.83+9.34 1.59+0.03
Group II 217.5044.95 1.41+0.03
Group III 249.16 + 8.40 1.65+0.01
Group IV 242.50 £ 9.50 1.57+0.07¢

Data are presented as mean =+ standard error (n=6).

* p<0.001, compared to control.

f Not significant as compared to control.

! p<0.001, compared to Cd-treated group.
Cd, cadmium; Group I, Control; Group II, treated with Cd chlo-
ride [5 mg/kg body weight (BW)]; Group III, treated with Tinospora
cordifolia-stem methanolic extract (TCE; 100 mg/kg BW); Group IV;
treated with Cd chloride (5 mg/kg BW) and TCE (100 mg/kg BW);
Cd + TCE.

3. Results

3.1.  Effect of TCE on Cd-induced decrease in organ and
body weight

During the treatment period, the BW of the animals was
measured intermittently. A significant decrease in the BW
of Cd-treated rats was observed when compared to con-
trols. However, TCE cotreatment with Cd showed a significant
increase in BW when compared to Cd-alone-treated rats.
Organ weight of the Cd-treated animals was also found to
be significantly decreased when compared to control animals,
whereas in Cd and TCE cotreated groups, the organ weight was
found tobe increased when compared to Cd-alone-treated rats
(Table 1).

3.2. TCE lowers Cd-induced oxidative stress

Results of the present study showed a significant increase in
the lipid peroxidation and protein carbonyl content, with sig-
nificant decreases in the levels of cellular antioxidants, such
as GSH, SOD, CAT, GPX, and GST, in rats treated with Cd when
compared to the control group. Cotreatment of TCE with Cd
significantly decreased the lipid peroxidation and protein car-
bonyl contents, whereas the antioxidant status was found to
be significantly increased when compared to Cd-treated rats
(Table 2).

3.3. Effect of TCE on kidney serum markers and
Cd-induced histopathological alterations

A significant increase in the levels of urea and creatinine in
serum was observed in the Cd-treated rats when compared
to the controls. Cotreatment with TCE along and Cd restored
the levels of urea and creatinine to near normal levels when
compared to rats treated with Cd alone (Fig. 1). Histopatho-
logical examination of kidney tissue of rats treated with Cd
showed marked alterations compared to control rats. Degener-
ation of glomeruli, glomerular swelling, and thickening of the
mesangium of Bowman’s capsule were observed in Cd-treated
rats, whereas TCE and Cd cotreated rats showed normal
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Table 2 - Effect of Tinospora cordifolia extract treatment on lipid peroxidation, protein carbonyl content, endogenous

antioxidant levels, and the activities of antioxidant enzymes in Cd-induced oxidative stress in rats

Parameters Group I Group II Group III Group IV

LPO 4493 + 1.93 61.81 + 3.34° 45.32 £ 0.72 47.07 £ 2.35'
PCC 1.22 + 0.02 1.5 + 0.03° 1.25 + 0.01 1.25 + 0.02¢
GSH 366.47 + 0.26 359.99 + 0.09' 365.97 £ 0.54 363.98 + 0.26'
SOD 100 + 0.34 85.95 + 0.58' 99.7 + 0.64 93.15 £ 0.91f
CAT 100 + 1.46 78.62 + 1.92 99.13 + 2.87° 86.2 + 1.98'
GST 100 + 1.8 80.22 + 0.92' 97.91 £ 1.09' 89.82 £+ 2.1

GPX 100 + 1.04 90.89 + 0.62 100.85 + 1.14° 96.22 £ 0.84

Data are presented as mean =+ standard error (n=6). Units are expressed as follows: LPO, umoles of TBA reactants/mg of protein and PCC,

pmoles of pcc/mg of protein. The specific activities of the enzymes were calculated as units/mg of protein, and expressed as % relative activity

by comparing with control.

* p<0.001, compared to control.

f p<0.001, compared to the Cd-treated group.

i Not significant as compared to the control.
CAT, catalase; Cd, cadmium; Group I, Control; Group II, treated with Cd chloride [5 mg/kg body weight (BW)]; Group III, treated with TCE
(100 mg/kg BW); Group 1V; treated with Cd chloride (5mg/kg BW) and TCE (100 mg/kg BW); Cd + TCE; GSH, glutathione; GSX, glutathione-s-
transferase; GPX, glutathione peroxidase; LPO, lipid peroxidation; PCC, propionyl-CoA carboxylase; SOD, superoxide dismutase; TCE, Tinospora
cordifolia-stem methanolic extract.

tissue architecture with minimal alterations when compared the levels of tissue glycoproteins when compared to Cd-alone-
to Cd-alone-treated rats (Fig. 2). treated rats (Table 4).

3.4. Effect of TCE and Cd on membrane-bound ATPase

activities 4. Discussion
The animals treated with Cd showed a significant decrease Cd has been recognized as one of the most toxic environ-
in both Na* and K* ATPase, Mg?* ATPase, and Ca?* ATPase mental and industrial pollutants. Chronic exposure of Cd
activity when compared to control rats. Cotreatment with TCE causes damage to numerous organs and systems primarily
and Cd resulted in a significant increase in Na* K* ATPase, the kidneys.**> Cd induces oxidative damage by disturbing the
Mg?* ATPase, and Ca?* ATPase activities when compared to antioxidant balance in tissues.>* Cd-induced renal toxicity
the Cd-alone-treated group (Table 3). was reported earlier by Ahn et al.®® Neutralizing heavy-
metal-induced toxicity by use of plant-derived components or
3.5. Effect of TCE and Cd on tissue glycoproteins levels extracts with antioxidant potential is of great interestin recent
research. T. cordifolia has a long history of use in ayurvedic
The results of our study showed a significant decrease in tissue medicine due to its immense medicinal properties.® The pres-
glycoproteins, such as hexose, hexosamine, fucose, and sialic ence of polyphenols and flavonoids with antioxidant potential
acid in rats that received Cd when compared to control rats. in TCE was reported by Sivakumar et al.’ The present
However, cotreatment with TCE and Cd significantly increased study assessed the protective role of TCE on Cd-induced
(A) 140, (B) 100
*
120 - 90 *
i i
100+ 80-
5 ! 3 }
x - Y
B g0 g 70-
60 60-
40 50-
Control Cd TCE & Cd+ TCE % Control Cd TCE Cd + TCE

Fig. 1 - Protective effect of Tinospora cordifolia extract on serum markers in Cd-treated rats. (A) Serum urea. (B) Serum
creatinine.

Each bar represents the mean + standard error of the mean for each group.

* p<0.001, compared to control.

t p<0.001, compared to the Cd-treated group.

 Not significant as compared to the control (one way analysis of variance, followed by Tukey’s multiple comparison).
Cd, cadmium.
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Fig. 2 - Histology of kidney tissue. (A) Control, (B) Cd, (C) TCE, (D) Cd + TCE.
Magnification: 100x.
Cd, cadmium; DG, degeneration of glomeruli, GS, glomerular swelling; TCE, Tinospora cordifolia-stem methanolic extract.

Table 3 - Effect of Tinospora cordifolia extract on the activities of membrane-bound ATPases in Cd-induced nephrotoxicity

Membrane-bound ATPases Group I Group II Group III Group IV

Nat* K* ATPase 9.03+0.3 8.38 + 0.06 9.22 + 0.61* 8.76 + 0.097
Ca?* ATPase 7.48 + 0.64 5.38 4+ 0.25° 7.55 + 0.42° 6.94 + 0.31f
Mg?* ATPase 7.91 £ 0.15 5.9 + 0.04° 7.97 £ 0.52¢ 7.53 + 1.20°

Data are presented as mean =+ standard error (n=6) and nmols of pi-liberated/mg of protein.

* p<0.001, compared to control.

f p<0.001, compared to the Cd-treated group.

 Not significant as compared to control.
Cd, cadmium; Group I, Control; Group II, treated with Cd chloride [5 mg/kg body weight (BW)]; Group III, treated with Tinospora cordifolia-stem
methanolic extract (TCE; 100 mg/kg BW); Group 1V; treated with Cd chloride (5 mg/kg BW) and TCE (100 mg/kg BW); Cd + TCE.

Table 4 - Effect of Tinospora cordifolia extract on the levels of tissue glycoproteins in Cd-induced nephrotoxicity

Glycoprotein Group I Group II Group III Group IV
Hexose 477.09 + 14.98 392.71 + 22.57° 477.09 £ 13.70' 471.79 + 17.98!
Hexoseamine 212.33 + 15.28 153.68 + 9.36' 210.64 + 9.36 186.32 + 18.721
Fucose 65.71 + 2.34 52.74 + 2.78' 67.74 + 3.83! 61.64 + 1.91/
Sialic acid 190.58 + 13.36 158.22 + 10.95° 192.66 + 12.2° 173.2 £ 7.26

Data are presented as mean =+ standard error (n=6) and as pg/g of tissue.

* p<0.001, compared to control.

f p<0.001, compared to the Cd-treated group.

¥ Not significant as compared to the control.
Cd, cadmium; Group I, Control; Group II, treated with Cd chloride [5 mg/kg body weight (BW)]; Group III, treated with Tinospora cordifolia-stem
methanolic extract (TCE; 100 mg/kg BW); Group 1V; treated with Cd chloride (5 mg/kg BW) and TCE (100 mg/kg BW); Cd + TCE.
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nephrotoxicity in experimental rats. We observed a significant
decrease in BW of Cd-treated rats. TCE cotreatment resulted
in a significant increase in the BW of rats. This may be due to
the presence of nutritional compounds, such as flavonoids and
phenolic compounds, present in TCE extract. The decrease in
BW upon Cd treatment and antioxidant-mediated restoration
of weight gain had been reported previously by Milton Prabu
etal.’®

Cd intoxication causes oxidative stress in the cells through
the generation of free radicals, such as hydroxyl radical,
superoxide radical, and nitrogen species, such as peroxy
nitrite and nitric oxide, which, in turn, lead to destabiliza-
tion and disintegration of the cell membrane as a result of
lipidperoxidation.®3? Cd-treated rats showed an increased
level of lipid peroxidation and protein carbonyl content, and
cotreatment with TCE and Cd resulted in decreased levels of
lipid peroxidation and protein carbonyl content. Cd toxicity
causes modifications to many enzymes as a result of increased
levels of protein carbonylation and decreased levels of protein
thiol groups.“® Reddy et al'? reported the protective effect of
TCE in reducing lipid peroxidation and protein carbonyl con-
tent; our findings were in line with these reports.

ROS generated in tissues are normally scavenged by cellu-
lar enzymatic and nonenzymatic antioxidants, which protect
cells from oxidative stress. GSH is an important nonenzymatic
antioxidant that plays a major role in antioxidant defense by
direct scavenging of free radicals through its thiol groups. The
level of GSH is used to assess oxidative stress and chemo pre-
ventive ability.*! GSH levels were found to be decreased in
Cd-treated rats, possibly due to the binding of Cd to the GSH
thiol group. GSH depletion leads to enhanced lipid peroxida-
tion, which, in turn, consumes more GSH.*’ In the present
study, TCE cotreatment resulted in a significant increase in
GSH levels. This might be due to the free-radical scavenging
and glutathione-sparing action of TCE during Cd-induced lipid
peroxidation. This result was consistent with previous find-
ings published by Hamas and Kutten,*' where TCE enhanced
GSH content against cyclophosphamide-induced urotoxicity.

Our results indicated a significant decrease in the activities
of enzymatic antioxidants, such as SOD, CAT, GPX, and GST, in
the kidneys of rats exposed to Cd treatment. GPX, GST, and
CAT, which act as preventive antioxidants, and SOD, a chain-
breaking antioxidant, play an key role in protection against
the harmful effects of lipid peroxidation.*> GSH unavailabil-
ity reduces the activities of GPX and GST, as noted from a
previous report.** Our result supported the previous report of
Renugadevi and Prabu.?® However, TCE cotreatment with Cd
resulted in a significant increase in these enzymatic antioxi-
dants. This may be due to the presence of natural antioxidants
in TCE, which help improve the antioxidant status of TCE and
CD cotreated rats. Similar results were reported by Sangeetha
et al*> and Agrawal et al*® in a diabetic rat model.

High blood levels of urea and creatinine indicate an inabil-
ity of the kidney to excrete urea and creatinine, resulting in
renal disease.” Cd-treated rats showed increased levels of
urea and creatinine in serum. The results of serum kidney
markers revealed that Cd induced severe damage to the kid-
ney tissues. These results agreed with the previous report of
Renugadevi and Prabu,? in which urea and creatinine levels
were reduced in the urine of Cd-intoxicated rats. Serum urea

and creatinine levels were decreased in Cd and TCE cotreated
groups. Our results were in agreement with the earlier report
of Hamsa and Kuttan,*' who reported reduced blood urea
nitrogen levels in cyclophosphamide-induced urotoxicity in
Swiss albino mice models after TCE treatment.

Histopathological studies revealed alterations in the kid-
ney architecture of Cd-treated rats. The alterations of damage
included degeneration of glomeruli, glomerular swelling, and
thickening of the mesangium of Bowman’s capsule. Simi-
lar results were reported earlier by Tripathi and Srivastav,®
where cotreatment with TCE offered significant protection
against Cd-induced histological changes and maintained nor-
mal tissue architecture. Agrawal et al*® also reported that TCE
restored the normal histological structure in diabetes-induced
damage in rat kidneys.

Glycoproteins are carbohydrate-linked protein macro-
molecules found on the cell surface, and form the principle
component of cell membrane and membranes of subcellular
organelles.*® Oxidation of protein is a common phenomenon
mediated by high ROS levels, and oxidized proteins, in turn,
induce oxidative stress, a potential mediator of pathogenic
conditions.*” Matte et al*® reported a significant decrease in
the tissue glycoprotein content of liver upon homocysteine-
induced oxidative stress in rats. In the present study, a
significant reduction in the content of tissue glycoproteins,
such as hexose, hexosamine, fucose, and sialic acid, was
observed in Cd-treated rats, which is in line with previously
mentioned reports. The decline in tissue glycoprotein con-
tent might be due to inhibition of glycoprotein synthesis. The
TCE cotreatment along with Cd significantly increased the tis-
sue glycoprotein content, which might be attributed to the
antioxidant activity of TCE and reduced oxidative stress in this
group.

Na* K* ATPase, Ca%* ATPase, and Mg2+ ATPase are
membrane-bound enzymes that play a major role in main-
taining the electrolyte balance in cells. In the kidney, Na*
K* ATPase catalyses active transport of Na* in exchange for
K*, maintains intracellular ion balance and membrane poten-
tial, and is also responsible for maintaining the Na* gradient.
In proximal tubules, glucose and amino acid reabsorption is
achieved due to the Na* K* ATPase-generated Na* gradient.
Thus, alterations in Na* K+ ATPase functions are related to
development of several pathological conditions.”® Lipid per-
oxidation of the biological membrane results in changes in its
fluidity and activities of membrane-bound enzymes.”! Previ-
ous studies reported that Cd could induce lipid peroxidation
and subsequently decrease the activity of membrane-bound
Na* K* ATPase, Mg?* ATPase, and Ca?* ATPase.’®>? The
decreased activity of Na* K* ATPase might be due to pro-
teolysis of Na* K* ATPase through the proteasome system
and lysosomal proteases.®? Our results also showed decreased
activity of Na* K* ATPase, Mg?* ATPase, and Ca’* ATPase
enzymes upon Cd treatment, and are in line with the above
reports. Combined treatment with Cd and TCE resulted in a
significant increase in Na* K* ATPase, Mg?* ATPase, and Ca?*
ATPase enzyme activities. Treatment with TCE alone did not
result any significant effect on these enzymes. Maintenance
of the levels of Na* K* ATPase, Mg?* ATPase, and Ca?* ATPase
enzyme activities by TCE treatment was consistent with the
results of Bafna and Balaraman.>*
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To conclude, our results revealed that cotreatment with
TCE offered protection against Cd-induced renal toxicity in
rats, as evidenced by serum markers and histopathologi-
cal analysis. The results indicated that toxicity induced by
Cd leads to kidney dysfunction by increasing lipid peroxida-
tion and altering its cellular antioxidant system. TCE offered
protection to the kidney by inhibiting lipid peroxidation,
reducing the protein carbonyl content, strengthening the cel-
lular antioxidant pool, and maintaining membrane ATPase
activities. Our results revealed that TCE efficiently protects the
kidney from oxidative damage caused by Cd through minimiz-
ing cell membrane disturbances and tissue damage.
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