
Abstract. – Background and Objec-
tives: The aim of the present study was to de-
termine if the combination therapy of quercetin
along with vitamins (C and E) has any advan-
tage over the cadmium (Cd) induced oxidative
stress and renal injury in rats. They were
analysed serum and urinary markers of renal
damage (urea, uric acid, creatinine and creati-
nine clearance), renal oxidative stress indices
(thio barbituric acid reactive substances:
TBARS, lipid hydroperoxides (LOOH) and pro-
tein carbonyls (PC), renal non-enzymatic [re-
duced glutathione (GSH), total sulphydryl
groups (TSH)], vitamin-C and vitamin-E, enzy-
matic [superoxide dismutase (SOD), catalase
(CAT), glutathione peroxidase (GPX), glu-
tathione-s-transferase, GST)], glutathione me-
tabolizing enzymes [glutathione reductase (GR)
and glucose-6-phosphate dehydrogenase,
(G6PD)] and histological changes in kidney.

Results: Cd intoxication signif icantly
(P>0.05) increased the levels of serum nephrit-
ic markers (urea, uric acid, creatinine) and sig-
nificantly (P>0.05) reduced the urea, uric acid
and creatinine in urine and serum creatinine
clearance. It also significantly (P>0.05) in-
creased renal oxidative stress markers and
significantly (P>0.05) decreased renal non-en-
zymatic and enzymatic antioxidants status and
severely increased the histo-pathological
changes when compared to normal control
rats. Cd intoxicated rats pre-treated with
quercetin (QE) alone and QE along with vita-
min-C (VC) and vitamin-E (VE) significantly
ameliorated Cd induced anomalies in renal bio-
chemical and histological indices.

Conclusion: The ameliorative effect against
Cd intoxication was much pronounced in rats
treated with QE along with vitamins C and E.
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Introduction

Exposure of toxic metals has become an in-
creasingly recognized source of illness world-
wide. Cadmium (Cd) is a redox inactive metal,
which is one of the most toxic substances in the
environment due to its wide range of organ toxic-
ity and long elimination half-life. Sources of hu-
man exposure of Cd include food, water, ciga-
rette smoke and from industries such as electro-
plating, plastics, colouring pigments and batter-
ies1. The kidney makes up the bulk of total body
burden to Cd because of its ability to produce
large amount of metallothionein, a metal-binding
protein with high affinity for Cd2. The mecha-
nism responsible for Cd toxicity may be multi-
factorial. Cd can cause oxidative damage within
tissues, which is considered an early sign of toxi-
city and has been linked with carcinogenesis3.
Cd interferes with intracellular signaling net-

work and gene regulation at multiple levels.
Some of the specific changes that lead to tissue
damage and death in chronic exposure of Cd
have been related to oxidative stress and thiol de-
pletion4. Suppression of free radical scavenging
function and the enhancement of reactive oxygen
species (ROS) contributes to Cd induced oxida-
tive stress, lipid peroxidation and its associated
toxic effects5,6.
Cd produces a variety of health hazards in hu-

mans and animals due to its ability to induce se-
vere alterations in various organs and tissues in-
cluding the nervous system7. Kidneys are consid-
ered to be the main target organ for chronic Cd
induced toxicity8. Redox disturbances are known
to negatively impact the body system through
ROS generation which destructs proteins, lipids
and DNA by oxidation. Lipoperoxidation (LPO)
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involves a broad spectrum of alterations in cells
and the consequent degeneration of cell mem-
branes. Free radicals and intermediate products
of peroxidation are capable of damaging the in-
tegrity and altering the functions of biomem-
branes, which can lead to the development of
many pathological processes9.
Antioxidants are the natural defense mecha-

nism existing in our system and these are capable
of scavenging the deleterious free radicals. A
number of dietary antioxidant compounds have
been shown to influence the membrane charac-
teristics such as fluidity, stability and susceptibil-
ity to membrane oxidative damage9. Recently a
great deal of attention has focused on the protec-
tive biochemical functions of naturally occurring
antioxidants in biological systems against toxic
heavy metals. Any natural or synthetic com-
pound with antioxidant properties might con-
tribute towards the total protection of the oxida-
tive damage that may have a significant role in
alleviation of Cd induced oxidative injury.
Flavonoids are polyphenolic compounds wide-

ly distributed in dietary fruits, vegetables and
wine. The average daily intake in the occidental
diet is about 23 mg, of which quercetin is one of
the most abundant representing the 60-75% of
the average polyphenol ingestion10,11. Quercetin
directly scavenges the superoxide anion12 and in-
hibits several superoxide generating enzymes
such as xanthine oxidase13,14. In addition
quercetin is a potent metal chelator15. Till the
date, over 130 preparations containing quercetin,
which are registered as drugs worldwide16.
In addition, vitamins C and E exhibit a protec-

tive effect against free radical-induced oxidative
damage17,18. While vitamin C can dissolve in wa-
ter, vitamin E is a lipid soluble compound. Vita-
min E is the only significant lipid-soluble, chain-
breaking antioxidant present in human blood
cells. Its scavenging effect of oxygen radicals has
been clarified19. Ascorbate also known to scav-
enge superoxide, hydrogen peroxide, hydroxyl
radical hypochlorous acid, aqueous peroxyl radi-
cal and singlet oxygen20. However, recent studies
suggested that antioxidant effects of vitamin E
and ascorbate depending on their concentrations
and the level of free metal ions present in the sys-
tem21,22. α-Tocopherol can be regenerated by re-
action at the aqueous interface with ascorbate23.
Because of this regeneration process, the combi-
nation of vitamins C and E provides better an-
tioxidant protection than vitamin C or vitamin E
alone. Indeed, combination of vitamins C and E

was shown to have protective effects in many
diseases associated with enhanced oxidative
stress23.
There are multitudes of reports available on the

protective effects of quercetin, vitamin C and vita-
min E individually against various xenobiotics in-
duced oxidative stress in experimental animals.
Still to date the reports are scanty regarding the
combined alleviated efficacy of quercetin in com-
bination with vitamins C and E on Cd induced re-
nal toxicity in rats. As well as there are some con-
troversies over the combined administration of
flavonoids in combination with vitamins C and E
because the flavonoids have been reported to af-
fect the absorption of vitamins in some human nu-
tritional studies. In view of the above considera-
tions, the present study was designed to evaluate
the protective efficacy of quercetin in combination
with vitamins C and E on Cd induced oxidative
damage in the kidney of rats.

Materials and Methods

Animals
Adult male albino rats (Rattus norvegicus) of

Wistar strain (120-150 g) were used for the present
experiment. They were procured from the Depart-
ment of Medical Science, Central Animal House,
Annamalai University, Annamalainagar. The rats
were housed in plastic cages and maintained in 12-
h light/12-h dark cycle, 50% humidity and 25 ±
3°C. The animals had free access to standard pellet
diet (M/s. Pranav Agro Industries Ltd., Bangalore,
India) and water ad libitum. This study was ap-
proved (vide No. 160, 2007) by institutional Ani-
mal Ethics Committee of Annamalai University
and the study conducted in accordance with the
“guide for the care and use of laboratory animals”.

Chemicals
Quercetin was purchased from Sigma chemi-

cal Co (St. Louis, MO, USA). Cadmium was
purchased by Pfizer, India. Commercial kits to
estimate serum renal markers were procured
from Sigma Diagnostics (I) Pvt. Ltd. (Baroda, In-
dia). All other chemicals and biochemicals were
of analytical grade obtained from local firms.

Treatments
In the present experiment, a total of 30 rats

were used and they were randomly divided into 5
groups of six rats in each group.



Group 1: Control rats received only the vehicles
for a period of 28 days.

Group 2: Normal rats orally received quercetin
(50 mg/kg BW) in combination with vitamins
C (50 mg/kg BW) and E (50 mg/kg BW) with
an half an hour intervals.

Group 3: Normal rats orally received cadmium
chloride (5 mg/kg BW) for 28 days.

Group 4: Normal rats orally received quercetin
(50 mg/kg BW) and Cd (5 mg/kg BW) for a
period of 28 days.

Group 5: Normal rats orally received Cd (5
mg/kg BW) and quercetin (50 mg/kg BW) in
combination with vitamins C (50 mg/kg BW)
and E (50 mg/kg BW) for 28 days. Antioxi-
dants were given 90 min prior to the adminis-
tration of Cd.

After the last treatments, rats were fasted
overnight. Blood samples were taken by cardiac
puncture into tubes without adding anticoagulant
and were sacrificed by cervical decapitation un-
der ketamine anesthesia. The serum obtained af-
ter centrifugation (1000 rpm for 10 min at 4°C)
was used for various serum biochemical assays.
The kidney was dissected out, weighed and

washed using chilled saline solution. Tissue was
minced and homogenised (10%, w/v) in appro-
priate buffer (pH 7.4) and centrifuged (3000↔ g
for 10 min). The resulting clear supernatant was
used for various enzymatic and non-enzymatic
biochemical assays. Six rats from each group
have been sacrificed and used for analysing
serum and tissue biochemical assays.

Biochemical assays

Estimation of Urea, Uriric Acid,
Creatinine and Creatinine Clearance
The levels of urea, uric acid and creatinine in

serum and urine were estimated spectrophoto-
metrically using commercial diagnostic kits (Sig-
ma Diagnostics (I) Pvt. Ltd, Baroda, India). Cre-
atinine clearance as an index of glomerular filtra-
tion rate was calculated from serum creatinine
and a 24 h urine sample creatinine levels.

Determination of Lipid Peroxidation
(LPO) and Protein Carbonyl Contents
LPO in the kidney was estimated calorimetri-

cally by measuring thiobarbituric acid reactive
substances (TBARS) and hydroperoxides as de-
scribed by Niehiaus and Samuelsson25, Jiang et

al.26, respectively. As a hallmark of protein oxi-
dation, total protein carbonyl content was deter-
mined in the kidney by a spectrophotometric
method described by Levine et al.27 and ex-
pressed as nmol/mg protein.

Measurement of
Non-Enzymatic Antioxidants
Reduced glutathione (GSH) was determined

by the method of Moron et al.28 based on the re-
action with Ellman’s reagent (19.8 mg dithioni-
trobis benzoic acid in 100 ml of 0.1% sodium cit-
rate). Total sulfhydryl groups (TSH) in the kid-
ney homogenate were measured after the reac-
tion with dithionitrobis benzoic acid using the
method of Ellman29. Vitamin C and vitamin E
concentrations were measured by the methods of
Omaye et al.30, Desai31, respectively.

Assay of Antioxidant and
Glutathione Metabolizing Enzymes
Superoxide dismutase (SOD) activity was de-

termined by the method of Kakkar et al.32. Super-
oxide radicals react with nitroblue tetrazolium in
the presence of NADH and produce formazan
blue. SOD removes the O. - radicals and inhibits
the formation of formazan blue. The intensity of
colour is inversely proportional to the activity of
the enzyme. Catalase (CAT) activity was assayed
colorimetrically as described by Sinha33 using
dichromate acetic acid reagent. Glutathione per-
oxidase activity (GPx) was assayed by the
method based on the reaction between glu-
tathione remaining after the action of GPx and
5,5´-dithiobis-2-nitrobenzoic acid to form a com-
plex that absorbs maximally at 412 nm34. Glu-
tathione S-transferase (GST) activity was deter-
mined spectrophotometrically by using dichloro-
2, 4-dinitrobenzene as the substrate35.
Glutathione reductase (GR) that utilizes

NADPH to convert metabolized glutathione
(GSSG) to the reduced form was assayed by the
method of Horn and Burns36. The estimation of
glucose-6-phosphate dehydrogenase (G6PD) was
carried out by the method of Beutler37, where an
increase in the absorbance was measured when
the reaction was started by the addition of glu-
cose-6-phosphate. Protein level was determined
by using bovine serum albumin (BSA) as the
standard at 560 nm38.

Histopathological Studies
For qualitative analysis of kidney histology, the

tissue samples were fixed for 48 h in 10% forma-
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lin-saline and dehydrated by passing successfully
in different mixture of ethyl alcohol, water,
cleaned in xylene and embedded in paraffin. Sec-
tions of the tissue (5-6 µm thick) were prepared by
using a rotary microtome and stained with haema-
toxylin and eosin (H&E) dye, which was mounted
in a neutral deparaffinated xylene medium for mi-
croscopical observations. Six rats from each group
have been sacrificed for analysing the renal histol-
ogy and histopathological examinations.

Statistical Analysis
All the data were expressed as means ± SD of

number of experiments (n=6). The statistical sig-
nificance was evaluated by one-way analysis of
variance (ANOVA) using SPSS Version 9.0
(SPSS, Cary, NC, USA) and the individual com-
parisons were obtained by Duncan’s multiple
range test (DMRT). Values were considered sta-
tistically significant when p>0.05.

Results

Serum and Urine Markers of
Renal Damage
The changes in the levels of serum renal mark-

ers of control and experimental rats during exper-
imental period are given in Table I. A significant
increase in the level of serum urea, uric acid and
creatinine and a significant decrease in the level
of serum creatinine clearance was observed in
cadmium treated rats when compared to control
rats at the end of the experimental period. Ad-

ministration of quercetin in combination with vit-
amins C and E significantly (p<0.05) decreased
the leves of serum renal functional markers when
compared to Cd and Cd along with quercetin
treated rats
The levels of urine pathologic markers viz.,

urea, uric acid and creatinine of control and ex-
perimental rats during experimental period are
shown in Table I. The levels of urea, uric acid
and creatinine in urine were significantly de-
creased in cadmium group when compared with
control group. The levels of these nephritic mark-
ers in urine were significantly restored to their
normal levels by the treatment with quercetin in
combination with vitamins C and E when com-
pared to Cd and Cd along with quercetin treated
rats.

Renal Oxidative Stress Markers
The changes in the levels of renal LPO, lipid

hydroperoxides and protein carbonyls in control
and experimental rats are shown in Table II. The
levels of lipid peroxidation products namely
TBARS, lipid hydroperoxides (LOOH) and pro-
tein carbonyls (PC) were significantly (p<0.05)
increased in Cd treated rats when compared with
control. Oral administration of quercetin in com-
bination with vitamins C and E significantly
(p<0.05) decreased the levels of TBARS, LOOH
and PC in the kidney tissue of rats when com-
pared to Cd treated and Cd along with quercetin
treated rats. Administration of quercetin in com-
bination with vitamins C and E alone significant-
ly (p<0.05) reduced the levels of TBARS, LOOH
and PC when compared with control group.
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Cadmium +
Quercetin + Quercetin +
Vitamins C Cadmium + Vitamins C

Groups Control and E Cadmium Quercetin and E

Urea in serum (mg/dL) 37.21 ± 1.75a 35.41 ± 1.68a 59.34 ± 2.69b 47.72 ± 1.92c 41.17 ± 1.81d

Uric acid in serum (mg/dL) 1.23 ± 0.09a 1.21 ± 0.09a 2.31 ± 0.17b 1.49 ± 0.08c 1.35 ± 0.08d

Creatinine in serum (mg/dL) 1.08 ± 0.04a 1.06 ± 0.04a 2.27 ± 0.16b 1.33 ± 0.08c 1.21 ± 0.06d

Creatinine clearance (mL/min) 0.50 ± 0.05a 0.48 ± 0.05a 0.26 ± 0.01b 0.38 ± 0.03c 0.44 ± 0.04d

Urea in urine (mg/dL) 132.14 ± 7.54a 130.27 ± 7.38a 98.47 ± 5.97b 118.75 ± 7.12c 125.57 ± 7.31d

Uric acid in urine (mg/dL) 7.75 ± 0.69a 7.71 ± 0.72a 4.49 ± 0.37b 7.28 ± 0.54c 7.51 ± 0.61d

Creatinine in urine (mg/dL) 2.78 ± 0.16a 2.74 ± 0.17a 1.67 ± 0.11b 2.49 ± 0.14c 2.61 ± 0.15d

Table I. Effect of quercetin in combination with vitamins C and E on the levels of renal functional markers of control and ex-
perimental rats.

Values are means ± SD for 6 rats in each group; a,b,c and dValues are not sharing a common superscript letter (a, b, c and d) differ
significantly at p<0.05 (DMRT).



Renal Non-Enzymatic Antioxidants
Table III illustrates the alterations in the levels

of non-enzymatic antioxidant systems in kidney
of control and experimental rats. A significant
decrease (p<0.05) in the levels of non-enzymatic
antioxidants (GSH, TSH, vitamins C and E) in
the kidney tissue was observed in rats treated
with Cd when compared to control. Administra-
tion of quercetin in combination with vitamins C
and E significantly (p<0.05) increased the levels
of non-enzymatic antioxidants to near normalcy
when compared with Cd treated and Cd along
with quercetin treated rats.

Renal Enzymatic Antioxidants
The activities of enzymatic antioxidants name-

ly (SOD, CAT, GPx and GST) and glutathione
metabolizing enzymes (GR and G6PD) were sig-
nificantly (p<0.05) decreased in the kidney tissue
of Cd treated rats when compared with control.
Administration of quercetin in combination with
vitamins C and E in Cd intoxicated rats signifi-
cantly (p<0.05) increased the activities of these
antioxidants and glutathione metabolizing en-

zymes (Tables IV and V) when compared with
Cd treated and Cd along with quercetin treated
rats. Rats administrated with quercetin in combi-
nation with vitamins C and E alone showed a sig-
nificant increase in the level of enzymatic and
non-enzymatic antioxidants when compared with
control.

Histological Changes

Histopathology of the Kidney
Histopathological studies showed that Cd in-

duced multiple foci of hemorrhage, tubular necro-
sis, degeneration, inflammatory cell infiltration
and cloudy swelling of tubules in the kidney (Fig-
ure 1C and D). According to microscopic exami-
nations pathological lesions elicited by Cd were
effectively attenuated in the kidney of rats treated
with Cd along with quercetin (Figure 1E) and Cd
along with quercetin in combination with vitamins
C and E (Figure 1F). Which were in agreement
with the results of renal functional markers and
the kidney lipid peroxidation and antioxidant sta-
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Cadmium +
Quercetin + Quercetin +
Vitamins C Cadmium + Vitamins C

Groups Control and E Cadmium Quercetin and E

TBARS 2.47 ± 0.15a 2.36 ± 0.13e 4.18 ± 0.36b 2.97 ± 0.21c 2.65 ± 0.18d

Lipid hydroperoxides 0.57 ± 0.05a 0.48 ± 0.05e 0.98 ± 0.09b 0.74 ± 0.07c 0.62 ± 0.06d

Protein carbonyls 1.76 ± 0.14a 1.67 ± 0.11e 4.57 ± 0.35b 2.68 ± 0.21c 2.24 ± 0.17d

Table II. Changes in the levels of lipid peroxidation (mg/g tissue), lipid hydroperoxides (mmole/g tissue) and protein car-
bonyls (nmole/mg protein) of control and experimental rats.

Values are means ± SD for 6 rats in each group; a,b,c,d and eValues are not sharing a common superscript letter (a,b,c,d and e) dif-
fer significantly at p<0.05 (DMRT).

Cadmium +
Quercetin + Quercetin +
Vitamins C Cadmium + Vitamins C

Groups Control and E Cadmium Quercetin and E

GSH (µg/g protein) 2.71 ± 0.21a 2.83 ± 0.24e 1.39 ± 0.14b 2.12 ± 0.17c 2.41 ± 0.19d

TSH (µg/g protein) 9.29 ± 0.79a 9.48 ± 0.84e 6.57 ± 0.51b 7.97 ± 0.61c 8.24 ± 0.65d

Vitamin C (µmol/mg tissue) 0.90 ± 0.06a 0.97 ± 0.06e 0.54 ± 0.03b 0.70 ± 0.04c 0.78 ± 0.05d

Vitamin E (µmol/mg tissue) 0.54 ± 0.05a 0.63 ± 0.05e 0.26 ± 0.02b 0.37 ± 0.03c 0.45 ± 0.04d

Table III. Changes in the levels of non-enzymatic antioxidant status of control and experimental rats.

Values are means ± SD for 6 rats in each group; a,b,c and eValues are not sharing a common superscript letter (a, b, c and e) differ
significantly at p<0.05 (DMRT).
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tus. The histoarchitectural patterns of kidney were
almost normal in rats treated with quercetin in
combination with vitamins C and E (Figure 1B)
when compared to control (Figure 1A).

Discussion

Cd induced nephrotoxicity is a well document-
ed event, which involves many pathophysiologi-
cal processes. Kidney injury due to Cd intoxica-
tion could be assessed by measuring the serum
and urinary markers of kidney damage which are
the biochemical hallmarks of renal damage. Sev-
eral lines of studies showed that quercetin pos-
sesses the property to decrease the levels of
marker enzymes in oxidative insults44. Vitamins
C and E might also have a structural role in stabi-
lizing membranes20. Administration of quercetin
in combination with vitamins C and E signifi-
cantly alleviated the levels of renal functional
markers in the serum of Cd exposed rats, which

infers that the Cd induced alterations in the renal
membrane might have been protected through
membrane stabilization effects of quercetin and
vitamins C and E.
Kidneys are critically affected by Cd expo-

sure45. In the present study, the increased levels of
urea, uric acid and creatinine in serum and urine
and decreased level of creatinine clearance in
serum after Cd exposure which reflect the diag-
nosis of renal failure due to glomerular damage
and impairment of infiltration. Our findings also
correlated with the results of Pari et al. (2007)
and Manna et al. (2009) in rats intoxicated with
Cd exhibited increased levels of renal functional
markers. Administration of quercetin in combi-
nation with vitamins C and E significantly de-
creased the levels of urea, uric acid, creatinine
and normalization of creatinine clearance indi-
cating that quercetin and vitamins restore the re-
nal functions from Cd induced toxic damage via
their synergetic antioxidant activities.
Cd induced kidney damage is associated with

increased lipid peroxidation45,46. Cell membranes
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Cadmium +
Quercetin + Quercetin +
Vitamins C Cadmium + Vitamins C

Groups Control and E Cadmium Quercetin and E

SOD 10.78 ± 0.87a 12.27 ± 0.85e 6.28 ± 0.45b 9.17 ± 0.71c 9.37 ± 0.78d

CAT 46.12 ± 3.17a 49.72 ± 2.97e 29.47 ± 2.21b 37.68 ± 2.68c 41.27 ± 2.82d

GPx 5.25 ± 0.32a 5.39 ± 0.31e 2.64 ± 0.17b 4.38 ± 0.24c 4.56 ± 0.29d

GST 5.07 ± 0.27a 5.78 ± 0.25e 3.23 ± 0.19b 4.37 ± 0.23c 4.69 ± 0.25d

Table IV. Changes in the levels of lipid peroxidation (mg/g tissue), lipid hydroperoxides (mmol/g tissue) and protein car-
bonyls (nmol/mg protein) of control and experimental rats.

Values are means ± SD for 6 rats in each group; a,b,c and eValues are not sharing a common superscript letter (a, b, c and e) differ
significantly at p<0.05 (DMRT). SOD – one unit of enzyme activity was taken as the enzyme reaction, which gave 50% inhi-
bition of NBT reduction in one minute/mg protein; CAT – µmole of H2O2 utilized/min/mg protein; GPx – µg of GSH con-
sumed/min/mg protein; GST – µmole of CDNB-GSH conjugate formed/min/mg protein.

Cadmium +
Quercetin + Quercetin +
Vitamins C Cadmium + Vitamins C

Groups Control and E Cadmium Quercetin and E

GR 0.39 ± 0.04a 0.48 ± 0.04e 0.21 ± 0.02b 0.28 ± 0.03c 0.34 ± 0.03d

G6PD 1.75 ± 0.12a 1.87 ± 0.11e 1.08 ± 0.07b 1.47 ± 0.09c 1.61 ± 0.10d

Table V. Changes in the activities of glutathione metabolizing enzymes (GR and G6PD) of control and experimental rats.

Values are means ± SD for 6 rats in each group; a,b,c and eValues are not sharing a common superscript letter (a, b, c and e) differ
significantly at p<0.05 (DMRT). The activities of GR were expressed as nmole of NADPH oxidized/min/mg protein and
G6PD were expressed as nmole of NADPH formed/min/mg protein.
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Figure 1. Representative photographs from the kidney showing the ameliorative effect of quercetin in combination with
vitamins (C&E) on cadmium-induced renal injury in rats. A, Selection of control kidney showing the normal appearance
of intact glomeruli and renal tubules (H and E, 40×). B, Section of kidney treated with quercetin in combination with vita-
mins C and E alone showing the normal appearance of glomeruli and renal tubules (H and E, 40×) C, Section of kidney
treated with cadmium showing tubular necrosis, tubular degeneration, luminal cast formation, marked atrophy of many
glomeruli cells showing large bowman’s space (H and E, 40×) D, Section of kidney treated with cadmium showing the de-
generated and atrophied glomeruli with degeneration and desquamation of renal tubular epithelium (H and E, 40×) E, Sec-
tion of kidney treated with cadmium along with quercetin in showing almost the normal appearance of glomeruli and renal
tubules (H and E, 40×). F, Section of kidney treated with cadmium and quercetin in combination with vitamins C and E
showing the reduced histopathological changes induced by cadmium (H and E, 40×). AG – Atrophied glomerulus; BS –
Bowman’s space; DCT – Distal convoluted tubule; DTE – Degenerated tubular epithelium; G – Glomerulus; PCT – Proxi-
mal convoluted tubule.
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are phospholipid bilayers with extrinsic proteins
and are the direct target of lipid peroxidation
which leads to a number of deleterious effects
such as increased membrane rigidity, osmotic
fragility, cell membrane destruction and cell
damage47. Lipid peroxidation is thought to be an
important mechanism of renal injury and malon-
dialdehyde (MDA) or TBARS is one of its end
products, which is generated during the oxidative
degradation of lipids48.
In the present study the Cd treated rats

showed a marked increase in renal and renal
TBARS and LOOH levels indicate the escala-
tion of LPO, which could be due to the in-
creased formation of free radicals as a conse-
quence of Cd accumulation in kidney and kid-
ney2,3. On the contrary, it has been observed that
the renal TBARS and LOOH levels in the
quercetin in combination with vitamins C and E
pretreated rats were significantly decreased
when compared to Cd treated rats. These results
corroborate well with the previous reports
which showed that quercetin can prevent lipid
peroxidation by directly scavenging free radi-
cals and quenching the lipid peroxidative
chain49,50. In addition, several studies have
shown that vitamins C and E inhibits free radi-
cal formation51 and may effectively minimize
the lipid peroxidation in biological systems52.
Based on this scenario, administration of
quercetin in combination of vitamins C and E in
Cd intoxicated rats effectively decreased the
levels of TBARS and LOOH mainly due to their
free radical scavenging and antilipoperoxidative
effects.
In the present investigation Cd intoxicated

rats showed a marked elevation in the level of
renal protein carbonyls. Numerous studies have
reported that protein carbonyls as an established
biomarker of oxidative stress in humans and
other mammalian system53-55. The rise in protein
carbonyls results from the primary damage in-
flicted by ROS or secondary modifications due
to the formation of stable adduction compounds
between reactive aldehydic end products of
LPO and amino acid side chains56. The in-
creased accumulation of protein carbonyls in
the tissues of Cd exposed rats is due to either
over production of free radicals or decreased ca-
pacity to clean up the oxidatively damaged pro-
teins. Administration of quercetin in combina-
tion with vitamins C and E to Cd exposed rats
markedly decreased the protein carbonyls in
kidney tissue of rats which could be due to abil-

ity of quercetin in combination of vitamins C
and E to scavenge the toxic free radicals.
In the present study, a remarkable depletion of

renal and renal non-enzymatic antioxidants,
which includes GSH, TSH, vitamins C and E
have been observed in Cd treated rats. GSH and
other thiol containing proteins play a key role in
cellular defense against Cd toxicity. Studies with
Cd revealed that the primary route for Cd toxicity
is the depletion of GSH and binding of Cd to −
SH groups of proteins. The depletion of cellular
sulfhydryl reserves seems to be an important in-
direct mechanism for oxidative stress induced by
redox inactive metals57. Our findings are in con-
sistent with other published reports which quoted
that GSH concentration decreased during Cd in-
toxication58,59.
Vitamin C is the primary preventive antioxi-

dant in the cells and body fluids, scavenges the
free radicals and serves as metabolic markers of
Cd toxicity60. Vitamin E is a lipophilic antioxi-
dant, which plays a critical role in detoxifying
the Cd toxicity61. A decreased level of vitamins C
and E during Cd intoxication leads to increased
susceptibility of the tissues to free radical dam-
age. Administration of quercetin in combination
with vitamins C and E significantly reduce the
Cd induced oxidative stress on non-enzymatic
antioxidants in tissues. The direct free radical
scavenging activity of quercetin in combination
with vitamins C and E could mitigate the over
consumption of endogenous non-enzymatic an-
tioxidants by Cd and thereby restore their normal
levels in tissues.
The enzymatic antioxidant defense system in-

cludes mainly SOD, CAT, GPx and GST and this
system protects cells against ROS toxicity and
lipid peroxidation. SOD converts the superoxide
anion radical to hydrogen peroxide and CAT
cleaves this hydrogen peroxide into the mole-
cules of water and oxygen62. GPx is a selenoen-
zyme that catalyses the oxidation of GSH to
GSSG and thereby scavenges the H2O2 and si-
multaneously GST conjugates with xenobiotics
by utilizing GSH for their excretion63. In the pre-
sent study the levels of SOD, CAT, GPx and GST
were significantly decreased in the Cd-treated
rats. The oxidative modification of enzymes, as
indicated by an increased level of protein car-
bonyls by Cd might also be responsible for their
decreased activities of antioxidant enzymes in
the kidney tissue of Cd intoxicated rats.
Rats pretreated with quercetin in combination

with vitamins C and E, a significant restoration
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in the activities of these enzymatic antioxidants
in the kidney tissue. According to the previous
reports, quercetin scavenges superoxide and hy-
droxyl radicals and prevents the formation of
peroxy radicals12,64. Evidences indicated that the
free radical scavenging action of quercetin may
be due to the presence of 3-hydroxyl group in C-
ring and 3´,4´-dihydroxy groups in the B-ring65,66.
In addition vitamins C and E is well known an-
tioxidants67 in biological systems. In the present
study the renal and renal antioxidant level of
SOD, CAT, GPx and GST were increased appre-
ciably in quercetin in combination with vitamins
C and E pretreated rats exposed to Cd, which
might be due to their anti-radical/antioxidant ef-
fects.
Cd intoxicated rats showed a severe decrease

in the activities of renal G6PD and GR. G6PD is
an important enzyme in pentose phosphate path-
way, which generates NADPH from NADP+.
NADPH reducing equivalents are necessary to
keep GSH in its reduced form through the en-
zyme GR. Glutathione reductase catalyzes the re-
duction of GSSG to GSH. NADPH is also impor-
tant for the activity of catalase68. The decreased
activity of G6PD in Cd treated rats could be due
to the formation of Cd complexes with –SH
groups that maintains the tertiary structure of
G6PD69, which in-turn reduces the generation of
NADPH and may consequently decrease the ac-
tivity of GR, the enzyme that catalyses the regen-
eration of GSH from GSSG70. Administration of
quercetin in combination with vitamins C and E
in Cd intoxicated rats significantly increased the
activities of these glutathione metabolizing en-
zymes in kidney tissue via their co-ordinating an-
tioxidant activity.
In the present study, the renal histoarchitecture

of the Cd treated rats resulted in a severe necrotic
changes, extensive degeneration of hepatocytes,
vacuolated cytoplasm, inflammatory cell infiltra-
tion and fatty degenerative changes and vac-
uolization. It might be due to the formation of
highly reactive radicals by Cd. The accumulated
hydroperoxides can cause cytotoxicity, which is
associated with peroxidation membrane phos-
pholipids by lipid hydroperoxides, the basis for
cellular damage. The histopathological changes
coincide with our biochemical studies, which
showed increased level of lipid peroxidation. Ad-
ministration of quercetin in combination with vit-
amins C and E notably reduced the histological
alterations evoked by Cd quite appreciably. It can
be attributed to their antilipoperoxidative, antiox-

idant and metal chelating properties, which sig-
nificantly reduced the oxidative threat leading to
reduction of pathological changes and restoration
of its normal physiological function.
To summarize, the results of the present study

demonstrate that the flavonoid quercetin in
combination with vitamins C and E has a signif-
icant hepatoprotective action on Cd induced ox-
idative damage in the kidney tissue of rat. Cd
decreases the GSH level and disturbs the redox
state of the cells. The observed data infers that
increased lipid peroxidation and associated ROS
generation, decline in antioxidant status might
have culminated in collapse of membrane in-
tegrity that lead to kidney damage in Cd intoxi-
cated rats. Reversal of these abnormalities to a
near normal status reflects the causal associa-
tion of antioxidant/anti-radical properties of
quercetin and vitamins C and E. Further the re-
nal protection was maximum in the combined
treatment of quercetin in combination with vita-
mins C and E than the quercetin alone treatment
in the Cd intoxicated rats. Quercetin, vitamins C
and E might show their protective effects as a
scavenger of free radicals. This feature might
also contribute to their antioxidant activity.
Nevertheless, this feature needs to be further in-
vestigated.
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