
Introduction

Cadmium, a non-essential transition heavy metal, is 
commonly regarded as a pollutant of worldwide concern 
[1]. It is present in the soil, water, air, food, and in cigarette 
smoke [2]. In people occupationally exposed to Cd, the 

main route of entry into the body is Cd inhalation, but also 
the intake of Cd via digestive tract and skin contributes to 
total exposure [3]. It is a toxicant that has a long biological 
half-life (15-20 years) and accumulates over time within 
the blood, kidneys, and liver [4]. Cd causes poisoning 
in various tissues of humans and animals [2]. Evidence 
suggests that Cd exposure enhances intracellular reactive 
oxygen species production and lipid peroxidation, which 
may led to tissue damage [5]. Liver and kidneys are 
important organs of metabolism, detoxification, storage, 
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Abstract

Industrial and environmental pollution are sources of cadmium (Cd) exposure that cause serious health 
hazards. In this work we investigated the protective effect of quercetin on Cd-induced hepatorenal damage 
in rats. Cd toxicity was confirmed by evaluating its level in serum and tissues. Liver function enzymes, 
bilirubin, albumin, creatinine, uric acid, and urea were assessed in serum. However, lipid peroxidation and 
the activity of the antioxidant enzymes were examined in tissues. In addition, liver and kidney were studied 
histologically. Our results showed that the concentration of Cd was higher in tissues of Cd-treated rats while 
in the Cd and quercetin co-treated group, the Cd concentration was significantly reduced. Co-administration 
of Cd with quercetin improved the liver function as evident by the reduced levels of ALP, ALT, AST, 
bilirubin, and the increase in concentration of total protein and albumin. Also, kidney restored its normal 
function as well as lipid peroxidation, and the antioxidant enzymes partially restored their normal values. 
In addition, the protective effect of quercetin on the hepatorenal damage induced by Cd was confirmed 
histologically. In conclusion, quercetin treatment may provide protection against the damages induced by 
Cd exposure.
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and excretion of xenobiotics and their metabolites, and 
are especially vulnerable to damage [6]. The greatest 
body accumulation of Cd occurs in the liver and kidney 
[7]. Cd is toxic to several tissues, most notably causing 
hepatotoxicity as well as nephrotoxicity upon exposure [8]. 
It can induce biochemical changes in liver and kidney. In 
liver it can decrease alanine transaminase (ALT), aspartate 
transaminase (AST), and alkaline phosphatase (ALP) 
activities and bilirubin levels, and decrease albumin and 
total protein [9]. In kidney it causes an increase in urea, 
uric acid, and creatinine [10]. Histologically, treatment 
with Cd causes severe damage, including fatty changes, 
necrosis, pyknotic nuclei, karayolysis, and proliferation 
of kupffer cells [11]. In kidney it causes shrinkage or 
regeneration of cells of the renal tubules, pyknoric nuclei, 
and haemorage [12]. It also causes oxidative stress related 
renal dysfunction [13]. 

Quercetin is a natural flavonoid present in high 
concentrations in fruits and vegetables [13]. Flavonoids 
can prevent oxidative damage as a result of their ability to 
scavenge reactive oxygen species, such as hydroxyl radical 
and superoxide anion, [14] and metal chelating [15]. The 
powerful antioxidant activity of flavonoids suggests that 
these compounds could play a protective role in oxidative 
stress-mediated diseases [16]. The purpose of this study 
was to determine the protective potential of quercetin on 
Cd-induced hepatic and renal damage.

Materials and Methods

Animals

Twenty adult male rats (Rattus norvejicus) weighing 
about 180-200 g (3 months old) were obtained from 
the Faculty of Agriculture, Alexandria University in 
Alexandria, Egypt. All animals were housed in plastic 
cages (five per cage) and kept under the same laboratory 
conditions of temperature (25oC), humidity (60%), and 
lighting (12 h light/12 h dark) for one week prior to the 
start of the experiment for acclimatization. The rats were 
given free access to food and water and fed with standard 
commercial rat chow.

Chemicals

Cd chloride and quercetin was purchased from Sigma 
chemicals (St. Louis, MO, USA). Reagent kits for assaying 
ALP, ALT, AST, total protein, urea, and creatinine were 
obtained from BioMed Diagnostics, Hannover, Germany. 
A reagent kit for assaying bilirubin was obtained from 
Diamond Diagnostics, Duesseldorf, Germany. Reagent 
kits for assaying uric acid and albumin were obtained from 
SPECTRUM, Cairo, Egypt.

Experimental Design

Animals were randomly divided into four groups of 
five animals each. Group I served as the control: rats were 

given daily normal saline (0.9 % NaCl) orally by gavage. 
Group II served as the Cd chloride-treated group: rats 
were given orally by gavage a daily dose of Cd chloride 
dissolved in normal saline at a concentration of 5 mg/kg 
body weight (b.w.) [13]. Group III served as the quercetin-
treated group: rats were given orally by gavage a daily dose 
of quercetin dissolved in normal saline at a concentration 
of 50 mg/kg b.w. [13]. Group IV served as the Cd chloride 
and quercetin co-treated group: rats were given orally 
by gavage a daily dose of Cd chloride at a concentration  
of 5 mg/kg b.w., followed by quercetin (50 mg/kg b.w.).  
At the end of the four-week experimental period, the 
animals were sacrificed and blood samples and selected 
tissues were collected for analysis. The collected blood 
from each animal was centrifuged at 5,000 rpm for  
10 min; the separated sera were subjected to different 
blood analyses.

Evaluation of Cd Level

The Cd level was determined in blood, liver, and 
kidneys by the spectrophotometric method using 
o-diazoaminophenylarsonic acid azobenzene as a 
chromogenic reagent [17].

Biochemical Measurments

Liver function enzymes, bilirubin, albumin, creatinine, 
uric acid, and urea were determined in serum using their 
relevant commercial kits. Protein content was estimated 
according to the method of Lowery et al. (1951) [18]  
using bovine serum albumin as standard. Lipid 
peroxidation was performed as described by Buege and 
Aust (1978) [19]. The level of superoxide dismutase 
in tissues was measured by the nitro-blue tetrazolium 
decrease method of McCord and Fridovich (1969) [20]. 
Catalase activity was estimated spectrophotometrically as 
described by Aebi (1974) [21]. The activity of glutathione 
peroxidase was measured according to the method of 
Rotruck et al. (1973) [22]. 

Histological Examination

Specimens of liver and kidney were collected from all 
experimental animals and fixed in 10% neutral buffered 
formalin for 24 hours, rinsed with water, dehydrated in 
alcohols, cleared in xylene, and embedded in paraffin. 
Tissue blocks were cut into thin sections (5 microns) and 
routinely stained with Haematoxylin and Eosin (H&E) 
stain (Bancroft and Gamble, 2002) [23] and examined by 
light microscopy.

Statistical Analysis

Results were presented as mean ± standard error of the 
mean (SE) obtained from five animals. The SPSS program 
was used for the statistical analysis of data (one-way 
ANOVA) to compare the groups. In all cases, a difference 
was considered significant at P≤0.05.
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Results and Discussion 

Bioaccumulation of Cd

The concentration of Cd was significantly higher in 
blood, liver, and kidney of the Cd-treated group than the 
control group (Table 1). In the Cd and quercetin co-treated 
group, the Cd concentration was significantly reduced in 
the selected tissues in comparison to the Cd-treated group. 
This may be due to the metal chelating ability of quercetin 
[15]. The Cd levels of all groups increased in the order: 
liver > blood > kidney

Biochemical Indicators of Liver Function

The activities of ALT, ALP, and AST and the level 
of bilirubin were significantly higher in the Cd-treated 
group relative to that obtained from the control group  
(Table 2). However, the activities of ALP, ALT, and 
AST and the bilirubin level in Cd and the quercetin co-
treated group were significantly lower compared to the 
Cd-treated group (Table 2). The exposure to Cd chloride 
significantly lowered the concentrations of total protein 
and albumin compared with concentration values obtained 

for the control group (Table 2). Similar observations 
were reported in many experimental investigations on 
animals exposed to Cd [11, 24]. The increased levels of 
studied enzymes in Cd-induced rats indicate an increased 
permeability and damage and/or necrosis of hepatocytes 
[9], which increase the release of these enzymes in the 
bloodstream [25]. In addition, the increase in bilirubin 
serum is a clear marker of hepatic dysfunction [13]. 
Moreover, the observed decrease in serum proteins may 
be due to the increased excretion of high molecular weight 
protein (Proteinurea) [26]. There is a significant increase 
in total protein and albumin concentrations in Cd chloride 
and the quercetin co-treated group compared with the 
Cd group. No significant changes in the studied serum 
parameters were observed among the quercetin-treated 
group when compared with the control group.

Biochemical Indicators of Kidney Function

The levels of urea and creatinine in the plasma of rats 
are measured as indicators for kidney function [27]. In 
this report, exposure to Cd chloride produced a significant 
increase in the values of uric acid, urea, and creatinine 
concentrations relative to the control group, confirming 

Table 1. Effects of quercetin on cadmium levels in blood, liver, and kidney.

Cadmium levels

N Blood  
µg/ml   

Liver 
µg/gm. Tissue

Kidney
µg/gm. Tissue

Group I 5 0.013c ± 0.03 0.02c ± 0.0 0.02c ± 0.0

Group II 5 4.68a ± 0.17 5.02a ± 0.12 3.38a ± 0.18

Group III 5 0.02c ± 0.0 0.02c ± 0.0 0.02c ± 0.0

Group IV 5 1.40b ± 0.19 2.12b ± 0.10 0.76b ± 0.06

F (p) 284.750(<0.001*) 995.359(<0.001*) 279.381(<0.001*)

Normally distributed data was expressed in mean ± SE and was compared using F test (ANOVA) and was using Post Hoc Test 
(LSD) for comparison between groups. The different superscripts are significant
*Statistically significant at P≤0.05

Table 2. Effects of quercetin on some hepatic biochemical markers.

Serum

N ALT
(U/L)

AST
(U/L)

ALP
(U/L)

Bilirubin
mg/dl

Total protein
g/dl

Albumin
g/dl

Group I 5 51.0c ± 2.10 75.0c ± 1.92 54.60b ± 1.60 0.38c ± 0.03 7.30a ± 0.13 3.60a ± 0.17

Group II 5 113.80a ± 1.66 154.60a ± 0.98 95.0a ± 0.84 0.76a ± 0.01 5.52c ± 0.16 1.78c ± 0.09

Group III 5 45.80c ± 2.03 71.80c ± 1.46 53.40b ± 1.86 0.36c ± 0.02 7.38a ± 0.12 3.54a ± 0.09

Group IV 5 72.80b ± 1.85 94.40b ± 1.40 48.60c ± 1.50 0.45b ± 0.01 6.72b ± 0.17 2.46b ± 0.14

F (p) 259.966* 
(<0.001*)

674.026* 
(<0.001*)

246.331* 
(<0.001*)

80.753* 
(<0.001*)

35.442* 
(<0.001*)

50.552* 
(<0.001*)

Normally distributed data was expressed in mean ± SE and was compared using F test (ANOVA) and was using Post Hoc Test 
(LSD) for comparison between groups. The different superscripts are significant
*Statistically significant at P≤0.05
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a pronounced impairment in kidney function. Previous 
reports have shown that Cd induces an increase in these 
markers [10, 28-29]. Increased urea and creatinine levels 
may be attributed to the Cd bound to metallothionin in 
the liver and released into plasma, then filtered in the 
glomerular and taken by the proximal tubules of the 
kidney, thus damaging the proximal tubular cells of the 
kidney [30]. However, there was a significant decrease 
in uric acid, urea, and creatinine levels in Cd and the 
quercetin co-treated group compared with the Cd-treated 
group. No significant changes in creatinine, urea, and uric 
acid levels were observed within the quercetin-treated 
group when compared with the control group (Table 3).

Lipid Peroxidation and Antioxidant Enzymes

Exposure of rats to Cd chloride produced a significant 
increase in the value of malonaldehyde (MDA) levels 
and a decrease in the activities of CAT, SOD, and GPX 
enzymes relative to the control group as shown in Table 
4. However, there was a significant decrease in MDA 
levels and an increase in the activities of CAT, SOD, and 

GPX enzymes in Cd and the quercetin co-treated group 
compared with the Cd-treated group. No significant 
changes in such tested parameters were observed among 
the quercetin-treated group when compared with the 
control group. Previous studies have strongly emphasized 
that quercetin is considered a surpass free-radical 
scavenging antioxidant [31] owing to its high number 
of hydroxyl groups and an ability to donate electrons or 
hydrogens, and scavenge hydroxyl groups, hydrogen 
peroxide, and superoxide anions [32]. The free radicals 
attack hepatic cells, leading to hepatic toxicity and 
dysfunction [33]. Also, Cd nephrotoxicity was reported to 
result from generating free radicals and thus inducing cell 
necrosis and apoptosis [34]. The molecular mechanism 
that may be responsible for the toxicity of Cd involves 
oxidative stress disturbing the antioxidant defense system 
[35]. Cd has been shown to stimulate the production of 
reactive oxygen species (ROS) due to an inhibitory effect 
on mitochondrial electron transport [36]. ROS may lead to 
cellular damage when the rate of its generation surpasses 
the rate of its decomposition by antioxidant defense 
systems, such as the enzymes catalase (CAT), superoxide 

Table 3. Effect of quercetin on some renal biochemical markers. 

Serum

N Urea
mg/dl

Creatinine
mg/dl

Uric acid
mg/dl

Group I 5 21.20c ± 0.86 0.39b ± 0.01 1.75c ± 0.05

Group II 5 46.20a ± 1.83 0.69a ± 0.03 2.94a ± 0.05

Group III 5 20.60c ± 1.21 0.39b ± 0.01 1.32b ± 0.04

Group IV 5 35.40b ± 1.29 0.44b ± 0.02 1.67c ± 0.06

F (p) 84.169*(<0.001*) 55.752*(<0.001*) 202.769*(<0.001*)

Normally distributed data was expressed in mean ± SE and was compared using F test (ANOVA) and was using Post Hoc Test 
(LSD) for comparison between groups. The different superscripts are significant
*Statistically significant at P≤0.05

Tissue

Liver Kidney

N MDA SOD GPX CAT
   

MDA SOD GPX CAT

Group I 5 12.22c±0.78 69.60a±1.08 67.0a±1.41 47.0a±1.38 13.06c±0.30 53.20a±1.93 70.40a±1.44 47.60a±1.78

Group II 5 53.0a ± 1.14 24.0c±1.0 33.40c±1.29 25.20c±1.46 50.80a±1.36 25.20c±1.02 35.20c±1.74 25.40c±1.44

Group III 5 13.12c±0.72 68.0a±1.05 64.80a±1.24 45.60a±1.63 11.66c±0.18 55.0a±1.41 68.0a±1.58 46.40a±1.29

Group IV 5 26.80b±1.07 43.20b±1.43 52.80b±1.39 35.80b±1.46 25.0b±1.58 38.20b±1.83 52.80b±1.62 35.0b±1.22

F (p) 405.970* 
(<0.001*)

358.400* 
(<0.001*)

132.669* 
(<0.001*)

46.275* 
(<0.001*)

294.782* 
(<0.001*)

77.455* 
(<0.001*)

103.229* 
(<0.001*)

52.353* 
(<0.001*)

The values of MDA, SOD, GPX and CAT are expressed as nmol/g tissue, U/mg protein, mU/mg protein and U/mg protein, 
respectively. Normally distributed data was expressed in mean±SE and was compared using F test (ANOVA) and was using Post 
Hoc Test (LSD) for comparison between groups. The different superscripts are significant.
*Statistically significant at P≤0.05

Table 4. Effect of quercetin on lipid peroxidation and antioxidant enzymes in liver and kidney.
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Fig. 1. Light micrographs of liver sections stained with H&E. a) Hepatic tissue of the control group showing typical architecture, 
hepatocyte (H) with normal nucleus, sinusoid (arrows) and central vein (CV); b-d) hepatic tissue of cadmium-treated group showing b) 
absence of hepatic architecture and congested dilated central vein (CV); c) vacuolated cytoplasm (arrows) and proliferation of bile ductule 
(BD); d) inflammatory cell infiltration (star), proliferation of bile ductule (BD), and fibrosis (circle); e) hepatic tissue of quercetin-treated 
group showing normal hepatocytes in-between blood sinusoid (S) and central vein (CV); f-h) hepatic tissue of cadmium and quercetin 
co-treated group showing f) great improvement of hepatocytes and slightly congested central vein (CV); g) proliferation of bile ductule 
(arrow) and portal vein (PV); and h) cellular infiltration (arrow) around central vein (CV).
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Fig. 2. Light micrographs of kidney sections stained with H&E. a) Cortical tissue of the control group with normal glomerular tuft (G), 
urinary space (arrow), proximal tubule (PT), and distal tubule (DT); b, c) cortical tissue of cadmium-treated group showing b) interstitial 
blood congestion (arrow), renal corpuscle with focally segmented glomerulus (G), and disorganization of renal tubules (arrows); c) 
atrophied glomerulus (G) with wide urinary space (arrow); d) cortical tissue of  quercetin-treated group showing normal appearance; e, f) 
cortical tissue of cadmium and quercetin co-treated group showing (e) prominent recovery in both renal corpuscles (G) and renal tubules 
(arrows); and f) still affected few renal corpuscles (G).
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dismutase (SOD), and Glutathione peroxidase (GPX) [37]. 
In the present study, the activities of SOD, CAT, and GPX 
were decreased in the liver and kidney of Cd-treated rats. 
This comes in agreement with many reports [11, 38]. 
SOD activity is strongly inhibited by Cd, probably by 
interacting with metal moieties of SOD (Cu, Zn, or Mn) 
and thus reducing activity. Alternatively, Cd may alter 
protein conformation by interacting with the enzyme 
and thereby altering its functional activity [39]. Cd also 
inhibits the activities of many enzymes by binding to their 
thiol groups or by inhibiting the protein synthesis [40]. 
Lipid peroxidation (LPO) is one of the main expressions of 
oxidative damage and is found to play an important role in 
the toxicity of Cd [41]. In this study, the lipid peroxidation 
levels were increased in liver and kidney of rats treated 
with Cd. This agrees with the results [11, 42]. Cd has been 
reported to cause damage to lipids by generating LPO [11]. 
In contrast, quercetin treatment increased the activities 
of SOD, CAT, and GPx enzymes and decreased LPO in 
rats intoxicated with Cd. Similar results were obtained by 
[43]. In this study, the ability of quercetin to increase the 
activities of SOD, CAT, and GPX may be due to the free 
radical scavenging action of quercetin, which may result 
from the presence of the 3-hydroxyl group in the C-ring 
and the 3', 4' dihydroxy group in the B-ring [44].

Liver Histopathology

Liver of the control group showed typical lobular 
architecture. The polygonal hepatic cells with central 
nuclei and uniform cytoplasm arranged in strands 
originated from the central vein. The well-organized blood 
sinusoid in-between the hepatic strands is connected to the 
central vein and contained Kupffer cells. Both central vein 
and sinusoids were clean (Fig. 1a).

In the Cd chloride-treated group, several pathological 
changes were observed in hepatic tissue. The hepatic 
architecture was lost where most hepatocytes appeared 
fused together to form eosinophilic syncytial masses with 
the absence of blood sinusoid lumens in most regions of 
Cd-treated rat liver. The hepatocytes appeared large with 
light and foamy cytoplasm filled with numerous vacuole-
like spaces with heterochromatic nuclei (Figs 1b-c). The 
central blood vessels appeared dilated and congested 
(Fig. 1b). In some areas, mild perivascular fibrosis in the 
portal area were observed with portal vein congestion and 
proliferation of bile ductule (Fig. 1c). In other areas, masses 
of leukocytic infiltration accompanied with portal vein 
congestions and high fibrosis were observed at the portal 
area (Fig. 1d). These results were also reported by other 
researchers [45-46]. According to Leo et al., (1982) [47] 
the vaculoation of the liver cells can be attributed to the 
swelling of mitochondria and proliferation of endoplasmic 
reticulum. The mechanism of Cd-mediated hepatotoxicity 
may involve two pathways [48] – one for the initial injury 
produced by the direct effects of Cd and the other for the 
subsequent injury produced by inflammation from the 
activation of Kupffer cells and neutrophil infiltration. 
Primary injury appears to be caused by the binding of Cd 

to thiol groups on critical molecules in mitochondria. The 
inactivation of the thiol group can cause oxidative stress, 
mitochondrial permeability transition, and mitochondrial 
dysfunction. Although Cd may injure hepatocytes directly, 
it is also possible that hepatocellular injury may be caused 
by the results of ischemia included by endothelial cell 
damage [49]. It was observed that liver exhibited normal 
structure without any histological alterations (Fig. 1e) in 
the quercetin-treated group. 

In the Cd chloride and quercetin co-treated group, 
an improvement was recorded in the hepatic tissue. 
In these specimens, most hepatocytes regained their 
normal appearance with euchromatic nuclei and uniform 
cytoplasm. Also, an increase of binucleated cells was 
demonstrated. The central vein appeared more or less 
normal and the sinusoids appeared with activated kupffer 
cells (Fig. 1f). Few portal areas still suffered from 
proliferation of bile ductule (Fig. 1g). Also, a small mass 
of cellular infiltration was located at the central vein area 
(Fig. 1h). Our results are in agreement with [13, 50].                                 

Kidney Histopathology

A histological analysis of the renal cortex revealed that 
control rats showed normal morphology with well-defined 
renal corpuscles (Fig. 2a).                                                                                                                                 

The rats treated with Cd showed nephrotoxic effects of 
Cd exposure. The microscopic examination has revealed 
that Cd intake affected the tubules of the nephron more than 
the glomerular parts, where the installation of the epithelial 
or toxic parenchimatous tubulonephritis, expressed 
through the even desquamation of the epithelial cells of 
the renal tubules or cytoplasmic vacuolation, appeared in 
the cells of the tubules with interstitial congestion. Also, 
fragmented renal corpuscles could clearly be seen (Fig. 
2b). In most of the cortical area we recorded atrophied 
glomerulus with wide urinary space (Fig. 2c). These 
results are in agreement with those obtained by [12, 28].                   

The histological analysis of the renal cortex revealed 
that the quercetin-treated group showed that the tubular 
cells, glomular parts, and interstitial tissue had normal 
morphology (Fig. 2d).

The administration of quercetin to Cd-treated rats 
resulted in improvement in the tubular structure where 
damage to the tubular cells were not observed and the 
glomeruli appeared normal with capsular space (Fig. 2e). 
A similar result was obtained by [13, 51]. On the other 
hand, glomular parts exhibited minimal histologic changes 
(Fig. 2h).

Conclusions

This study confirmed that Cd exposure caused damage 
in the liver and the kidney as shown by alterations in 
studied biochemical parameters and histological changes. 
These adverse effects were attenuated by quercetin in the 
treated group. Quercetin manifested a protective effect 
against Cd-induced toxicity in liver and kidney, which 



2204 Sedky A., et al.

might be through attenuating lipid peroxidation and the 
elevation of enzymatic antioxidant levels, which indicated 
that quercetin possesses antioxidant and hepatorenal 
protective properties.
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