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Abstract

Lead is a highly toxic metal and a very potent poison.  Lead poisoning is a serious condition but  
can be treated.  Quercetin is a flavonoid with many beneficial uses.  The aim of the present study was  
to investigate the possible modulating action of quercetin as a model of an antioxidant against the toxic  
effects of lead acetate on liver and kidneys of rats.  Rats were randomly divided into four groups: (i) 
saline group (control); (ii) lead group received i.p. lead acetate (20 mg/kg b.w.); (iii) quercetin group 
received i.p. quercetin (50 mg/kg b.w.); (iv) lead and quercetin group received i.p. lead acetate (20 mg/kg b.w.)  
followed by i.p. quercetin (50 mg/kg b.w.) for 4 weeks.  The lead concentrations were determined in the liver  
and kidney tissues.  Liver marker enzymes, bilirubin, albumin, total protein, creatinine, uric acid and  
urea, were assessed in the serum and light microscopic studies were performed.  The results showed that  
lead acetate administration was associated with an increase in serum alkaline phosphatase (ALP), alanine  
aminotransferase (ALT), aspartate aminotransferase (AST) activities, total bilirubin, creatinine, uric  
acid, urea levels.  Lead accumulation in kidneys and liver tissues was also found, but were associated with  
decrease in albumin and total protein in comparison with the respective mean values of the control.  Lead  
acetate caused numerous histological alterations in the liver, including chronic inflammation, bilary  
hyperplasia, edema, congestion, Kupffer cells hyperplasia and hemosiderosis, and in the kidney, including  
tubular dilation, atrophy of glomerular tuft, widening of urinary space and mild fibroblast.  In 
contrary, administration of lead acetate along with quercetin partially restored the studied parameters  
to normal values and improved structure of liver and kidney with significant decreases in the severity of  
histopathological changes when compared with the lead acetate group.  In conclusion, treatment with  
quercetin may provide a modulating action against the toxic effects induced by lead acetate in the liver  
and kidney of male rats.
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Introduction

Lead exposure causes serious health hazards in  

animals and humans (15).  Accumulation of lead pro- 
duces damaging effects in the hematopoetical, renal 
and gastrointestinal systems (9).  Lead has been as- 
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sociated with various forms of cancer, nephrotoxicity,  
central nervous system effects and cardiovascular  
diseases in human (30).  The most common sources of  
lead are storage batteries, the production of solder for  
electrical devices, formulation of metal alloys, manu- 
facture of pipes, cable sheeting, radiation shielding  
and ammunition, pigments stabilizers or binders in  
paints, ceramics, glass, plastic and mortar industries  
(17).  Other sources of lead poisoning are found in  
automobile radiators, storage of drinking water in  
tanks, wrapping the food in newspapers (ink), canned  
food and the use of lead utensils (17).

Liver is the main target organ for lead toxicity  
(3).  Lead acetate induces liver toxicity through an  
increase in bilirubin and serum liver enzymes and 
decrease in serum albumin and total protein (32).  
The kidney is also affected by lead (2).  Lead induc-
es injury of the renal tissue evidenced by increase 
in lead concentration in the kidney, and increase in 
uric acid, urea and creatinine (1).

Quercetin is a typical flavones-type flavonoid  
distributed in vegetables and fruits, such as onion, broc- 
coli and apples (34).  It has been found that quercetin  
prevents injury caused by oxidant stress and cell death  
by several mechanisms, such as protecting against 
lipid peroxidation and chelating ions (24) and scav- 
enging oxygen radicals (19).  The aim of this study was  
to evaluate the possible protective action of quercetin  
as a model of antioxidant on biochemical and histo-
logical alterations induced by lead exposure in the liver  
and kidney of rats.

Materials and Methods

Animals

All experimental procedures were carried out  
according to NIH guidelines of animal care.  Twenty  
adult male rats weighing about 180-200 g (3 months  
old) were obtained from the animal house of Faculty  
of Medicine, Alexandria University, Egypt.  All ani-
mals were housed in plastic cages, five animals per 
cage, and kept under the same laboratory conditions 
of temperature (25°C) and lighting (12 h light/12 h 
dark) for one week prior to start of experiments for  
acclimatization.  The rats had free access to standard  
commercial rat chow and water.  Institutional Animal  
Care and Use Committee (IACUC) at the Alexandria  
University approved the experimental protocol of this  
study.

Chemicals

Lead acetate and quercetin were purchased from  
Sigma chemicals (St. Louis, MO, USA).  Reagent kits  
for assay of alkaline phosphatase, alanine amin-

otransferase (ALT), aspartate aminotransferase 
(AST), total protein, urea and creatinine were ob-
tained from BIOMED diagnostic, Hannover, Ger-
many.  Reagent kit for assay of bilirubin was ob-
tained from Diamond Diagnostics, Holliston, MA, 
USA.  Reagent kits for assay of uric acid and albu-
min were obtained from SPECTRUM, Cairo, Egypt.

Experimental Design

Animals were randomly divided into four groups,  
with 5 animals in each group.  Group I: the control  
group injected (i.p.) daily with normal saline (0.9 %  
NaCl).  Group II: lead acetate group injected (i.p.)  
daily with lead acetate (20 mg/kg b.w.) (14).  Group III:  
quercetin group injected (i.p.) daily with quercetin  
(50 mg/kg b.w.) (12).  Group IV: the lead acetate and  
quercetin group injected (i.p.) daily by lead acetate  
(20 mg/kg b.w.) followed by quercetin (50 mg/kg b.w.).   
The duration of the experiments was 4 weeks.  At the  
end of the experimental period, all the animals were 
sacrificed; blood samples and selected tissues were 
collected for analysis.

Determination of Bioaccumulation of Lead

Half a gram of the selective tissue was homog- 
enized and digested with nitric acid at 120°C for 2 h.   
The level of lead was estimated in the digested solution  
according to the described method (21).

Biochemical Studies

Determination of the levels of liver marker  
enzymes, bilirubin, albumin, total protein, creatinine,  
uric acid and urea in serum were done using relevant  
commercial kits.

Histopathological Examination

Specimens of liver and kidney were fixed in 10%  
neutral buffered formalin for 24 h, rinsed with water,  
dehydrated in alcohols, cleared in xylene and embedded  
in paraffin.  Tissue blocks were cut into 5-micron  
sections and routinely stained with haematoxylin and  
eosin (H&E) stain (7) before examination under a light  
microscope (Olympus Microscope BX-51, connected  
with a Cool-Snap Prodigital camera and Image-Pro Plus  
image with analysis Software version 6.0).  Histological  
sections were examined under X10 and X40 objective  
lenses.

Statistical Analysis

Results were presented as mean ± standard error  
of the mean (SEM) obtained from five animals.  
SPSS program was used for statistical analysis of 
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data with one–way analysis of variance (ANOVA) 
to compare between groups.  In all the cases, a dif-
ference was considered significant when P < 0.05.

Results

Bioaccumulation of Lead

The lead concentrations were higher (P < 0.05) in  
tissues of the lead group than the control group.  In the  
lead and quercetin group, the lead concentrations were  
reduced (P < 0.05) in the selected tissues in compar-
ison to the lead group (Table 1).  The lead levels of  
all groups increased in the following order: kidney 
> liver > blood.

Biochemical Indicators of Liver Function

The activities of serum ALT, ALP and AST, 
and the bilirubin level were higher (P < 0.05) in 
the lead group relative to those obtained from the 
control group (Table 2), but the activities of ALP, 
ALT and AST and bilirubin level in the lead ac-
etate and quercetin group were lower (P < 0.05) 
compared to the lead group.  Also, exposure  
to lead acetate lowered (P < 0.05) the concentrations  
of total protein and albumin compared with the con-
centrations values obtained for the control group 
(Table 2).  There was an increase (P < 0.05) in total  
protein and albumin concentrations in the lead acetate  
and quercetin group compared with the lead group.  No  
changes in the studied parameters were observed 

Table 1.  Lead levels in the chosen organs in all experimental groups

Kidney
(μg/g)

Liver
(µg/g)

Blood
(µg/ml)

Group I 0.16c ± 0.02 0.14c ± 0.02 0.12c ± 0.02
Group II 4.74a ± 0.21 3.84a ± 0.15 2.78a ± 0.17
Group III 0.18c ± 0.04 0.15c ± 0.02 0.12c ± 0.02
Group IV 2.60b ± 0.13 1.96b ± 0.10 1.63b ± 0.17
F (P) 313.062*(<0.001*) 370.293*(<0.001*) 111.925*(<0.001*)

Groups I to IV are as defined in the text.  Normally distributed data are expressed in mean ± SE and are compared using F test (ANOVA); 
Post Hoc Test (LSD) is used for comparison between groups.  The groups have the same superscript letter have no significant 
difference between them while groups have significant difference have different superscript letter.  *: Statistically significant at P < 0.05.

Table 2. Hepatic biochemical parameters in sera of all experimental groups

ALP (U/L) ALT (U/L) AST (U/L)
Total protein

(g/dl)
Albumin

(g/dl)
Bilirubin
(mg/dl)

Group I 51.20c ± 2.52 39.26c ± 1.62 62.80c ± 2.96 7.55a ± 0.05 3.26a ± 0.8 0.48a ± 0.05
Group II 147.0a ± 9.91 89.25a ± 3.83 164.0a ± 4.44 5.96c ± 0.14 1.36b ± 0.11 0.87b ± 0.10
Group III 49.40c ± 3.87 43.75c ± 2.48 65.96c ± 0.82 7.52a ± 0.09 3.22a ± 0.14 0.55a ± 0.07
Group IV 83.80b ± 2.85 66.0b ± 3.65 126.60b ± 2.73 6.84b ± 0.13 3.14a ± 0.10 0.63c ± 14.08
F (P) 65.149*(<0.001*) 57.565*(<0.001*) 264.446*(<0.001*) 38.835*(<0.001*) 70.957*(<0.001*) 0.994(0.421)

See footnote to Table 1.

Table 3.  Renal biochemical parameters in sera of all experimental groups

Urea
(mg/dl)

Creatinine
(mg/dl)

Uric acid
(mg/dl)

Group I 31.50c ± 0.50 0.39c ± 0.01 31.50c ± 0.50
Group II 55.92a ± 1.23 0.80a ± 0.02 55.52a ± 0.92
Group III 32.62c ± 0.80 0.39c ± 0.02 32.62c ± 0.80
Group IV 41.92b ± 0.71 0.63b ± 0.01 41.92b ± 0.71
F (P) 176.210*(<0.001*) 189.234*(<0.001*) 220.514*(<0.001*)

See footnote to Table 1.
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among the quercetin group when compared with the 
control group.

Biochemical Indicators of Kidney Function

Exposure to lead acetate increased (P < 0.05) the  
levels of uric acid, urea and creatinine relative to the  
control.  Also, there was a decrease (P < 0.05) in uric  
acid, urea and creatinine levels in the lead acetate 
and quercetin group compared with the lead acetate  

group.  No changes in creatinine, urea and uric acid  
levels were observed among the quercetin group when  
compared with the control (Table 3).

Liver Histopathology

Light micrographs revealed that the structural 
components of the liver in both the control and the 
quercetin groups both showed normal hepatic cyto- 
architecture.  They formed of polyhedral hepatocytes  

CV

Fig. 1. Light micrograph of a control liver section of a male 
rat.  Central vein (CV), sinusoids in between hepato-
cytes strands (arrows) (H&E, X10).

CV

Fig. 2. A liver section of a male rat injected with quercetin for 
four weeks.  Normal liver architecture with anastomo-
sing blood sinusoids (arrows) and CV is shown (H&E, 
X10).

PV

BD

PV

BD

CBA

Fig. 3. A liver section of a male rat injected with lead acetate for four weeks.  A: increased number of binucleated hepatocyte (arrows), 
cellular infiltration (star), congested portal vein (PV),bile ductule proliferation (BD) (H&E Stain, X10); B. cellular infiltra-
tion (Star) in the portal area, highly congested PV, BD (H&E Stain, X10); C. deformed liver (circle) with disappearance of 
normal liver architecture, shrinked blood sinusoids, increased number of Kupffer cells (arrows), focal area of mononuclear 
inflammatory cells (star) (H&E, X10).
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which were radically arranged in anatomizing and  
branching plates separated by vascular blood sinusoids  
(Figs. 1 and 2).  Chronic exposure to lead acetate for  
4 weeks (group II) induced alteration in the hepatic 
architecture including hepatocytes, the sinusoids 
and portal triads.  The alterations in the hepatocytes 

involved the appearance of some hepatocytes with 
acidophilic cytoplasm hypereosinophilic cytoplasm,  
binucleation and necrosis (Fig. 3A).  In addition, portal  
triads with chronic inflammation, biliary hyperplasia,  
edema, congestion were noticed (Fig. 3, A and B).  It  
is noticeable that the mononuclear inflammatory cells  
in the portal triad and different parts of the liver were  
characterized by the disappearance of normal liver  
architecture with shrunk blood sinusoids (Fig. 3, A, B  
and C).  In sinusoids, Kupffer cells hyperplasia were  
seen together with hemosiderosis (Fig. 3C).  Histopatho- 
logical examination of liver sections of the lead acetate  
and quercetin group demonstrated less pathological 
changes in its histological structure in comparison  
with the lead acetate group, in which the liver ap-
peared with strands of hepatocytes, portal area having  
less congested PV, minor cellular infiltration  
and organized bile ductule (Fig. 4).

Kidney Histopathology

The histopathological studies of the kidneys of  
the control and the quercetin groups revealed normal  
glomerulus surrounded by the Bowman’s cap-
sule (BC), and distal and proximal convoluted 
tubules (Figs. 5 and 6); moreover, sections of 
the quercetin rats showed more vital appearance 
than the control rats.  On the other hand, kid-
neys sections of the animals in the lead acetate 

PV 

Fig. 4. A liver section of a male rat injected with lead acetate 
and quercetin for four weeks.  Strands of hepatocytes, 
portal area with less congested PV, minor cellular infil-
tration (*), bile ductule (arrow) (H&E, X10).

BCPT

DT

BCPT

DT

Fig. 5. A control kidney section of a male rat. BC with nor-
mal urinary space (arrows), renal tubules consist of 
proximal tubules (PT) with narrow lumen, while distal 
tubules (DT) possess large lumen (H&E, X40).

RC 

PT 

DT 

PT

 

DT

RC

Fig. 6. A kidney section of a male rat injected with quercetin 
for four weeks.  Well-organized renal corpuscles (RC) 
with normal architecture of glomeruli and urinary 
space.  Note, normal structures of PT, and DT (H&E, 
X40).
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group revealed extensive degenerative changes in  
tubular epithelial cells, including hyper chromatic nuclei,  
hyperplasia and desquamated of renal tubular epithe-
lium leading to tubular dilation.  In addition, swollen  
renal corpuscles with atrophy of glomerular tuft in  
focal areas were hyalinized with widening of urinary  
space (Fig. 7A).  In some areas, renal tubules showed  
severe vacuolation (Fig. 7B) and mild fibroblast  

proliferation in between tubules with lysis of tubules  
by the end of the fourth week in all animals compared  
to the normal histological structure (Fig. 7C).  In the  
present study, improved structure with significant  
decreases in the severity of histopathological changes  
was observed in animals treated with lead acetate and  
quercetin when compared with the lead acetate group.   
It was clear that in most areas of the lead acetate and  
quercetin-group, nearly normal tubules and renal corpus-
cles were detected but in some areas, few tubules were  
still affected, which had protein acious casts (Fig. 8).

Discussion

In the present study, the data showed a significant  
increase in concentrations of lead in the liver and kidney  
of rats treated with lead acetate, as were previously  
reported (27).  The results of this study revealed that  
lead acetate induced liver toxicity through increase in  
serum liver enzymes and bilirubin but decrease in 
serum albumin and total protein, in agreement with  
results obtained by many investigators who studied the  
effects of lead on liver functions (4).  Elevated levels  
of serum enzymes ALP, AST and ALT indicated organ  
dysfunction (36) and may be due to either loss of enzyme  
molecules from tissues, or defective de novo synthesis  
(35).  Increase in ALP activity is a threat to the sur-
vival of cells that are dependent on phosphate esters 
for vital cellular processes (31).

Lipid peroxides have been shown to impair tissue  
membranes (22).  It was also shown that lead acetate  
increased malondialdehyde level in hepatic tissues (2,  
6).  This suggests that lead acetate may act as a plasma  
membrane labilizer.  In the current study, the group of  
rats treated with lead acetate followed by quercetin 

BC

BC

BC

BC

PT

CBA

Fig. 7. A kidney section of a male rat injected with lead acetate for four weeks.  A: BC with atrophied glomeruli and wide urinary 
space, desquamated renal tubular epithelium led to tubular dilation (stars) (H&E, X40); B: BC with wide urinary space, and 
vacuolated PT or with dilated lumen (arrows) (H&E, X40); C: Fibrosis in interstitial tissue (dashed circle) and highly vacu-
olated PT (arrows) (H&E, X40). 

RC

DT

PT

RC

DT

PT

Fig. 8. A kidney section of a male rat injected with lead ac-
etate and quercetin for four weeks.  Improved renal 
corpuscles (RC), many improved proximal tubules (PT) 
and distal tubules (DT) with few tubules lumen filled 
with eosinophilic casts (arrows) (H&E, X40).
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showed a decrease in ALP, AST and ALT enzyme  
activities, probably due to the ability of quercetin to  
inhibit lipid peroxidation (25).  The reduction of lead  
concentrations in the studied tissues of rats treated  
with quercetin may be due to the chelating property of  
quercetin.  Quercetin chelates lead by forming a coor- 
dination band with the lead ions through its ortho-
phenolic groups located on the quercetin B ring (8).   
The decrease in total protein and albumin observed here  
also agreed with previous studies (2, 23), and could  
occur by lead interference with protein synthesis or  
by the binding of lead to metal binding proteins and  
removal of such proteins through detoxification 
processes (37).  Inclusion of quercetin in the diet 
improved total protein level and quantitative mea- 
surement of protein oxidation in ethanol-treated rats  
along with quercetin revealed that supplementations  
of quercetin decreased protein oxidation, or increase  
the protein synthesis, and thus maintaining the normal  
endogenous protein content (26).

In agreement with previous results (2, 4), the  
present study showed that exposure to lead increased  
the levels of serum urea, uric acid and creatinine which  
may indicate the presence of glomerular injury and  
renal dysfunction where the level of creatinine displays  
increase in renal disorders (12).  The presence of lead  
may have caused brush-border impairment of the epi-
thelial cells making them impermeable to creatinine and  
urea.  These caused elevated levels of creatinine and  
urea in the blood impairing kidney functions (28).

In the present study, supplementation of quer-
cetin in lead acetate-treated rats led to partial resto-
ration to the normal levels of serum creatinine, urea  
and uric acid.  The protective effects of quercetin on  
the liver and kidney involve enhancing antioxidant  
enzyme activity and decreasing pro-oxidant effects (2,  
7) where lead acetate decreases antioxidant enzymes  
(glutathione S-transferase, superoxide dismutase and  
glutathione peroxide) levels and increases lipid per-
oxides in rats ingested lead acetate (16).

The present study showed that lead acetate 
treatment caused many histological alterations in the  
liver involving congestion of PV, Kupffer cells  
hyperplasia, focal area of inflammatory cells, shrinkage  
of blood sinusoids and binucleation of hepatocytes as  
previously reported (10, 29).  The appearance of inflam- 
matory cells in the liver on lead exposure may be due  
to the interaction of lead with enzymes and proteins  
of the hepatic interstitial tissue, which interferes with  
the antioxidant mechanism leading to the generation  
of reactive oxygen species.  These may imitate an 
inflammatory response (20).  Binucleation observed  
in the present study might represent a consequence of  
cell injury and is usually seen in regenerating cells (14).   
The data of the present study show that lead activates  
the phagocytic activity of the sinusoidal cells through  

increasing the number of Kupffer cells as a result of  
increased autophagy throughout the hepatic tissue to  
help in removing the accumulated lead and its metab-
olites.  The produced Kupffer cells hyperplasia rep-
resents a defense mechanism of detoxification (18).   
Histopathological investigations of the liver display  
changes which reflect damages in hepatic tissues possibly  
due to cycling of heavy of heavy metal.  It has been  
presented that heavy metals form mercaptides with the  
SH groups of cysteine and less stable complexes with  
other amino acid chain and these changes reflect damages  
in hepatic tissues (13).

The liver of rats treated with lead acetate followed  
by quercetin demonstrated marked improvement in  
its histological structure in comparison to the lead  
acetate group with less pathological changes.  Similar  
ameliorative effects of quercetin on lead-induced  
changes in the liver of rats were demonstrated (23).   
Our histological investigation of renal tissue revealed 
that lead acetate treatment resulted in glomerular 
alterations.  These alterations involved the atrophy  
of glomeruli and degeneration of tubular epithelial cells,  
in agreement with previous investigations (4, 33).  The  
cytoplasmic degeneration observed might be due to 
the leakage of lysosomal hydrolytic enzymes (11).

The administration of quercetin in lead-treated 
rats partially restored the studied parameters to  
normal values and improved the structure with de-
creases in the severity of histopathological changes.   
Therefore, our results suggest that quercetin, at 50 mg/kg  
bodyweight, could produce modulating action on the  
liver and kidney of rats intoxicated with lead, sug-
gesting the clinical possibility that quercetin may 
be used in therapy for human individuals subjected 
to lead environmental pollution.
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