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Aging is a natural biological process that leads to deterioration in the liver structures and functions due to 
oxidative stress and the reduction in the oxidative damage’s tolerance. Quercetin, a flavonoid has the ability 
to face the oxidative injury through its antioxidant activity. Therefore, the present study was designed to 
investigate the possible role of quercetin in modulating liver’s function and structure in aged male rats. 
Forty eight male albino rats (3 and 30 months old) were used. Half of the rats at each age received 200 
mg quercetin/Kg every other day for 2 weeks. Thirty months old rats showed a decrease in the liver AST, 
albumin, SOD, CAT and GPx while showed an increase in the liver ALT, plasma cholesterol and MDA 
comparing with 3 months old rats. The percentages of p53 and bax positive areas/ field were 26.04% and 
24.9%, respectively. After quercetin administration, 30 months old rats showed non-significant change 
in the previous biochemical parameters compared with 3 months old rats and the percentages of p53 and 
bax positive areas/ field were 0.6% and 0.9%, respectively. In conclusion, quercetin at a dose of 200 mg/
kg every other day for 2 weeks could improve liver function, decrease the expression of pro-apoptotic 
proteins p53 and bax and increase the antioxidant defense of hepatocytes in aged male rats.

INTRODUCTION

Aging is a natural biological process that leads to gradual 
deterioration in the structures and functions of different 

organs. This is because the ability to maintain homeostasis 
is lost with aging (López-Otín et al., 2013). Accumulation 
of the free radical damage in the cells was reported to be 
the main cause of the aging phenomena. Aging is greatly 
associated with the increase of the oxidative stress and the 
reduction to oxidative damage’s tolerance which result in 
a significant percentage of the oxidized lipids and proteins. 
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It was reported that reactive oxygen species (ROS) cause 
accumulation of the oxidative damage to cellular elements 
which result in reducing the cellular survivability (Hohn 
and Grune, 2013). Liver’s volume decreases by 20–40% 
with aging (Schmucker, 2005). Moreover, a decrease in 
the concentration of the serum albumin and bilirubin and 
liver cells volume were reported (Tietz et al., 1992).

P53 has a role in apoptosis and in cellular response to 
the oxidative stress (Zhu et al., 2007; Tousson et al., 2011; 
Alm-Eldeen et al., 2017). Oxidative stress activates p53 
transcriptional response that regulates cellular senescence 
and aging (Gambino et al., 2013). P53 regulates several 
cellular processes such as DNA repair, cell cycle and 
apoptosis (Park et al., 2016). The deficiency in the function 
of p53 network leads to aging which in turn suppresses 
apoptosis. P53 regulates the transcription of pro-apoptotic 
genes like bax (Sharma et al., 2016). 

Quercetin, a flavonoid detected in some fruits and 
vegetables has diverse biological properties such as anti-
inflammatory, antioxidant and antiviral activities. It was 
reported that it can also inhibit lipid peroxidation and face 
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the myocardial oxidative injury through its free radical 
scavenging capacity (Liu et al., 2012), decrease the 
histological signs of acute inflammation via decreasing the 
levels of lipid peroxidation end-product malondialdehyde 
(MDA) and increasing the antioxidant activity (Dong et 
al., 2014), modulate hepatic oxidative damage induced by 
gold nanoparticles via its antioxidant activity (Abdelhalim 
et al., 2018) and maintain the contractility of bladder tissue 
against ischemic injury via decreasing the oxidative stress 
and apoptosis (Tinay et al., 2017). It was also reported that 
quercetin had the ability to decrease the hepatotoxicity 
via its antioxidant, metal-chelating and anti-inflammatory 
effects. Quercetin could scavenge different reactive 
oxygen species and it is considered as a good antioxidant 
agent when cellular damage occurs (Afifi et al., 2018). 
Wu et al. (2017) have reported that quercetin ameliorates 
liver damage and histopathological changes, and attenuate 
apoptosis and autophagy. Taskan and Gevrek (2020) have 
reported that quercetin reduced alveolar bone loss by 
increasing osteoblastic activity and decreasing osteoclastic 
activity, apoptosis, and inflammation. Consequently, the 
present study was designed to study the possible role of 
quercetin on aging related processes at molecular level in 
aged male rats.

  
MATERIALS AND METHODS

  
Animals

Forty eight male albino rats housed in plastic cages 
and maintained under standard conditions of temperature, 
humidity, and 12 h light/dark cycle were used in the 
present study. Half of the rats were 3 months old and the 
other half was 30 months old. The rats were provided with 
pellets of concentrated diet containing all the necessary 
nutritive elements. The rats were acclimatized for two 
weeks before starting the experiment. All the procedures 
of the experiment were adhered to the guidelines of the 
Ethical Committee of King Khaled University, KSA.

  
Experimental protocol

The 3 and 30 months old rats were subdivided equally 
into 2 subgroups of 12 rats each; control and quercetin 
subgroups weighing 98.2 ± 4.9 g and 110.36 ± 7.62 g, 
321.64 ± 13.16 g and 346.9 g ± 15.2 g, respectively. The 
control rats were injected with saline intraperitoneally 
(i.p.). Quercetin subgroups included 12 rats each were 
injected i.p. with 200 mg quercetin/Kg body weight 
every other day for 2 weeks (Alm-Eldeen et al., 2019). 
Quercetin was purchased from Sigma-Aldrich (St. Louis 
Mo., U.S.A). After two weeks, all rats were sacrificed 
and samples from the liver were carefully collected under 
strict hygienic conditions. Some liver samples were quickly 
storing at -80 ˚C for biochemical analyses and the other 

samples were fixed in 10% neutral buffered formalin for 
histopathological and immunohistochemical examinations. 

  
Biochemical parameters

The activities of serum aspartate and alanine 
aminotransferases (AST and ALT) were determined  
according to Reitman and Frankel (1957). The levels of the 
albumin and cholesterol levels were assessed by commercial 
kits (Itzhaki and Gil, 1964). Superoxide dismutase (SOD) 
activity was determined by the methods of Paoletti 
and Mocali (1990) and the data was expressed as U/mg 
protein. Catalase (CAT) activity was assayed according to 
the method of Aebi (1984) and the data was expressed as 
U/mg protein. Glutathione peroxidase (GPx) activity was 
assayed by the method of Paglia and Valentine (1967) and 
the data was expressed as U/mg protein. Lipid peroxidation 
(MDA) content was estimated by the method of Buege and 
Aust (1978) and expressed as nmole/mg protein.

Histopathological examination 
Liver samples that were fixed in the neutral buffered 

formalin were washed, dehydrated and embedded in 
paraffin. Serial sections of 5 μm thick were prepared then 
some were processed for hematoxylin and eosin staining 
(Bancroft and Cook, 1994) and the others were processed 
for immunohistochemical staining.

Immunohistochemicl examination
The sections were dewaxed and rinsed in phosphate 

buffer saline (PBS) then incubated with an aqueous 
solution of 0.3% hydrogen peroxide for 10 min to block 
nonspecific background staining due to endogenous 
peroxidase then washed 2 times in PBS buffer. The section 
was then incubated with 100 µL of monoclonal mouse 
anti-p53 (cat. no. M7001, Dako Pty Ltd., Campbellfield, 
VIC, Australia) or 100 µL of rabbit polyclonal anti- Bax 
(Oncogene Science, Inc.) at dilution of 1:100 and 1:400 
overnight at 4°C, respectively. The slides were washed 
4 times in PBS then rinsed in biotinylated secondary 
antibody for 15 min followed by washing with phosphate 
buffer and avidin biotin for 15 min. The slides were then 
rinsed using DAB (3, 3´-diaminobenzidine) for 3 min until 
appearance of brown color. The slides were counterstained 
with Mayer’s hematoxylin for 2–5 min, dehydrated and 
mounted. The positive stained area is brown in color. 
The sections were photographed. Fifteen random fields 
from each group were analysed using the objective lens 
X40 were analyzed for p53 and bax expressions. The 
percentages of the areas occupied by positive staining in 
each field in relation to the total area in each field were 
calculated using image J software. Finally, the percentage 
area occupied by p53 or bax positive staining in relation to 
the total area was calculated for each group.
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Statistical analysis
All data are the means of 4 replicates. Two-way 

analysis of variance (ANOVA) was performed followed 
by Tukey post hoc test. Results were expressed as mean 
± standard deviation (mean ± SD). P values ≤ 0.05 was 
considered to be statistically significant. Statistical analysis 
were performed using Excel 2013 (Microsoft Corporation, 
USA), SPSS statistical version 22 software package (SPSS 
Inc., USA) and Minitab version 18).

RESULTS

Biochemical investigations
To test the liver function before and after quercetin 

administration, AST, ALT, albumin and cholesterol were 
assayed. The data showed no significant difference (p ≥ 
0.05) in the values of the liver AST, ALT, albumin and 
plasma cholesterol in 3 months old rats after quercetin 
administration. However, 30 months old rats exhibited 
significant (p ≤ 0.05) decline in the liver function as it 
showed decrease in the values of the liver AST (-30.67%) 
and albumin (-19.34%) while showed a significant (p ≤ 
0.05) increase in the levels of the liver ALT 27.89% and 
plasma cholesterol 76.03% in 30 months old control 
rats compared with 3 months rats. After quercetin 
administration, 30 months old rats showed a non-
significant change (p ≥ 0.05) compared with 3 months old 
rats (Fig. 1).

Fig. 1. Effect of quercetin on the levels of AST, ALT, 
Albumin and plasma cholesterol in the rats that had 3 
and 30 months old rats. Data are means ± SD with n=4, 
Different letters indicate significant differences among the 
columns (p ≤ 0.05).

The results showed that no significant differences (p 
≥ 0.05) were noticed in the levels of the liver SOD, CAT, 
GPx and MDA in the 3 months old rats after quercetin 
administration. Nevertheless, 30 months old rats showed 

significant decrease (p ≤ 0.05) in the liver SOD (-31.54%), 
(CAT -29.07%) and GPx (-51.46%) while showed a 
significant increase (p ≤ 0.05) in the liver MDA (205.95%) 
compared with 3 months old rats. After quercetin 
administration, 30 months old rats showed non-significant 
differences (p ≥ 0.05) in the liver SOD, CAT, GPx and 
MDA compared with 3 months old rats  (Fig. 2). 

Fig. 2. Effect of quercetin on the liver MDA, SOD, CAT, 
GPx in the rats that had 3 and 30 months old. Data are 
means ± SD with n=4, Different letters indicate significant 
differences among the columns (p ≤ 0.05).

Histological investigations
Observation of the liver sections of 3 months old rats 

before and after quercetin administration showed similar 
histological structures. The hepatocytes appeared with 
normal architecture in which their nuclei were vesicular 
and basophilic and their cytoplasm were eosinophilic (Fig. 
3A). However, marked cellular infiltration was recorded 
in the liver sections of the rats that had 30 months old. 
Most hepatocytes had small and dark nuclei. Vacuolated 
hepatocytes were appeared in which the vacuoles 
appeared with different sizes and shapes. Congestion 
of the central vein was noticed too (Fig. 3B, C). After 
quercetin administration, liver sections of the rats that had 
30 months old showed an improvement in the hepatocytes 
morphology. Most cells appeared were vesicular nucleis 
and their cytoplasm were eosinophilic. Vacuolated 
hepatocytes were rarely noticed. Moreover, mild cellular 
infiltration and moderate congestion of the central and 
portal veins were determined (Fig. 3D).

Immunohistochemical investigations
Observation of the liver sections of the 3 months old 

rats which were immunostained with either p53 or bax 
antibodies, before or after quercetin administration, showed 
almost similar patterns (Fig. 4A, B and Fig 5A, B). The 
percentage of the p53-positive area/ field were 0.56% and 
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0.4% and bax-positive area/field were 0.2% and 0.4% in 3 
months old rats before and after quercetin administration, 
respectively. The liver sections of the rats had 30 months 
old showed an increase in the immunoreactivity with both 
of p53 and bax antibodies (Fig. 4C and Fig. 5C). The 
percentages of the p53 and bax positive areas/ field were 
26.04% and 24.9%, respectively. Observation of the liver 
sections 30 months old rats after quercetin administration 
showed a decrease in the immunoreactivity with either p53 
and bax antibodies (Fig. 4). The percentages of the p53 and 
bax positive areas/ field were 0.6% and 0.9%, respectively.

 

Fig. 3. Effect of quercetin on liver of aged male rats. 
Histological structure of liver of 3 months old control 
rats (A), 3 months old treated liver (B), 30 months old 
saline treated rat (C) and 30 months old quercetin-treated 
rat (D). Note the vesicular nuclei (black arrows), cellular 
infiltration (**), dark nuclei (white arrow), vacuolated 
hepatocytes (black arrowhead) and congestion of the 
central vein (*). Stain: hematoxyline and eosin.

Fig. 4. Immunostaining of histological sections of livers of 
rats with p53 antibodies. A, 3 months old control rats B, 3 
months old quercetin-treated rats; C, 30 months old saline-
treated rats; D, 30 months old quercetin-treated rats. Note the 
rarity of p53 expressions in A and B then the increase in its 
expression in C (arrows) then the rare of its expression in D.

 
Fig. 5. IImmunostaining of histological sections of livers 
of rats with bax antibodies. A, 3 months old control rat; 
B, 3 months old quercetin-treated rats; C, 30 months old 
saline-treated rats; D, 30 months old quercetin-treated 
rats. Note the rarity of bax expressions (arrows) in A and 
B then the increase of its expression in C (arrows) then the 
decrease of its (arrows) expression in D.

DISCUSSION

The present study aimed to clarify the possible role 
of quercetin to minimize aging induced changes in the 
structure and function of the liver. The data indicated that 
30 months old rats displayed certain decline in the liver 
function as it showed a significant decrease in the values 
of the liver AST and albumin while showed a significant 
increase in the values of the liver ALT and plasma 
cholesterol. They also exhibited a significant decrease in 
the liver SOD, CAT and GPx activities while exhibited a 
significant increase in the liver MDA content. The current 
data together with other previous studies documented the 
decline in the liver functions with aging. The decrease 
of the ALT is a good biomarker with the increase of age 
(Le Couteur et al., 2010). Changes in the levels of the 
albumin, bilirubin, alkaline phosphatase, aminotransferase 
and cholesterol and neutral fat levels with aging were 
recorded previously (Tietz et al., 1992). They added that 
a decrease in the mass of the functional liver cells resulted 
in a decrease of the liver capacity to synthesis and detoxify 
and consequently reduced the bile, urea and albumin. 

Aged liver cells were more sensitive to oxidative 
stress and were transformed to apoptotic cells compared 
to younger rats. The imbalance in the oxidant-antioxidant 
system resulted in the incidence of the oxidative stress 
and accordingly accelerated the occurrence of the aging 
process (Schieber and Chandel, 2014). MDA, CAT and 
Gpx were the most important markers of the oxidative 
stress (Alm-Eldeen et al., 2015). Oxidative stress caused 
oxidative damage to the lipids of the cellular membranes, 
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proteins and DNA. The increase in the MDA level is 
considered an important biomarker of lipid peroxidation 
under the conditions of the oxidative stress (Zhong et 
al., 2009). SOD dismutases the toxic superoxide radical 
into less toxic hydrogen peroxide and GPx metabolizes 
hydrogen peroxide and lipid hydroperoxides (Dudek et 
al., 2001). The increase of the ROS production at aging 
was associated with changes in the liver functions and 
structures (Hagen, 2003). Generally, oxidative stress 
increases with aging (Stahl et al., 2018) and this might 
be the reason for alterations in the liver functions and 
structure in the present study. 

The present data showed that 30 months old rats 
showed vacuolated hepatocytes, cellular infiltration and 
congestion of the central vein. Moreover, an increase in 
the expressions of p53 and bax proteins was recorded. The 
present data was comparable with that of Iwaisako et al. 
(2012) who found that the incidence of the occurrence and 
the progression of the liver fibrosis was increased with 
aging. Acute or chronic damage caused the appearance 
of the connective tissues in the liver and consequently the 
fibrosis occurs. Poynard et al. (2001) found that fibrosis is 
an initial step which is followed by a distortion of the liver 
architecture and function. Zhu et al. (2007) worked on 
some apoptosis related genes and reported that p53 had a 
role in apoptosis and the cellular response to the oxidative 
stress. P53 enhances aging in activated p53 mutant mice 
(Gambino et al., 2013). As a compensatory way to reduce 
the genotoxic stress, Park et al. (2008) reported that p53 
imitates apoptosis. The decline in the p53 function may 
lead to aging and as a result induce apoptosis. Miyashita et 
al. (1994)recorded the regulation of Bcl2 and Bax by p53 
in vitro and in vivo. Roos and Kaina (2013) documented 
that the transcription of some pro-apoptotic genes such 
as bax gene is regulated and controllable by p53.

After quercetin administration, 30 months old 
rats showed an improvement in the liver architecture 
and also showed a non-significant change in the liver 
functions, SOD, CAT, GPx and MDA levels and p53 and 
bax percentages compared with 3 months old rats. Our 
results are consistent with Abdelhalim et al. (2018) who 
reported the ability of quercetin at a dose of 200 mg/kg/
day for seven consecutive days to protect rats liver from 
the acute injury via its antioxidant effects. Tieppo et al. 
(2007) showed that hepatic cells which were pretreated 
with quercetin at a dose of 20 mg/kg for 21 days displayed 
less damage when injected with ciprofloxacin. As a result, 
they concluded that quercetin has the ability to scavenge 
free-radicals and inhibit injury in hepatic tissues. Taslidere 
et al. (2016) reported that quercetin at a dose of 50 mg/
kg for 14 days could work against the oxidative stress and 
decrease the fibrosis in liver via its antioxidant activity. 

Lien et al. (1999) explained that quercetin may diffuse 
to the membranes and scavenge oxy radicals throughout 
the lipid bilayer. They also reported that quercetin’s 
pentahydroxyl flavones structure may chelate metal ions 
via the orthodihydroxy phenolic structure and as a result 
scavenge lipid alkoxyl and peroxyl radicals. Polat et al. 
(2006) reported that quercetin flavonoids administrated at a 
dose of 50 mg/kg for 3 days may cause indirect stimulation 
of detoxifying genes. Furthermore, Bao et al. (2017) 
reported the upregulation of bcl2 and the downregulation 
p53, bax and caspase 3 against oxidative stress-induced 
cytotoxicity in rat pheochromocytoma cells after treatment 
with quercetin. They speculated the ability of quercetin to 
inhibit H2O2which causes the increase in the production of 
ROS and to alleviate lipoperoxidation of cell membranes. 
As a result, the inhibition of the oxidative stress and the 
cell damage were prevented. Sharma et al. (2016) stated 
that quercetin could prevent the oxidative stress process 
that resulted from the induction of the aluminium in 
the rat hippocampus by reduced production of the ROS 
and increased SOD. As a result, Bcl-2 was upregulated 
and Bax, p53 and caspase-3 were upregulaed and DNA 
fragmentation was reduced. Therefore, the present 
results together with the previous studies demonstrate the 
possibility to use quercetin to minimize the deterioration 
that may occur in the liver functions and structures with 
aging after continuous exposure to the oxidative stress.

 In conclusion, 30 months old rats showed histological 
liver damage and decline in liver functions, the levels of 
SOD, CAT, GPx and MDA and the levels of p53 and bax. 
Quercetin administration at a dose of 200mg/kg each other 
day for 15 days improved the liver function and decreased 
the expression of pro-apoptotic proteins, p53 and bax and 
increased the antioxidant defense of the aged hepatocytes. 
Therefore, quercetin could be used as a modulator against 
the deterioration that may occur in the liver as a result of 
aging. 
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