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Abstract

Context: Quercetin, a dietary-derived flavonoid, is ubiquitous in fruits and vegetables and plays important roles in

human health by virtue of its antioxidant activity.

Objective: This study was conducted to investigate the possible modulatory effect of quercetin against hepatic
lipemic-oxidative injury in rats fed with a high cholesterol diet (HCD), and to highlight the underlying mechanisms

of such effect.

Materials and methods: Different groups of male Sprague-Dawley rats were used; one group was treated by gavage
with HCD cocktail (1 mL/100 g) whereas another group was orally administered HCD-enriched with quercetin (15 mg/

kg). Corresponding control animals were also used.

Results: Quercetin administration significantly decreased liver triglycerides (24%), liver total cholesterol (TC) (22%),
serum TC (20%), serum low-density lipoprotein cholesterol (31%), and duplicated serum high-density lipoprotein
cholesterol (HDL-C). This study also revealed that quercetin administration significantly reduced the activity of serum
alanine aminotransferase (41%), aspartate aminotransferase (51%), and y-glutamyl transpeptidase (G-GT) (35%).
Significant inhibition of thiobarbituric acid-reacting substances (40%), together with a valuable enhancement of
reduced glutathione (GSH) content (53%) in the liver homogenates, was observed. In addition, quercetin-treated
hypercholesterolemic animals exhibited a reasonable improvement of hepatic antioxidant enzymes. Moreover,
serum and liver content of nitric oxide (NO) were markedly decreased in this model (26 and 25%, respectively), and

were almost normalized following quercetin administration.

Discussion and conclusion: These data revealed that quercetin has the ability to ameliorate HCD-induced lipemic-
oxidative injury in rat liver possibly through its antioxidant potential and/or increased NO bioavailability.
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Introduction

The diet-induced hypercholesterolemia has often been
used to modify the normal lipid profile in order to study
hypercholesterolemia-related injuries in different body
organs. Liver plays a central role in the balance and metab-
olism of cholesterol, which is derived from endogenous
biosynthesis, chylomicron remnants, and lipoprotein frac-
tions, and so liver is the primary organ to be affected from
ingested excessive cholesterol and subsequent complica-
tions (Kumar et al., 2006; Amin & Abd El-Twab, 2009).
Hypercholesterolemia is  usually  associated
with an increased risk for the development and

progression of coronary artery disease and conse-
quently of ischemic heart disease (Prasad & Kalra, 1993).
Hypercholesterolemia is known to impair endothelial
functions that may include reduction of endothelial
nitric oxide (NO) production (Zou et al., 2003; Kim et al.,
2011). It has been reported that hypercholesterolemia
increased generation of oxygen free radicals, which con-
tributed to the deleterious effects on the organ tissues,
including blood vessels, liver, and kidney (Scheuer et al.,
2000; Zou et al., 2003).

Flavonoids are plant-based phenolic compounds, and
are reported to exhibit a wide variety of biological and
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pharmacological activities. Quercetin, the mostabundant
dietary member of this family, is present in substantial
amounts in fruits and vegetables and plays an important
role in human health by virtue of its antioxidant activity
and its ability to modify NO levels (Lopez-Revuelta et al.,
2006; Morales et al., 2006; Lee et al., 2011).

In the present study, we have conducted a model of
experimental hypercholesterolemia, in order to investi-
gate the ability of quercetin to restore the deteriorated
serum lipid profile, liver function tests, and lipid con-
tents. The antioxidant effect of quercetin on liver tissues
was characterized by estimating lipid peroxides, glutathi-
one content, and status of the endogenous antioxidant
enzymes. Furthermore, serum and liver tissue NO were
investigated. We, thus, aimed to evaluate the proposed
protective role of quercetin against high cholesterol diet
(HCD)-induced liver damage in a rat model and to high-
light the underlying mechanisms of such protection.

Materials and methods

Chemicals

Quercetin (3,5,7,3,4-penthydroxy flavone) was provided
as yellow powder from Sigma-Aldrich Corp (St. Louis,
MO). It was dissolved in a mixture of dimethyl sulfoxide
and distilled water (1:9 v/v). The HCD cocktail contained
100g cholesterol, 30 g propylthiouracil, and 100g cholic
acid in 1L of peanut oil (Fillios et al., 1956; Arafa, 2005).
All other chemicals used were of the highest available
commercial grade.

Animals

Thirty male Sprague-Dawely rats, weighing 160-180 g, were
obtained from the animal facility of the Faculty of Pharmacy
at Al-Azhar University, Cairo, Egypt. The animals were fed
a standard chow (El-Nasr Company, Abou-Zaabal, Cairo,
Egypt) with free access to water, and kept in wire-floored
cages under standard laboratory conditions at room tem-
perature (25+2°C), and a 12h light/dark cycle. The animal
experiments were conducted according to the guidelines
for the care and use of laboratory animals stated by College
of Pharmacy, Al-Azhar University, Cairo, Egypt.

Experimental design
Animals were divided equally into three groups, 10 ani-
mals each. The first group of animals received peanut
oil orally for 7 consecutive days prior to feeding with
high cholesterol diet cocktail (1mL/100g), for another
14 successive days (Fillios et al., 1956; Arafa, 2005). The
second group of rats was administered quercetin alone
for 7 consecutive days in a dose of 15 mg/kg (Vessal et al.,
2003; Coskun et al., 2005), then continued for the follow-
ing 14 days concomitantly with the high cholesterol diet
cocktail. Animals of the third group served as controls
and received peanut oil orally as a vehicle (1 mL/100g),
adapting the same route of administration and schedules
of treatments as in the first and second groups.

After the end of the specified period of the experiment,
fasting blood samples were obtained from abdominal

aorta under light ether anesthesia and used for determi-
nation of lipid profile, alanine aminotransferase (ALT),
aspartate aminotransferase (AST), G-GT, and NO. Finally,
the animals were sacrificed and the liver of each animal
was quickly dissected and rinsed in ice-cooled physi-
ological saline, then plotted between two filter papers and
transferred into pre-weighed vials to determine the wet
weight. Homogenization of each liver was carried out in
a suitable volume of ice-cold 0.15M potassium chloride
using a Potter-Elvehjem homogenizer. Different aliquots
of the liver homogenate were used for the determination
of triglycerides (TG), total cholesterol (TC), lipid peroxida-
tion, as thiobarbituric acid-reacting substances (TBARS),
reduced glutathione (GSH), and enzyme activities of cat-
alase and superoxide dismutase (SOD). The level of NO
was also determined in liver tissue homogenates.

Biochemical analysis

The method of Fossati and Prencipe (1982) was used to
determine TG. TC was assayed according to the method
of Roeschlau et al. (1974). HDL-C was determined fol-
lowing the method of Warnick et al. (1982). Low-density
lipoprotein cholesterol (LDL-C) was then calculated
according to the equation of Friedewald et al. (1972):
LDL-C=TC-HDL-C-TG/5. The transaminase activity
(AST and ALT) was determined according to the method
of Reitman and Frankel (1957). The activity of G-GT was
determined following the method described by Teitz
(1987). TG and TC of liver homogenate were determined
following the same methods as for serum determination
after lipid extraction. To extract lipids, aliquots of the liver
homogenate were extracted with chloroform-methanol
followed by separation and evaporation of the chloro-
form-methanol layer (Halim et al., 1997). Protein content
of the collected serum and tissue samples was measured
by the method of Lowry et al. (1951). Liver homogenate
was used for determination of lipid peroxides expressed
as TBARS (Mihara & Uchiyama, 1978), and GSH (Ellman,
1959). The enzyme activity of SOD (McCord & Fridovich,
1969) and catalase (Aebi, 1974) was also carried out in
the liver homogenates. Serum and tissue concentrations
of NO were measured as its stable metabolites, nitrate,
and nitrite. Nitrate was first reduced by nitrate reductase
to nitrite and then nitrite was determined spectrophoto-
metrically by the Griess reaction (Green et al., 1982).

Statistical analysis

Data are expressed as mean * standard deviation (SD)
for the groups. Data analysis was evaluated by one-way
ANOVA (analysis of variance) followed by Tukey-Kramer
test for multiple comparisons. A 0.05 level of probability
was used as the criterion for significance.

Results

Hypercholesterolemia-induced liver injury
The consequences of feeding male rats with HCD
resulted in significant amplification of both liver TG and
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TC (Table 1). HCD induced an observable increase in
serum TC whereas its effect on serum TG was not signifi-
cant when compared to the control rats (Figure 1). Serum
HDL-C was significantly reduced, accordingly most of
serum TC increase was carried on the atherogenic lipo-
protein particle, as LDL-C (Figure 1). HCD-fed animals
also revealed an elevation of serum ALT, AST, and G-GT
activities when compared to the control group (Figure 2).

Dietary flavonoid and hepatic lipemic-oxidative injury 1021

Liver tissues of HCD-fed rats showed significant increase
of TBARS levels (261%) (Figure 3) and significant decrease
of reduced glutathione content (42%) (Figure 4) com-
pared to the liver of vehicle-receiving animals. Besides,
hypercholesterolemic diet resulted in a significant inhi-
bition of the activities of antioxidant enzymes, catalase,
and superoxide dismutase (SOD), in liver homogenate
as compared to the control group (Table 2). Moreover,

Table 1. Effect of quercetin on liver triglycerides and cholesterol in rats fed with HCD.

Control HCD HCD + quercetin
Liver triglycerides (mg/g of tissue) 17.4+1.2 26.7+2.32 20.3+1.9*P
Liver cholesterol (mg/g of tissue) 9.3+0.72 14.4+0.89° 11.2+0.78%°
Values are expressed as mean + SD, n=10.
Multiple comparisons were achieved using one-way ANOVA followed by Tukey-Kramer as post-ANOVA test.
*bindicate significant change from control and HCD groups respectively, at p <0.05.
HCD, high cholesterol diet.
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Figure 1. Effect of quercetin on serum lipid profile in rats fed
with HCD. Data are presented as mean *+ SD, n=10. Multiple
comparisons were achieved using one-way ANOVA followed
by Tukey-Kramer as post-ANOVA test. a,b: indicate significant
change from control and HCD groups, respectively, at p<0.05.
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Figure 2. Effect of quercetin on the activities of serum ALT, AST
and G-GT in rats fed with HCD. Data are presented as mean + SD,
n=10. Multiple comparisons were achieved using one way ANOVA
followed by Tukey-Kramer as post-ANOVA test. a,b: indicate

significant change from control and HCD groups, respectively, at
p<0.05.

© 2012 Informa Healthcare USA, Inc.

Figure 3. Effect of quercetin on the level of lipid peroxides
(TBARS) in the liver of rats fed with HCD. Data are presented as
mean = SD, n=10. Multiple comparisons were achieved using
one way ANOVA followed by Tukey-Kramer as post-ANOVA test.
a,b: indicate significant change from control and HCD groups
respectively, at p<0.05.
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Figure 4. Effect of quercetin on reduced glutathione (GSH)
content in the liver of rats fed with HCD. Data are presented as
mean = SD, n=10. Multiple comparisons were achieved using
one-way ANOVA followed by Tukey-Kramer as post-ANOVA test.
a,b: indicate significant change from control and HCD groups,
respectively, at p<0.05.
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Table 2. Effect of quercetin on the activities of liver antioxidant enzymes in rats fed with HCD.

Control HCD HCD + quercetin
Catalase (mmoles of H,O, released/min/mg protein) 8.1+0.76 5.4+0.46% 7.3+0.72%P
SOD (U/mg protein) 31.1+2.8 18.8+1.2° 26.9+2.1*°

Values are expressed as mean + SD, n=10.

Multiple comparisons were achieved using one-way ANOVA followed by Tukey-Kramer as post-ANOVA test.
abindicate significant change from control and HCD groups respectively, at p<0.05.

HCD, high cholesterol diet.
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Figure 5. Effect of quercetin on the level of nitric oxide in serum
(A) and liver (B) in rats fed with HCD. Data are presented as
mean + SD, n=10. Multiple comparisons were achieved using
one-way ANOVA followed by Tukey-Kramer as post-ANOVA test.
a,b: indicate significant change from control and HCD groups,
respectively, at p<0.05.

HCD feeding significantly decreased both serum level
of nitrite (26%) (Figure 5A), and nitrite concentration of
liver homogenate (25%) (Figure 5B) when compared to
the control levels.

Effect of quercetin on hypercholesterolemia-induced
liver injury

Concomitant administration of quercetin with the
hypercholesterolemic diet significantly decreased the
high liver TG and TC by about 24 and 22%, respectively
(Table 1). Likewise, the high-serum TC and LDL-C were
obviously decreased by about 20 and 31%, respectively,
when compared to rats fed HCD alone (Figure 1).
Furthermore, serum HDL-C was almost duplicated

with regard to animals fed HCD alone (Figure 1).
Significant reduction was obtained in the activity of
serum ALT (41%), AST (51%), and G-GT (35%) in ani-
mals fed quercetin-admixed HCD when compared to
animals fed HCD alone (Figure 2). Quercetin treatment
resulted in a realistic reversal of the decrease in liver
SOD and catalase activity (Table 2). In addition, quer-
cetin administration significantly reduced the level of
liver TBARS while obviously increased liver total GSH
content (Figures 3 and 4). Ultimately, HCD-induced
decrease of serum level of nitrite and its liver tissue
content was almost normalized following quercetin
treatment (Figure 5A and B).

Discussion

Diet-induced hypercholesterolemia is the principal con-
tributor to the pathogenesis of myocardial and cerebral
infarction. Elevated plasma concentration of cholesterol,
especially of LDL, is recognized leading to the develop-
ment of atherosclerosis. Hypercholesterolemia resulted
from feeding HCD to the rats is brought about by the
abnormal lipoprotein metabolism, and is always use-
ful for the assessment of the protective effect of many
presumed hypolipidemic agents (Mahley & Holcombe,
1977; Ohta et al., 2003).

Results of the present study showed that HCD
induced a marked increase in the serum level of TC,
which is consistent with previous findings of Beynen
etal. (1987) and Monte and Jimenez (1993), whereas the
serum level of TG was not significantly elevated, which
is in contrast to Fungwe et al. (1992), who reported that
feeding rats with high concentration of cholesterol-
containing diet significantly increased plasma TG.
However, the findings of Kamada et al. (2005) and Lee
et al. (2011), who did not detect any change in serum
TG in neither normal nor diabetic rats fed with high fat
diet, coped with the current results. In the same time,
the findings of Fungwe et al. (1992) was similar to our
results in the context of increasing serum HDL-C and
decreasing LDL-C (Figure 1).

The quercetin-enriched diet exhibited a notable hypo-
lipidemic effect as evidenced by its modulating impact on
the serum lipid profile of rats. Quercetin lowered serum
TC and serum LDL-C whereas it duplicates the level of
serum HDL-C, which were significantly malformed,
following the hypercholesterolemic diet. No significant
effect was observed for serum TG concentrations follow-
ing administration of quercetin-enriched diet (Figure 1).

Pharmaceutical Biology



The lipid lowering effects of quercetin have reported
controversial data. Most studies have shown that quer-
cetin has no beneficial effect on the plasma lipid profile
(Yamamoto & Oue, 2006: Perez-Vizcaino & Duarte, 2010;
Egert et al., 2010; Zhao et al., 2011). In contrast, other
studies have reported that quercetin-rich supplementa-
tion reduces serum concentrations of TC and increases
serum concentrations of HDL-cholesterol (Igarashi &
Ohmuma, 1995; Kamada et al., 2005; Gnoni et al., 2009;
Leeetal., 2011), which cope with the results of the present
study. Several explanations were suggested of how quer-
cetin is able to influence serum lipid profile. Igarashi and
Ohmuma (1995) stated that quercetin decreases serum
and liver TC level in rats through increasing its fecal
excretion. It was also reported that quercetin reduces
de novo synthesis of fatty acids and consequently cho-
lesterol biosynthesis and lipoproteins formation (Gnoni
etal., 2009).

Liver is one of the most common organs affected by
hyperlipidemia, as it plays a central role in the synthesis
and metabolism of lipids. Hyperlipidemia led to a rise in
the generation of reactive oxygen species (ROS), leading
to an increased oxidant stress. It has been reported that
oxidants and oxidative modifications do play a major
role in permanent tissue damage (Scheuer et al., 2000;
Kajikawa et al., 2011). The activities of serum AST, ALT,
and G-GT have been increased in animals maintained
on HCD compared to control animals (Figure 2), which
may be attributed to hyperlipidemia that resulted in liver
tissue injury (Amin & Abd El-Twab, 2009). This study
also revealed that HCD caused a marked increase in the
liver TG and cholesterol contents (Table 1). The marked
deposition of TG in the rat liver was explained by increas-
ing the rate of hepatic lipogenesis, concomitantly with
the ability of ROS to block its secretion into the plasma
(Ferreira Ede et al., 2011). It has also been suggested
that high contents of liver cholesterol is due to disturbed
catabolism of cholesterol into bile acids (Halim et al.,
1997). Results of the present study revealed a significant
increase in TBARS generation (Figure 3), accompanied by
a significant decrease in the level of GSH (Figure 4), SOD,
and catalase enzyme activities (Table 2), which indicate
the ability of HCD to modulate liver oxidative status, and
support the notion suggesting that hyperlipidemia is able
to modulate liver functions through increasing oxidative
stress (Kumar et al., 2006; Yang et al., 2008; Nepal et al.,
2011). Administration of quercetin significantly alleviates
HCD-induced oxidative damage. Quercetin is a strong
oxygen radical scavenger and also a good metal chelator.
The antioxidant and free radical scavenging activities of
quercetin have been primarily attributed to its flavonoid
fraction. Flavonoids prevent the oxidative injury and cell
death through scavenging of oxygen radicals protecting
against lipid peroxidation (Coskun et al., 2005; Lopez-
Revuelta et al., 2006; Sithisarn et al., 2006).

Moreover, the present study demonstrated that serum
and hepatic NO concentration decreased significantly
in HCD-fed rats (Figure 5A and B), which have been

© 2012 Informa Healthcare USA, Inc.
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interpreted that lower concentration of NO plays an
important role in the pathogenesis of HCD-induced
hepatic injury. Similar results were reported by Hu et al.
(2008), Korou etal. (2010), and Eccleston et al. (2011). The
production of oxygen radicals may cause a progressive
NO decline by increasing its degradation that will lead
to deficient endothelium-dependent responses (Barua
etal., 2003; Amin & Abd El-Twab, 2009). Besides, hyperc-
holesterolemiaisknowntobeassociated withanimpaired
endothelial NO production and consequent alteration in
endothelial nitric oxide synthase (eNOS) abundance and
activity (Feron et al., 1999). Our study revealed that quer-
cetin significantly increased NO levels in both serum and
liver tissues of HCD-fed rats. Quercetin administration
was proved to induce the eNOS expression, increasing
the NO level that is important to maintain hepatocyte
proliferation (Vicente-Sanchez et al., 2008; Inukai et al.,
2010). Furthermore, Romero et al. (2010) observed that
quercetin enhanced the formation of NO through inhibi-
tion of eNOS phosphorylation.

In conclusion, results of the present study revealed
that quercetin had obviously a hypocholesterolemic
effect and indicate that administration of quercetin
exerts a hepatoprotective effect against lipemic-oxida-
tive injury induced by HCD in rats, possibly through
prevention of oxidative damage to liver through its
direct antioxidant effect. In addition, quercetin restored
both serum and liver levels of NO in HCD-fed rats that
could be through participation in the regulation of NO
production. Additional study on human subjects is
needed to shed some light on the possibility to make
use of quercetin as a part of hepatoprotective strategies
against hyperlipidemia associated with bad nutritional
habits.
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