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Abstract 

Quercetin (QUR) is a polyphenolic phytochemical flavonoid, it is a strong reactive oxygen species (ROS) 
scavenger and good metal chelator, rich in phenolic hydroxyl groups that have strong antioxidant activity. For 
the present study, the strong antioxidant activity of QUR on several biochemical parameters in blood and liver of 
male rats exposed to high fat diet (HFD) induced non alcoholic steatohepatitis (NASH), were investigated. Sixty 
white male albino rats weighting 150 - 200 gm were used in this study. The rats were divided into four equal 
groups. 1) Normal group: received no drugs. 2) NASH group: received HFD daily for 12 weeks. 3) NASH + 
Quercetin  group: received HFD daily for 3 months then QUR treatment (50 mg/kg body weight) through 
intraperitoneal route (i.p) daily for 10 weeks after induction of NASH. Blood and liver samples were collected 
from all animal groups two times, after the 6th and 10th week of treatment period. Serum was separated for 
determination of serum Alanine Aminotransferase (ALT), Aspartate Aminotransferase (AST), Alkaline 
Phosphatase (ALP) and Gamma Glutamyl-Transferase (γ-GT) activities and Albumin, Total Protein, Total 
Bilirubin, Total Cholesterol and triglycerides concentrations. Levels of reduced glutathione (GSH) and activities 
of Superoxide Dismutase (SOD) and Catalase (CAT), were determined in liver tissues. Extent of oxidative stress 
was also assessed by hepatic lipid peroxides (MDA). The obtained results revealed that, HFD supplementation 
exhibited a significant increase in: 1) serum ALT, AST, ALP and γ-GT activities, in addition to Total Bilirubin, 
Total Cholesterol and triglycerides concentrations. 2) Liver MDA concentration. QUR administration in NASH 
rats exhibited a significant increase in all mentioned parameters. On contrast, HFD supplementation exhibited a 
significant decrease in serum Albumin and Total Protein, also marked depletion in liver GSH, CAT and SOD, 
were observed. QUR administration in NASH rats exhibited significant increase in all mentioned parameters. 
From the obtained results, it could be concluded that, the potential of QUR as natural antioxidant act as a 
powerful agent against the harmful effects of NASH. 
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1. Introduction 

Nonalcoholic fatty liver disease (NAFLD) 
represents a spectrum of liver diseases that occur in 
individuals who do not consume a significant 
amount of alcohol, extending from pure fatty liver 
through nonalcoholic steatohepatitis (NASH) to 
cirrhosis and hepatocarcinoma [1]. NAFLD has 
emerged as a worldwide common problem that 
represents the most frequent histological finding in 
individuals with abnormal liver tests in the Western 
countries [2]. 

Non-alcoholic steatohepatitis is a pathological 
condition characterized by accumulation of lipids in 
the liver of non-alcoholic individuals and 
consequent oxidative stress leading to cirrhosis of 
liver in the long run [3]. It has received clinical 
importance only recently after a long lag phase of 
ignorance mainly due to its asymptotic nature, lack 
of relevant diagnostic tests and erroneous mis-
interpretation with hepatitis [4]. 

Although the pathogenesis of NAFLD remains 
undefined, the so called ‘two hits’ model of 
pathogenesis has been proposed [5]. Whereas the 
‘first hit’ involves the accumulation of fat in the 
liver, the ‘second hit’ involves oxidative stress, 
resulting in inflammation, stellate cell activation 
and fibrogenesis [6].  

On the other hand, NASH is a more advanced 
stage of NAFLD, since the chances of developing 
more serious diseases such as cirrhosis, 
hepatocellular carcinoma(HCC), and cardiovascular 
diseases increase in patients with NASH [7]. 

Mitochondrial dysfunction might play a crucial 
role in the induction of both ‘hits’, because 
mitochondria are involved in the β-oxidation of free 
fatty acids, and are the most important source of 
reactive oxygen species (ROS) [1]. 

Quercetin (3,3',4',5,7-pentahydroxy flavones) is 
a flavonoid antioxidant derived from flavonol 
subclass which is present in plants and plant food 
sources [8]. QUR and its derivatives have been 
promoted in several studies as potent antioxidants 
[9]. It is rich in phenolic hydroxyl groups that have 
strong antioxidant activity [10]. In addition, QUR 
possesses a number of pharmacological activities 
including antioxidant, anticancer, antimicrobial, 
and antiviral [11]. In recent studies, QUR was 
reported to protect against drug-induced 
genotoxicity, hepatotoxicity, nephrotoxicity, lung 
injury, and oxidative stress in vivo [12]. Also it has 
been used to treat hepatotoxicity, liver fibrosis, and 
many diseases [13]. 
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Quercetin can also reduce inflammation by 
scavenging free radicals. Free radicals can activate 
transcription factors that generate pro-inflammatory 
cytokines, which are often found elevated in 
patients that suffer from chronic inflammatory 
diseases [14]. 

High concentrations of QUR are found in 
apples, onions, potatoes, broccoli, tea, soybeans, 
and red wine. QUR has very potent antioxidant and 
cytoprotective effects in preventing endothelial 
apoptosis caused by oxidants [15].  
 
 

2. Materials and methods  
2.1 Composition of high fat diet 

Formulated according to [16]. Table (1) 
 

2.2 Chemicals 
Quercetin (purity ~95%) was manufactured in 

Sigma Chemical Co. (St. Louis, Mo, USA) and 
purchased from Schnelldorf, Germany through the 
Egyptian International Center for Import Cairo, 
Egypt. It is characterized by high solubility in 
DMSO (68 mg/ml). All other chemicals were of 
analytical grade and were obtained from standard 
commercial suppliers.  

 
Table (1) Composition of high fat diet (For induction of NASH) 

Composition High fat diet (g/kg) Composition High fat diet (g/kg) 

Casein 200 Corn starch  275 
Saturated fat 200 Sucrose  80 
Corn oil 150 Dextrin  50 
Cholesterol 3 Fructose  5 
Amino acids 5 NaCl  5 
Vitamins 10 Cellulose  5 
Moisture 12   

 
 

2.3 Experimental animals 
A total number of 60 Male albino rats, 8-10 

weeks old and average body weight 150-200 gm 
were used in the experimental investigation of this 
study, and obtained from the Laboratory Animals 
Research Center, Fac. Vet. Med., Benha University, 
Rats were housed in separated metal cages, exposed 
to good ventilation, humidity and to a 12-hr light-
dark cycle, and provided with a constant supply of 
standard pellet diet and clean drinking water ad 
libitum. 
 
2.4 Preparation and administration of dosage  

Quercetin was freshly prepared in DMSO, and 
administered to rats at a dose of (50 mg/kg body 
wt.) through intraperitoneal route (i.p) between 7 
and 8 a.m. daily for 10 weeks as a treatment after 
induction of NASH for 12 weeks.  
 
2.5 Experimental design  

Rats were randomly divided into three main 
groups (n=20/group) , placed in individual cages 
and classified as following: (Group 1): served as 
control normal group (20 rats); (Group 2): served as 
induced NASH group (20 rats) fed on high fat diet 
for 3 months; (Group 3): served as NASH + 
Quercetin treated group (20 rats) fed on high fat 
diet for 3 months for induction of NASH followed 
by administration with quercetin (50 mg/kg body 
weight) intraperitoneally, between 7 and 8 a.m. 
daily for 10 weeks as a treatment.  
 
 
 

2.6 Sampling 
A. Blood samples 

Blood samples were collected from retro-
arbitral plexus, from all animal groups twice at 6th 
and 10th week of treatment period. rats were fasted 
overnight and Blood samples were collected in dry, 
clean, screw capped tubes and allowed to clot for 
30 min and serum was separated by centrifugation 
at 3000 rpm for 15 min at 4 ºc. The serum was 
separated by automatic pipette and received in dry 
sterile tubes, kept in a deep freezer at -20 ºc until 
used for subsequent biochemical analysis. 
 
B. Liver specimens  

Rats were killed by decapitation. The liver 
specimens quickly removed, cleaned by rinsing 
with cold saline and stored at -20°C. Briefly, liver 
tissues were minced into small pieces, 
homogenized in normal saline 0.9%. The 
homogenates were centrifuged at 10,000 for 15 
minute at 4°C. The supernatant was used for 
estimation of L-MDA, GSH concentration and 
CAT, SOD activity. 
 
2.7 Determination of key liver function 
biochemical markers  

ALT and AST [17], [18], ALP [19], γ-GT [20], 
Total bilirubin [21], Albumin [22], Total Protein 
[23], Total cholesterol [24], Triacylglycerols [25].  
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2.8 Determination of key oxidative stress 
markers 

GSH [26], MDA [27], CAT [28], SOD [29], 
were determined according to the methods 
described previously. 
 
2.9 Statistical analysis  

The results were expressed as mean (±S.E.) and 
statistical significance was evaluated by one way 
ANOVA using SPSS (version 10.0) program 
followed by the post hoc test, least significant 
difference (LSD). Values were considered 
statistically significant when p < 0.05. 
 
3. Results 

The obtained data in table (2) revealed a 
significant increase in ALT, AST, ALP and γ-GT 
activities, in addition to levels of Total Bilirubin, 
Total Cholesterol and triacylglycerols in HFD 
induced NASH group, accompanied with 

significant decrease in Albumin and Total protein 
levels, when compared with control normal group. 
Administration of Quercetin as treatment to HFD 
induced NASH group, resulted in significant 
decreases in ALT, AST, ALP and γ-GT activities, 
in addition to levels of Total Bilirubin, Total 
Cholesterol and triglycerides, accompanied with 
significant increases in Albumin and Total protein 
levels, in comparison with NASH group. 
The obtained data in table (3) revealed that, 
supplementation of HFD to normal rats exhibited a 
significant increase in L-MDA level and significant 
decreases in GSH level, CAT and SOD activities in 
liver of HFD induced NASH group, when 
compared with control normal group. Quercetin 
administration to NASH rats resulted in significant 
decrease in L-MDA level and significant increases 
in GSH level, CAT and SOD activities in its liver, 
when compared with NASH group 

 
Table (2) The ameliorating role of Quercetin on blood biochemical parameters in experimental model of NASH 

in male rats. 
 Animal 

groups 
ALT 
U/L 

AST 
U/L 

ALP 
U/L 

γ-GT 
U/L 

Bilirubin 
(mg/dl) 

Albumin 
(g/dl) 

Protein 
(g/dl) 

T. Chol 
(mg/dl) 

TAG 
(mg/dl) 

Control  
normal 

40.57 
± 

1.46c 

119.28 
± 

1.92c 

194.85 
± 

2.46c 

2.01 
± 

0.10c 

0.39 
± 

1.67c 

3.78 
± 

5.83a 

7.27 
± 

0.13a 

72.14 
± 

2.84c 

59.03 
± 

2.20c 

NASH 
215.14 

± 
5.85a 

355.28 
± 

8.41a 

454.42 
± 

8.36a 

7.60 
± 

0.28a 

1.35 
± 

5.24a 

2.15 
± 

7.36c 

4.42 
± 

0.12c 

349.85 
± 

5.97a 

402.85 
± 

6.15a 

After 
6th 

week 

NASH+ 
Quercetin 

130.14 
± 

3.12b 

192.67 
± 

3.45b 

352.14 
± 

4.54b 

5.36 
± 

0.25b 

0.83 
± 

3.97b 

2.93 
± 

4.01b 

5.43 
± 

0.28b 

182.11 
± 

4.09b 

154.85 
± 

4.47b 

Control  
normal 

48.34 
± 

1.54c 

136.08 
± 

1.79c 

213.85 
± 

2.97c 

2.51 
± 

0.15c 

0.45 
± 

2.26c 

3.61 
± 

3.48a 

6.98 
± 

0.12a 

79.18 
± 

2.61c 

66.85 
± 

2.09c 

NASH 
257.00 

± 
4.75a 

377.42 
± 

3.61a 

467.42 
± 

7.38a 

8.66 
± 

0.29a 

1.62 
± 

6.02a 

1.92 
± 

5.97c 

3.99 
± 

0.13c 

377.57 
± 

4.43a 

443.42 
± 

4.60a 

After 
10th 

week 

NASH+ 
Quercetin 

121.57 
± 

3.13b 

179.26 
± 

3.89b 

317.71 
± 

4.12b 

4.69 
± 

0.24b 

0.71 
± 

3.50b 

3.08 
± 

4.22b 

6.05 
± 

0.24b 

164.47 
± 

3.46b 

136.18 
± 

3.65b 
 

Data shown are mean ± standard deviation of number of observations within each treatment. Mean values with different 
superscript letters in the same column are significantly different at (P<0.05).Small letters are used for comparison between 
the means within the column. 
 
Table (3) The ameliorating role of Quercetin on liver antioxidant parameters in experimental model of NASH in 

male rats. 
 L-MDA 

(nmol/g. tissue) 
GSH 

(mg/g. tissue) 
Catalase 

(U/g. tissue) 
SOD 

(U/g. tissue) 
Animal  
groups 

6th  
week 

10th  
week 

6th  
week 

10th  
week 

6th  
week 

10th  
week 

6th 
week 

10th  
week 

Control  
normal 

64.80  
± 2.75c 

67.48  
± 2.35c 

96.55  
± 3.46a 

93.31  
± 3.44a 

65.57  
± 3.07a 

62.28  
± 1.97c 

455.14  
± 9.82a 

434.58  
± 7.79a 

NASH 174.58  
± 3.42a 

186.29  
± 3.36a 

35.35  
± 2.13c 

31.23  
± 2.07c 

27.14  
± 1.79c 

23.42  
± 1.67a 

188.47  
± 4.05c 

171.25  
± 3.91c 

NASH + 
Quercetin 

115.89  
± 3.72b 

93.40  
± 3.60b 

61.42  
± 3.35b 

69.09  
± 2.80b 

38.29  
± 2.94b 

43.63  
± 2.89b 

331.54  
± 5.47b 

348.85  
± 3.68b 

Data shown are mean ± standard deviation of number of observations within each treatment. Mean values with different 
superscript letters in the same column are significantly different at (P<0.05).Small letters are used for comparison between 
the means within the column. 
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Discussion 
The purpose of the present study was to 

evaluate the effects of QUR on the inhibition of 
HFD-induced steatohepatitis in rats as well as to 
assess the action of this antioxidant on hepatic 
oxidative stress and hepatocellular injury. 

Experimental diets represent a useful tool in 
research because they deliver quick results for the 
study of disease progression. Because they allow a 
better understanding of the physiopathology and 
mechanisms involved in the transition from 
steatosis to NASH [30], experimental models of 
NASH are of paramount importance in testing the 
effectiveness of various available drugs for 
treatment. 

In this work, a pharmacological dose of QUR 
was tested, which deserves further investigation 
into its potential for clinical use. Here, it was 
observed that QUR inhibited the development of 
NASH by a significant reduction in AST and ALT, 
AST, ALP, γ-GT, lipid peroxidation and 
inflammation. 

Increased lipid peroxidation has been 
demonstrated in animal models of fatty liver with 
NASH. Free fatty acids (FFAs) are the likely source 
of oxidative stress within the liver in this case. 
NASH group have increased lipolysis and increased 
delivery of FFAs to the liver. The products of FFA 
oxidation (hydrogen peroxide, superoxide, and lipid 
peroxides) are capable of generating oxidative 
stress and subsequent lipid peroxidation [16]. 

Evidence of lipid peroxidation in the form of 
increased MDA production, a marker of oxidative 
stress, has been noted in previous studies and serum 
levels of MDA have been correlated with the 
severity of chronic hepatitis [31]. In the present 
study, liver MDA levels were significantly 
increased in experimental NASH, indicating 
increased oxidative stress. The defense against free 
radical-mediated injury includes enzymatic 
deactivation and direct reaction with free radicals 
[32]. However, QUR is a flavonoid known for its 
ability to give hydrogen atom to free radicals, 
decreasing the production of hydroxyl radical. This 
flavonoid can also modulate a wide range of 
mammalian enzyme activities, such as cytochrome 
P450 and several antioxidant enzymes [33]. 

In addition, quercetin significantly protected the 
membrane lipid peroxidation and protein oxidation 
subjected to oxidative stress, as evidenced by a 
decrease in the MDA level and protein carbonyl 
content. Also, the antioxidant activity may also be 
attributed to isoquercitrin which decreased the 
oxidative stress markers, such as levels of ROS, 
protein carbonylation and lipid peroxidation, and 
inducing the superoxide dismutase activity in order 
to increase survival of cells and leading to 
protection of the cells [34]. 

Cellular studies have shown that QUR can 
generate both antioxidant and pro-oxidant effects 

according to its concentration [35]. It has been 
proposed that cellular oxidative balance and GSH 
(Glutathione) content play a crucial role in these 
effects. GSH is a tripeptide consisting of glutamate, 
cysteine, and glycine, and the antioxidant and 
conjugation properties of GSH are derived from the 
sulfhydryl moiety of the cysteine deposit. GSH is 
able to directly hunt down the cellular ROS in a 
non-enzymatic manner and is also able to function 
as a co-factor for GSH peroxidase (GPx) in the 
reduction of H2O2 and other peroxide types. GSH 
can also be employed in reactions involving 
disulphide exchanges to form mixed protein-
glutathione disulphides, and the direct post-
translational conversion of proteins via the 
glutathionylation of the protein sulfhydryl groups is 
being recognized as a significant signal 
transduction mechanism for controlling various 
cellular processes [36]. 

QUR raises the production of γ-
glutamylcysteinesynthetase (GCS), which is a rate 
limiting enzyme, in the synthesis of the vital 
endogenous cellular antioxidant, GSH, which is 
needed for various cell functions and delivers bio-
reducing equivalents for numerous cellular 
reactions [33]. 

QUR can reduce inflammation by scavenging 
free radicals. Free radicals can activate transcription 
factors that generate pro-inflammatory cytokines, 
which are often found elevated in patients that 
suffer from chronic inflammatory diseases [14]. 

SOD, the first line of defense against oxygen 
derived free radicals, converts superoxide anion 
into H2O2, forming as neutral products O2 and 
H2O. GSH-Px catalyses reductive destruction of 
hydrogen and lipid hydroperoxides, using 
glutathione as an electron donor [37]. The balance 
between oxidative stress and antioxidant defense 
mechanisms may be impaired by depletion of 
enzymatic antioxidants and decreased serum levels 
of MDA and NO in patients with NASH.  

In response to oxidative stress, there is usually 
an increased synthesis of antioxidants and ROS 
scavengers. However, changes in the activities of 
the liver antioxidant enzymes and their 
relationships to oxidative stress have inadequately 
been studied in patients with NASH [16]. 

The body protects itself from oxygen free 
radical toxicity by enzymatic antioxidant 
mechanisms (e.g. glutathione peroxidase (GSH-Px), 
glutathione reductase (GR), superoxide dismutase 
(SOD), and catalase) and by non-enzymatic 
antioxidants [38]. The emerging ROS in NASH 
condition are successfully neutralized by a cell 
through both antioxidant enzyme systems such as 
SOD GPx, CAT and low molecular compounds 
such as glutathione, melatonin and others [39]. 

The present study demonstrated that failure of 
antioxidant defense mechanisms against oxidative 
stress may be an important factor in the 
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pathogenesis of NASH. Decreased glutathione 
levels have been reported in NASH patients [40]. 
Therefore, patients with NASH have an impaired 
ability to produce sufficient antioxidants. This may 
be related to the recently observed decrease in three 
genes involved in ROS sequestration (Cu/Zn 
superoxide dismutase, glutathione peroxidase, and 
catalase) in cirrhosis secondary to NASH. GST has 
an important role in antioxidant defense system at 
the cellular level and is a valuable marker of 
oxidative stress in NASH [41]. 

The antioxidant properties of QUR have been 
investigated quite extensively, and there is evidence 
that they involve direct [42] scavenging of radicals 
as well as indirect activation of transcription factors 
that regulate the expression of genes encoding for 
antioxidant enzymes, including CAT and SOD [43]. 
In our study, we observed a significant decrease in 
the enzymes CAT and SOD, in the NASH groups; 
this can be explained by an attempt to reduce ROS 
generated by the systemic consumption of CAT. 

The antioxidant and hepatoprotective activities 
of the flavonoid quercetin can ameliorate acute 
liver damage by acting as scavengers of free 
radicals, inhibiting the inflammatory response, 
manifested by a decreased deposition of fats in liver 
cells; thereby it protects liver cells from fibrosis and 
reduces plasma concentration of ALT thus exerting 
high antioxidant and anti-inflammatory activities 
and antifibrotic action and may be partially 
responsible for beneficial effects observed in 
injured liver tissue [34]. 

The predominance of QUR in preventing both 
metal and non-metal-induced oxidative damage is 
partly attributed to its free 3-OH substituent which 
is believed to increase the stability of the flavonoid 
radical. The catechol group is also directly 
connected to the chelating action of QUR, as has 
been proven by various studies in which quercetin 
suppresses lipid peroxidation by the scavenging 
action of its free radical [44]. 
 
Conclusion 

From the obtained results, it could be concluded 
that, NASH induced by HFD extensively alters and 
induced disturbances in enzymatic and non-
enzymatic antioxidant system in liver tissue of rats. 
However, quercetin administration as a natural 
antioxidant efficiently protects liver from 
deleterious effect of oxidative stress induced by 
NASH. We recommended that, we can take 
advantage of the great therapeutic effects of 
quercetin by its administration for patients suffering 
from NASH. 
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