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ABSTRACT 
 
Aims: To explore protective role of the antioxidant flavonoid quercetin (QE) towards 
experimentally-induced atherosclerosis in rats. 
Study Design and Methodology: This study was carried out during Feb. 2014. 
Experimental atherosclerosis in rats was induced through oral intake of the coconut oil 
enriched diet (15%) and cholesterol (2%) for successive 30 days. QE (15 mg kg

−1 
day) 

was injected intraperitoneally (i.p.) for three consecutive days before cholesterol intake for 
30 days. 
Results: The triglycerides, total cholesterol, LDL-C, HDL-C, VLDL-C and LDL/HDL ratio 
levels in plasma were estimated in hypercholesterolemic (HC) rats. Glutathione-S-
transferase enzyme level in plasma and liver homogenate were unchanged in all rats. 
Superoxide dismutase, glutathione peroxidase and catalase activities, were measured in 
rat liver homogenate. Serum and liver lipid peroxides were determined. HC induced 
significant elevation in lipid profiles and lipid peroxides and decreased antioxidant 
enzymes activities. Serum and liver TBARS were significantly increased. The antioxidant 
enzymes were decreased significantly in HC rats. QE treatment significantly decreased 
lipid profiles and elevated the antioxidant enzymes. 
Conclusion: QE intake protect against HC, by reducing lipid peroxides and elevating 
antioxidant enzymes levels. Data revealed that, QE could protect against atherosclerosis 
by decreasing the oxidative stress state.  
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1. INTRODUCTION 
 
It was reported that, the antioxidant potential of flavonoids might decrease the incidence of 
cardiac diseases [1]. Many foods, including vegetables, tea, fruits and wine, contains 
flavonoids [2,3], that have been recognized to guards against inflammation, allergy, bacteria, 
viruses and cancer [4]. Quercetin (QE) (3,3′,4′,5,6 pentahydroxyflavone), is a flavonoid that 
decline cell death and oxidant injury through scavenging oxygen free radicals and chelating 
metal ions to protect against lipid peroxidation. So that, interest has recently grown towards 
ambient use of antioxidants of natural origin to minimize oxidative damage in diseases with 
elevated oxidative stress state [5-8]. 

 
Hypercholesterolemia (HC) characterized by high plasma LDL-C as an important risk factor 
of atherosclerosis, that associated with free radicals production and initiating atherogenesis 
through several enzyme systems, such as nitric oxide synthase, NADP oxidases and 
xanthine oxidase. HC can lead to elevation of free radical production and subsequently, 
increase lipid peroxides [9]. 

 
The current work was performed to investigate and gain insight QE effects to protect 
experimentally-induced HC in male rats. 

 

2. MATERIALS AND METHODS  

 
2.1 Chemicals 
 
The chemicals were supplied from Sigma-Aldrich company (USA) and Acros company 
(Belgium). 

 

2.2 Treatment of Rats and Animal Dosing 

 
The current study was conducted during Feb. 2014 and approved by local Medical Ethics 
Committee. Thirty normal Wistar albino male rats (200–250g), were used. They were placed  
in polycarbonate standard cages and dieted with rat standard pellets(purchased from Lab 
Diet Co., USA).The tap water was ad libitum. Animals were randomly classified into 3 
experimental groups (n=10): I (control), II (HC) and III (QE-treated). In groups II and III, HC 
was induced by feeding rats for 30 days HC diet (15% coconut oil and 2% cholesterol) [10]. 
Group III received QE that freshly dissolved in of 60% ethanol (0.5ml) and injected i.p. for 3 
successive days prior to HC diet intake for 30 days. The dose of QE was chosen according 
to a previous study [11]. 

 

2.3 Biochemical Parameters 
 
Rats were fasted for 12 hours at the end of the experiment, followed by scarification under 
halothane anaesthesia. Liver was excised and washed with saline followed by 
homogenization in phosphate buffer saline (PBS) buffer using the Bullet Blender 
homogenizer (purchased from Next Advance Inc., USA) to obtain the rat liver homogenate 
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supernatant that was used to measure levels of glutathione peroxidase (GSHPx), superoxide 
dismutase (SOD) and catalase (CAT). Blood samples collected to analyze lipid profiles. 
Plasma total cholesterol, LDL-C, HDL-C, VLDL-C and triglycerides were assayed using 
commercial kits purchased from Boehringer Mannheim Company (Germany). LDL/HDL ratio 
was calculated. Lipid peroxides and glutathione-S-transferase (GST) levels were estimated 
in both plasma and liver homogenate. 

 

2.4 Lipid Peroxides Estimation 
 
Lipid peroxidation (nmol thiobarbituric acid reactive substance (TBARS)/ml for plasma and 
nmol TBARS/g protein) was estimated by measuring plasma and liver TBARS levels. Each 
sample was added to 0.8% thiobarbituric acid (1.5 ml), 8% sodium dodecyl sulphate (0.2 ml), 
20% acetic acid pH 3.5 (1.5 ml), and dist. H2O (1 ml). The mixture heated for 60 min at 95ºC. 
After cooling, dist. H2O (1 ml) and 15:1 n-butanol/pyridine (5 ml) added followed by shaking 
samples vigorously and centrifugation at 8000 rpm for 10 min. Absorbance of organic layer 
at 532 nm was recorded spectrophotometrically. TBARS standard calibration curve was 
used to calculate lipid peroxides [12]. Protein was estimated using serum bovine albumin as 
a standard [13]. 

 

2.5 Glutathione-S-transferase Enzyme Estimation 
 
The glutathione-S-transferase (GST) activity as mol/min/mg protein or mol/hr was 
determined using aromatic substrate (1-cholro-2,4-dinitrobenzene) and recorded the 
absorbance change attributed tothioester bond formation using spectrophotometer at 360 
nm. A 1U GST is required to form 1 mol of thioester/min [14] 
 

2.6 Measurement of Glutathione Peroxidase Enzyme 

 
Glutathione peroxidase (GSHPx) activity as U/mg protein was determined 
spectrophotometrically via measuring NADPH oxidation rate at 340 nm using H2O2 
substrate.  

 

2.7 Superoxide Dismutase Enzyme Estimation 
 
Superoxide dismutase (SOD) activity of liver tissue as U/mg protein was analyzed using nitro 
blue tetrazolium as a substrate and phenazine methosulphate to produce a coloured 
conjugate that measured at 560nm using spectrophotometer [16]. 

 

2.8 Catalase Enzyme Estimation 
 
Catalase (CAT) activity of liver tissue as U/mg protein was measured using H2O2 as 
substrate that can be degraded by CAT enzyme. A 1U of CAT is the amount needed to 
degrade 1 nmol H2O2/ min [17]. 
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2.9 Statistical Analysis 
 
Data in this study presented as mean±S.E. Data were manipulated using GraphPad Prism 
software V.5 (USA) to compare populations using the Paired t-test. A 0.01 probability level 
was used to test for significance. 

  

3. RESULTS 
 
Plasma lipid profile was significantly changed upon feeding atherogenic diet to rats. Feeding 
using atherogenic diet for 30 days induced HC in experimental rats (Table 1); P<0.01. A 2.5 
folds significant elevation of triglycerides and cholesterol levels in rats dieted with 
atherogenic diet as compared to normal control. Plasma total cholesterol increment was due 
to 4 folds LDL-C increase and 17% HDL-C elevation (Table 1); P<0.01. Plasma lipid profile 
was improved significantly after QE administration to HC rats. Treatment of HC rats with QE 
(15 mgkg

−1
day, i.p. for 3 successive days) before intake of cholesterol-containing diet orally 

for 30 days, significantly decreased triglycerides, total cholesterol, LDL-C, HDL-C, VLDL-C 
and LDL/HDL ratio levels by 2, 2.5, 3, 0.9, 1.2 and 2.5 folds, respectively, compared to HC 
rats (Table 1); P<0.01.  

 

Lipid peroxidation and antioxidant enzymes were improved significantly upon QE 
administration to HC rats. The analysis of the effect of QE (15 mgkg

−1 
day, i.p.. for 3 

successive days) before intake of cholesterol-containing diet orally for 30 days, on cell wall 
oxidation was conducted by measuring plasma and liver homogenate of lipid peroxides level, 
that declined after QE intake, by 167% and 150%; P<0.01, respectively, compared to HC 
rats. However, plasma and liver homogenate level of GST enzyme were unaffected by QE 
treatment (Table 2); P<0.01. The liver GSHPX, SOD and CAT levels were elevated 
significantly by 1.6, 2 and 2 folds, respectively, compared to HC rats (Table 3); P<0.01. 

 
Table 1. The Effects of quercetin (QE) administration (15 mgkg

−1 
day, i.p. injection) for 

3 successive days before intake of diet rich in coconut oil (15%) and cholesterol (2%) 
for 30 days, on plasma lipid profile of the HC rats 

 
Groups NC HC HC-QE 

Triglycerides (mg%) 44±2 110±5
*
 55±2

*
 

Total cholesterol (mg%) 90±3 220±10
*
 88±5

*
 

LDL cholesterol (mg%) 30±1 114±3
*
 40±2

*
 

HDL cholesterol (mg%) 49±1 59±0.6
*
 52±0.6

*
 

VLDL cholesterol (mg%) 25±0.3 33±0.6
*
 27±0.7

*
 

LDL:HDL ratio 0.6±0.01 2±0.1
*
 0.8±0.002

*
 

Data (mean±S.E.). #Rats/group; n=10. *Significance difference compared to NC group; P<0.01. 
+
Significance difference compared to HC group; P<0.01. NC=Normal control, 

HC=Hypercholesterolemia, QE= Quercetin, LDL= Low density lipoprotein, HDL= High density 
lipoprotein, VLDL= Very low density lipoprotein, TG = Triglycerides 
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Table 2. The Effects of quercetin (QE) administration (15mgkg
−1

day, i.p. injection) for 3 
successive days before intake of diet rich in coconut oil (15%) and cholesterol (2%) 

for 30 days, on plasma and liver lipid peroxides (as TBARS) and glutathione-S 
transferase; GST levels 

 

Groups NC HC HC-QE 

Plasma 

TBARS (nmol/ml)   2.0±0.02               8.0±1.0
+
 3.0±0.02* 

GST (mol/hr)            0.7±0.01              0.66±0.01                 0.7±0.002 

Liiver 

TBARS (nmol/g liver)                   11±1.0                   30±2.0
+
 12±1.0* 

GST (mol/hr/mg protein)             0.9±0.06               0.9±0.05                  0.9±0.01 

Data (mean±S.E.). #Rats/group;n=10. *Significance difference compared to NC group; P<0.01. 
+
Significance difference compared to HC group; P<0.01. NC=Normal control, TBARS= Thiobarbituric 

acid reactive substance, HC=Hypercholesterolemia, QE=Quercetin 
 

 

Table 3. The Effects of quercetin (QE) administration (15 mgkg
−1

day, i.p. injection) for 
3 successive days before intake of HC diet for 30 days, on glutathione peroxidase; 

GSHPX, superoxide dismutase; SOD and catalase; CAT on liver homogenate of  

HC rats 

 

Groups NC HC HC-QE 

GSHPX (U/mg protein) 14±0.6 8±0.5
+
 13±0.4

*
 

CAT (U/mg protein) 26±1.2 11±1.0
+
 24±0.7

*
 

SOD (U/mg protein) 50±2.0 23 ±1.0
+
 44±2.0

*
 

Data (mean±S.E.). #Rats/group; n=10. *Significance difference compared to NC group; P<0.01. 
+
Significance difference compared to HC group; P<0.01. NC=Normal control, 

HC=Hypercholesterolemia, QE=Quercetin 

 
4. DISCUSSION 
 
The flavonoid QE is present in many plants including edible fruits and vegetables. QE is 
poorly absorbed from GIT when it was administered orally [18]. QE exist in regular human 
diet with daily intake of 50–500 mg [19]. The intake of QE in a single dose of 15 mgkg

−1
, 

i.p.to rat (equivalent to1000mg administered to human), was shown to be able to reduce 
oxidative stress [20].  

 

The investigation of protective effects of QE, against experimentally-induced HC in rats, was 
carried out. Experimental HC was achieved via feeding rats 15% coconut oil and 2% 
cholesterol-rich diet for 30 days (data showed in Table 1). QE (15 mgkg

−1 
day, i.p.) 

administered for 3 successive days before 30-days oral cholesterol-rich diet intake. 
Oxidative stress elicited crucial role in progression and pathogenesis of HC. Superoxide 
dismutase (SOD), catalase (CAT), and glutathione peroxidase (GSHPx) have been shown to 
protect cells against lipid peroxides accumulation, which is considered as the initial step in 
HC [21]. Decreased antioxidant levels as a consequence of free radical production in several 
diseases such as HC and atherosclerosis, have been reported by some authors [22,23]. 
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Treatment of HC rats with QE pre-cholesterol administration, significantly improved lipid 
profile of the HC rats as showed by decreased plasma levels of triglycerides, total 
cholesterol, LDL-C, HDL-C, VLDL-C and LDL/HDL ratio by 2, 2.5, 3, 0.9, 1.2 and 2.5 folds, 
respectively in compared to HC rats; P<0.01 (Table 1). The possible usefulness of the QE as 
protective effect against atherosclerosis may arise from the decreasing of oxidative stress 
and lipid peroxides expressed as TBARS. The lipid peroxidation tend to initiate protein 
breakdown and inactivate enzymes bounded to the membrane via invade cells directly by    
with free radicals or modification of cell membrane chemically by the end products of lipid 
peroxides. This study elaborated significant increases of 38%, 54% and 48% in antioxidant 
enzymes levels of GSHPx, SOD and CAT, respectively (Table 3); P<0.01, that were in 
accordance with the results reported by others, who revealed elevation of lipid peroxides and 
a decline in antioxidant enzymes during oxidative stress state [24-27]. 

 

It was obvious that, flavonoids render liver cells more susceptible to remove LDL-C by 
accumulating hepatic LDL-receptors [28]. Flavonoids can reform -tocopherol (powerful cell 
antioxidant) via borrowing one hydrogen to -tocopherol radical [29]. This would maintain 
the -tocopherol (endogenous antioxidants) level in LDL for a longer time and delay lipid 
peroxidation onset [30]. Antiatherogenic effect of some flavonoids in HC rats was not due to 
lipid profile regulation but through down-regulation of some genes to help to decrement LDL-
C and elevate HDL-C [31]. The HDL-C may activate the cholesterol scavenging from several 
tissues to liver [32]. The elevated HDL-C level interfere with LDL receptors in arterial smooth 
muscle cells, inhibit LDL uptake [33] and increase HDL-C which, guard against LDL 
oxidation in vivo [34]. LDL/HDL risk ratio is a potent predictor of heart diseases [35]. The 
major mechanism by which flavonoids might protect against atherosclerosis, include 
potential positive effect on plasma lipids and antioxidant activity. Results in Table 3, showed 
that this ratio improved significantly by 150%, P<0.01 (Table 1) upon intake of QE compared 
to HC rats.  

 

This study revealed that, flavonoids showed insignificant effects regarding the level of 
plasma and hepatic GST (Table 2), in agreement with other previous researches [36,37]. 
The genesis  of lipid peroxides was significantly decreased by 167% and 150%; P<0.01, in 
plasma and liver, respectively, upon QE intake to HC rats (Table 1), That were compiled with 
other work, that investigated flavonoid effect on lipid peroxides formation [37]. It was 
indicated that, flavonoids may act in vivo to decrease DNA, lipids and protein oxidative 
damage that result in minimize the risk of heart diseases attack[38], that may be referred to 
the crucial antioxidant role of flavonoids through QE ability as free radicals scavengers and 
thereby decrease incidence of oxidative stress [39]. 

 

5. CONCLUSION 
 
The current results revealed that, QE can protect against HC in rats due to inhibition of lipid 
peroxidation, free radicals scavenging and increasing cellular antioxidant enzymes 
potentials. 
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