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Abstract:

Cardiovascular disease is currently the leading cause of death in the West, and a search for factors limiting its occurrence is ongoing.

Accumulated data indicate that quercetin, the major flavonol in the plant kingdom, may possess beneficial effects in atherosclerosis.

The present study aimed at determination of effects of quercetin on hyperlipidemia and development of atherosclerotic lesions in two

animal models, i.e. diet induced hyperlipidemia and aortic atherosclerosis, and in injured carotid artery in rabbits fed high-fat diet for

12 and 4 weeks, respectively. It was demonstrated that quercitin was effective in reducing serum triglycerides and cholesterol levels

elevated by high-fat diet, after 12 weeks of the experiment. This activity was less prominent in the 4-week study in injured carotid

artery rabbit model. Hypolipemic properties of the flavonoid were associated with the reduced formation of atherosclerotic plaques,

both in the aorta (12-week study) as well as within injured carotid artery (4-week study) in high-fat diet-fed animals. The surface of

the intima covered with atherosclerotic plaques in high-fat diet-fed rabbits was 24.6 ± 33.1% in comparison to 0.7 ± 1.3% (p < 0.05)

in quercetin and high-fat diet supplemented animals. It is evident from the present study that quercetin possesses both hypolipemic

and antiatherogenic properties.
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Introduction

Cardiovascular disease is currently the leading cause

of death in the West despite a major decline in mortal-

ity from coronary artery disease over the last two dec-

ades. Dyslipidemia is one of the most important risk

factors associated with atherosclerosis apart from

smoking, hypertension, diabetes mellitus and other

causes [11]. Control of coronary artery disease risk

factors in general population is thought to have con-

tributed at least in part to the decrease in mortality and

morbidity [6]. The possibility of retarding human

atherosclerosis or even inducing its regression is one

of the present therapeutic challenges.

Quercetin is the major flavonol (a sub-class of the

flavonoids) in the plant kingdom and is found ubiqui-

tously in the diet. Quercetin may be a powerful bioac-

tive constituent of the human diet, both as a free radi-

cal scavenging agent and through interaction with

various endogenous proteins (e.g. as an inhibitor of

enzyme activity) [7, 17]. Antiatherogenic activity of

quercetin may be attributed to its antioxidant proper-

ties, anti-inflammatory activity [5], antiproliferative

as well as antiplatelet effects [1, 9].
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The present study aimed at determination of effects

of quercetin on hyperlipidemia and atherosclerotic le-

sions development in two animal models, i.e. high-fat

diet induced hyperlipidemia and injured carotid ar-

tery in high-fat diet fed rabbits.

Materials and Methods

Animals

Male mongrel rabbits, weighing 3.0–4.5 kg (mean

3.5 kg) were used. After acclimatization for 2 weeks

to the housing conditions (23 ± 2oC, 60% humidity),

when the rabbits were fed on standard laboratory

chow (LSM, Motycz), 100 g per day, containing

15.6% of crude protein, 3.1% of crude fat, 46% of

carbohydrates, Polfamix LSM 1% (vitamin and min-

eral mixture: vitamin D3, vitamin K3, vitamin B12,

biotin, thiamine, riboflavin, pyridoxine, manganese,

iron, zinc, cooper, cobalt, iodine) and water ad libi-

tum, the animals were used for experimental procedures.

For the first stage of the study lasting 12 weeks, 30

animals were randomly allocated to three experimen-

tal groups comprising 10 animals each, as follows:

group 1a – fed on standard diet; 1b – administered

high-fat diet (g/kg/24 h: cholesterol 0.5, coconut oil

0.5 and cholic acid 0.1); 1c – administered high-fat

diet and quercetin given orally (0.05 mg/kg/24 h,

Sigma Aldrich, USA). High fat diet was administered

intragastrically through gastric gauge. After 12 weeks

of the study the animals were deprived of food for 18 h

and then sacrificied. Blood samples were taken for

biochemical measurements by heart puncture and the

aorta was dissected.

At the onset and after 12 weeks of the study, the

following parameters in blood serum were evaluated

using kits from Boehringer Mannheim GmbH and fol-

lowing manufacturer’s guidelines: total cholesterol

concentration, HDL-cholesterol, LDL-cholesterol, VLDL-

cholesterol and triglycerides. After 12 weeks the fol-

lowing assays in liver homogenate were assayed: mi-

crosomal total cholesterol [15] and microsomal cyto-

chrome P450 content using the method described

previously [13].

After 12 weeks of the study, aortic intima after lon-

gitudinal dissection from the aortic valve to the iliac

arteries was carefully evaluated, and the surface cov-

ered by arteriosclerotic plaques was measured using

planimetry with application of Adobe Photoshop 4.0

program.

Microscopic studies of the aorta were carried out

on fresh-frozen slices stained with Oil Red O and Su-

dan III to visualize lipids, and on other parts fixed in

Carnoy solution stained with hematoxylin-eosin,

resorcin-fuchsin for elastic elements.

At the second stage of the study, 30 animals, 10

rabbits per group, were treated as above, i.e. 2a – con-

trols; 2b – high-fat diet; 2c – high fat diet and quer-

cetin, however, the experiment lasted 4 weeks. At the

onset of the study, the intima of the carotid artery was

injured. Air-drying injury was induced by applying an

air flow through the carotid artery using a modifica-

tion of Fishman’s method [14]. Rabbits were anesthe-

tized with intravenous ketamine (35 mg/kg), and the

left carotid artery was exposed and ligated at two

points 1.5 cm apart. A 27-gauge hypodermic needle

was inserted into the proximal end of the segment by

puncturing with an additional needle. After the lumen

had been rinsed with PBS, a stream of dry air was al-

lowed to flow through the segment at 240 ml/min for

5 min. Ligatures were then removed, allowing circu-

lation to be reestablished, hemostasis was ensured,

and the incision was closed.

In the second part of the study, blood lipid concen-

trations and liver total cholesterol concentrations were

assayed and microscopic evaluation of the aorta and

the carotid artery was performed using the aforemen-

tioned methods. Furthermore, malondialdehyde

(MDA) concentrations were evaluated. The concen-

tration of MDA was measured in blood plasma, using

2-thiobarbituric acid (standard: 1,1,3,3,-tetramethoxy-

propane, Fluka AG) [16].

Statistical analysis

The results are shown as the mean ± SE. Lillefors test

was applied for normal distribution analysis. The

ANOVA or Kruskal-Wallis tests were used for data

analysis when appropriate. A p value of less than 0.05

was considered significant.

Results

After 12 weeks of the first stage of the study, a signifi-

cant weight gain was observed in all study groups. In
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control animals weight increased from 3.30 ± 0.07 kg

to 4.14 ± 0.13 kg (p < 0.001), in high-fat diet-fed rab-

bits from 3.58 ± 0.10 kg to 3.86 ± 0.11 kg (p < 0.001),

and in animals administered quercetin from 3.51

± 0.10 kg to 3.83 ± 0.12 kg (p < 0.05).

Initial values of serum total cholesterol concentra-

tion, HDL-cholesterol, LDL-cholesterol and VLDL-

cholesterol and triglyceride levels were similar in all

experimental groups. Serum lipid and cholesterol con-

centrations measured at the end of the first stage of

the study are shown in Table 1.

High-fat diet induced significant increase in total

cholesterol, LDL-cholesterol and VLDL-cholesterol

levels by 3692% (p < 0.01), 8259% (p < 0.01) and

1811% (p < 0.01) in comparison to the controls,

which was markedly alleviated by co-administration

of quercetin to 679% (p < 0.001), 1070% (p < 0.001)

and 444% (p < 0.01), respectively. HDL-cholesterol

concentrations were significantly elevated both after

administration of high-fat diet and co-administretion

of qercetin by 310% (p < 0.01), and 480% (p < 0.001).

Triglyceride concentrations were comparable in all

study groups. Total liver cholesterol level was signifi-

cantly increased after 12-week high-fat diet (by

303%, p < 0.05) irrespectively of quercetin admini-

stration (210%, p < 0.01). Cytochrome P450 content

in the liver was significantly reduced in animals fed

high-fat diet as compared to the controls. Administra-

tion of qurcetin led to elevation of the cytochrome

content (Tab. 1).

The intima of the aorta of control animals was

practically unchanged. In animals given high-fat diet

significant development of atherosclerotic plaques

had occurred with plaques covering 24.6 ± 33.10% of

the aorta. Prominent reduction in area of the intima

covered by atherosclerotic plaques was revealed in

animals on high-fat diet supplemented with quercetin

(0.7 ± 1.28%, p < 0.05 vs. high-fat diet-fed rabbits).

Histopathological picture of the aorta from control

animals revealed normal structure. The endothelium

was found to form continuous layer. Tunica intima

was also not changed. Elastic elements of tunica me-

dia had normal arrangement. There was no accumula-

tion of lipids in the aortic walls (Fig. 1a). Aortas of

rabbits fed on high-fat diet presented pathological le-

sions, especially in tunica intima, which was thick-

ened. The thickening (atheromatous plaques) oc-

curred throughout the whole surface of the examined

specimens. Numerous foam cells, lipid droplets and

elastic fibers were found in atheromatous plaques.

Endothelium covering tunica intima was not continu-

ous. There were lipid droplets and foam cells between

the first elastic membranes lying under the tunica in-

tima. The tunica media of aortas in these rabbits was

thick and elastic membranes had a loose arrangement

(Fig. 1b). In animals fed on high-fat diet supple-

mented with quercetin and high-fat diet the tunica in-

tima of the aorta was thickened but the atheromatous

plaques were never as high and wide as plaques seen

in the aorta of rabbits administered solely high-fat

diet. They included lipid droplets, foam cells and elas-

tic fibers (Fig. 1c).

During the second, 4-week study, weight of ani-

mals at the onset and at the end was comparable in all

studied groups and did not change in the course of ex-

periment. In control animals weight increased from

3.87 ± 0.67 kg to 3.90 ± 0.50 kg, in high-fat diet fed

rabbits from 4.20 ± 0.48 kg to 4.27 ± 0.11 kg, and in
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Parameter Group Statistical significance
(p < 0.05)

1a 1b 1c

Total cholesterol (mmol/l) 0.53 ± 0.05 20.01 ± 6.47 3.60 ± 0.79 1a/1b; 1a/1c; 1b/1c

LDL-Ch (mmol/l) 0.17 ± 0.02 14.21 ± 4.78 1.82 ± 0.41 1a/1b; 1a/1c; 1b/1c

VLDL-Ch (mmol/l) 0.27 ± 0.04 5.16 ± 1.79 1.20 ± 0.36 1a/1b; 1a/1c; 1b/1c

HDL-Ch (mmol/l) 0.10 ± 0.01 0.41 ± 0.03 0.58 ± 0.06 1a/1b; 1a/1c; 1b/1c

Triglycerides (mmol/l) 1.28 ± 0.24 1.12 ± 0.29 0.77 ± 0.16 1a/1b; 1a/1c; 1b/1c

Cytochrome P450 – liver (nmol/g of protein) 1.51 ± 0.05 1.19 ± 0.01 1.38 ± 0.14 1a/1b

Total cholesterol – liver (mg/g of tissue) 3.34 ± 0.47 13.47 ± 3.41 10.36 ± 2.27 1a/1b; 1a/1c



animals administered quercetin from 4.22 ± 0.55 kg to

4.20 ± 0.58 kg.

Initial values of serum total cholesterol concentra-

tion, HDL-cholesterol, LDL-cholesterol, VLDL-

cholesterol and triglycerides levels were similar in all

experimental groups. Measured values of blood lipid

and cholesterol concentrations at the end of the sec-

ond, 4-week stage of the study are displayed in Table

2. After 4 weeks of the study total cholesterol concen-

tration was elevated by 775% (p < 0.05) and 305%

(p < 0.05) in animals fed on high-fat diet and rabbits

supplemented with quercetin, respectively. As for

cholesterol fractions, LDL, HDL and VLDL choles-

terol, the levels were higher by 523% (p < 0.05),

1707% (p < 0.01) and 1071% (p < 0.05) in animals

from group 2b and by 428% (p < 0.05), 111% (p < 0.05)

and 1500% (p < 0.001) in group 3b, in comparison to

the control (group 2a). Triglycerides were insignifi-

cantly elevated after 4 weeks of the study in the group

on high-fat diet by 39% and in quercetin and high-fat

diet administered group by 28%. MDA was elevated

in high-fat diet-fed animals (51%, p < 0.05) as com-

pared to the controls. Co-administration of quercetin

to high-fat diet induced reduction, although not sig-

nificant of the MDA. Total cholesterol in the liver was

significantly increased in rabbits on high-fat diet (by

80%, p < 0.01) and in animals from quercetin and

high-fat diet-given group (61%, p < 0.01) as com-

pared to control animals.

Microscopic evaluation of the aorta did not reveal

any significant alterations from normal state after

4 weeks of the study.
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Parameter Group Statistical significance
(p < 0.05)2a 2b 2c

Total cholesterol (mmol/l) 0.75 ± 0.11 3.91 ± 1.15 3.89 ± 2.11 1a/1b; 1a/1c

LDL-Ch (mmol/l) 0.42 ± 0.07 2.62 ± 0.71 2.22 ± 1.26 1a/1b; 1a/1c

VLDL-Ch (mmol/l) 0.07 ± 0.01 0.82 ± 0.26 1.12 ± 0.87 1a/1b; 1a/1c

HDL-Ch (mmol/l) 0.26 ± 0.05 0.47 ± 0.12 0.55 ± 0.06 1a/1b; 1a/1c

Triglycerides (mmol/l) 0.64 ± 0.14 0.89 ± 0.31 0.82 ± 0.35 ns

MDA (mmol/ml blood) 1.12 ± 0.19 1.70 ± 0.53 1.35 ± 0.78 1a/1b

Total cholesterol – liver (mg/g tissue) 4.51 ± 0.64 8.11 ± 1.23 7.26 ± 0.51 1a/1b; 1b/1c



As for the carotid arteries, the right carotid, i.e. un-

injured artery, the intima was normal in all study

groups. The left, i.e. injured carotid artery in the con-

trol animals revealed slight thickening of the intima

which was infiltrated by scattered smooth muscle

cells (Fig. 2a). In animals fed high-fat diet numerous

atheromatous plaques composed of smooth muscle

cells and collagen fibers were revealed. Numerous

foam cells, lipid droplets and elastic fibers were found

in atheromatous plaques of greater size. Endothelium

covering tunica intima was not continuous. There

were also lipid droplets and foam cells between the

first elastic membranes lying under the tunica intima.

The above findings were very prominent in animals

fed only high-fat diet (Fig. 2b). The intensity of the

above changes in animals fed high-fat diet supple-

mented with quercetin was reduced (Fig. 2c).

Discussion

Epidemiological studies have reported a reduced risk

of coronary heart disease in subjects with high fla-

vonoid intake [4, 8]. The protective effect of fla-

vonoids has been attributed to many mechanisms, i.e.

antioxidant properties, anti-inflammatory activity [5],

antiproliferative as well as antiplatelet effects [1, 9].

In the present study, hypolipemic and antiathero-

genic effects of quercetin was evaluated in two animal

models. It was demonstrated that quercitin was effec-

tive in reducing serum triglycerides and cholesterol

levels elevated by high-fat diet, after 12 weeks of the

experiment. This activity was less prominent in the

4-week study. Thus, it seems that hypolipemic effects

of quercetin develop with time of its administration.

Hypolipemic properties of the flavonoid were associ-

ated with reduced formation of atherosclerotic

plaques, both in the aorta (12-week study) as well as

within injured carotid artery (4-week study) in ani-

mals fed on high-fat diet. The surface of the intima

covered with atherosclerotic plaques in high-fat diet-

fed rabbits was 24.6 ± 33.1% in comparison to 0.7 ±

1.3% (p < 0.05) in quercetin-supplemented animals.

Macroscopic observations were confirmed by mi-

croscopic evaluation of the aortic wall. Supplementa-

tion of high-fat diet with quercetin led to reduction of

thickening of the tunica intima of the aorta with

atheromatous plaques, which were never as high and

wide as plaques seen in the aorta of rabbits adminis-

tered solely high-fat diet for 12 weeks. The same

trend was evidenced in the 4-week study of the ca-

rotid artery where previously injured endothelium

was exposed to high-fat diet with and without quer-

cetin. From the present study, it is evident that quer-

cetin possesses both hypolipemic and antiatherogenic

properties.

The hypolipemic effects of quercetin may depend

on activation of some microsomal enzymes, as evi-

denced by elevation of cytochrome P450 content in

the liver of animals from quercetin group compared to

high-fat diet-fed group of rabbits. It is known that cyto-

chrome P450-dependent 7�-hydroxylase is involved

in the metabolism of cholesterol [12]. Thus, admini-

stration of quercetin to rabbits may be responsible for

stimulation of the liver microsomal 7�-hydroxylation

of cholesterol, and early step of the conversion of

cholesterol to bile acids.

One of the key steps in the development of athero-

sclerosis is oxidative modification of LDL, which are

scavenged by macrophages leading to formation of

foam cells in the vessel wall, belonging to the early

changes initiating the formation of atherosclerotic

plaque. Free radical activity can be evaluated by

measuring plasma MDA, a product o lipid peroxida-

tion. The present study documented also another

antiatherosclerotic mechanism of quercetin, i.e. anti-

oxidant properties, evidenced by reduction of MDA

formation in animals co-administered the flavonoid

and high-fat diet. This observation is in keeping with

reports of other authors, who revealed that quercetin

was effective in inhibition of oxidative modification

of LDL and the development of fatty streaks in rabbits

[2, 10].

However, observations from other animal models

of atherosclerosis are sometimes opposite to observa-

tions from the present study carried out on rabbits.

Yugarani et al. in a rat model of diet-induced athero-

sclerosis found reduction of HDL cholesterol concen-

tration in animals supplemented with quercetin, but

significant elevation of LDL cholesterol at 10 weeks

of the study with no effect on triglycerides and total

cholesterol levels. No atherosclerotic plaques were

observed in those animals as well as in rats fed high-

fat diet only [18]. However, rats due to low serum ac-

tivity of CETP (cholesterol ester transporting protein)

and involvement of HDL2 in cholesterol ester trans-

port to the liver are more resistant than rabbits to

diet-induced atherosclerosis. Hypolipemic and antia-
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therogenic effects of quercetin were also evaluated in

ApoE deficient mice [3]. It was found that administra-

tion of the flavonoid had no effects on HDL and LDL

plasma levels but there was a marked reduction (by

46%) of the area covered with atherosclerotic plaques.

The antiatherogenic properties of quercetin were as-

cribed to its antioxidant activity measured by the re-

duced formation of LDL lipid peroxides (by 48%).

The antioxidant properties of quercetin may be sug-

gested by reduction, although not significant, of MDA

formation in animals co-administered the flavonoid

and high-fat diet.

The results of the present study demonstrate both

hypolipemic and antiatherogenic properties of quer-

cetin in the rabbit model of diet-induced atheroscleosis.
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