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Abstract Curcumin has a potent antioxidant and anti-in-

flammatory properties that may suppress inflammatory

component of atherosclerosis. It has been demonstrated

that curcumin derivatives can reduce the formation of

arterial fatty streaks in cholesterol-fed rabbits. Therefore in

this study we evaluated the protective effects of Curcumin

on the progression of atherosclerosis. 20 mature rabbits

were included for this study; they were randomly divided

into four groups each of 5. Group 1: (normal control) were

fed corn pellets diet and tab water, group 2: (high choles-

terol diet control) were kept on cholesterol rich diet (2%

cholesterol) and tab water. Group 3: (cholesterol and

rosuvastatin treated group) were kept on cholesterol rich

diet (2% cholesterol) and 2.5 mg/kg/day Rosuvastatin

dispersed in DW and given orally, group 4: (cholesterol

and curcumin treated group) were kept on cholesterol rich

diet (2% cholesterol) and 0.2% curcumin added with corn

pellets. The study continued for 12 weeks then assessment

of serum level of high sensitive C-reactive protein,

ICAM1, VCAM1 and PCSK9 was carried out at the end of

the study. Total antioxidant activity of curcumin was also

determined. Histopathological examination of aortic tissues

for atherosclerotic changes was also carried out. Athero-

genic (cholesterol rich diet) induced an increment in serum

level of TC, LDL, VLDL and TG with concomitant

decrement in serum level of HDL and increased

atherogenic index. Treatment with curcumin produced

substantial reduction in serum TC, LDL, TG with no effect

on HDL level thus decreased atherogenic index. Rabbits

treated with curcumin showed a significant reduction in the

serum level of high sensitive C-reactive protein, ICAM1,

VCAM, PCSK9 serum expression and aortic total antiox-

idant capacity. Curcumin has a potent anti-inflammatory

and anti- oxidant effects against atherosclerosis so exerts a

protective role by decreasing lipid oxidation and inflam-

matory markers.
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Introduction

Atherosclerosis occur when there is a deposition and

accumulation of low density lipoprotein, cholesterol, pla-

telets, macrophage and white blood cells which will form

atheromatous plaque with increased arterial wall thickness

[1]. There are many risk factors of atherosclerosis includ-

ing hypercholesterolemia which is the major risk factor that

contribute to the pathogenesis of atherosclerosis, it will

cause vascular smooth muscle cell injury and arterial injury

that will stimulate inflammatory response and recruitment

of immune cells at the site of injury. Diabetes is another

risk factor in which there is a disturbance in fatty acids

metabolism so increasing the lipoprotein lipase level which

will bind to LDL and facilitate accumulation of cholesterol

in the arterial wall [2, 3].

In hypertension there will be an increment in the leakage

of lipoproteins as well as increased concentration of

angiotensin 2 that produce inflammation and accumulation

of oxidized LDL in the wall of the artery [3]. Smoking will
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increase the levels of non-esterified fatty acids in the blood

stream which may cause arterial injury and enhance

inflammation; obesity is another major risk factor for

atherosclerosis and ischemic heart disease [2] Inflamma-

tion is an important factor responsible for the disease

progression. Elevation in cholesterol, low density lipopro-

tein and triglycerides will lead to formation of

atherosclerotic lesions. Oxidized LDL will trigger vascu-

lar-cell manufacturing of M-CSFs and MCP-1 (macro-

phage colony stimulating factors and monocyte

chemoattractant protein-1 respectively) this will increase

reactive oxygen species production and increase oxidative

stress leading to endothelial dysfunction. Chronic oxidative

stress is a major cause of atherosclerosis formation.

Oxidative changes that came on LDL will stimulate bind-

ing of monocyte to endothelium, increasing the expression

of adhesion molecules such as VCAM-1 and ICAM-1

(vascular cell adhesion molecule and the intracellular

adhesion molecule respectively [3].

PCSK9 is an enzyme encoded as PCSK9 gene that

expressed in many tissues, it binds to LDL receptors and

transport fat molecules to extracellular fluids, thus PCSK9

inhibitors will decrease the concentration of LDL in the

blood stream [4]. Curcumin is a yellow chemical product

produced by plant Curcuma longa, used as herbal supple-

ment, food flavor, and food coloring substance. It is

a natural phenol belongs to the group of curcuminoids. It

has been found to exert a potent antioxidant and anti-in-

flammatory properties. Curcumin derivatives have been

found to reduce aortic fatty streak formation in cholesterol-

fed rabbits [5]. Rosuvastatin is a HMG-CoA reductase

inhibitor used in the treatment of hyperlipidemia, it

improves atherosclerosis by decreasing pro-inflammatory

cytokines and chemokines [6, 7].

Materials and Methods

Animals

A 20 mature domestic rabbits weighting 1.5–2 kg were

included in the study, they were kept in a controlled tem-

perature and humidity conditions as well as 12-h light/dark

cycle in the animal house/Faculty of Medicine/University

of Kufa. The study carried out after approval of the ethical

committee in the faculty of medicine, University of Kufa.

The rabbits were randomly divided into four groups,

each group contains five rabbits.

Group (I) (normal control): Rabbits were received

ordinary diet (corn pellets and tab water).

Group (II) (Cholesterol rich diet): Rabbits were received

2% cholesterol diet and tab water.

Group (III) (Cholesterol and Rosuvastatin treated):

Rabbits were received rosuvastatin (2.5 mg/kg/day) and

2% cholesterol diet with tab water.

Group (IV) (Cholesterol and Curcumin treated): Rabbit

were received curcumin 0.2% added with corn pellets and

2% cholesterol diet. Distilled water was used as vehicle for

both rosuvastatin and curcumin. Drug treatments were

given orally using gastric gavage [7]. The study continued

for 12 weeks. Serum levels of cholesterol, triglycerides,

LDL, VLDL and HDL were measured at the end of the

study. Serum level of high sensitive C-reactive protein,

ICAM1, VCAM1 and PCSK9 were measured also at the

end of the study. Total antioxidant activity of curcumin

was also determined. Aortic tissues were sent for

histopathological examination for atherosclerotic changes.

Blood Sampling and Processing

At the 12th week of the study a 3 ml arterial blood was

obtained from the central ear artery of each overnight

fasted rabbit. Blood samples were left until clotted then

centrifuged at 6000 rpm for twelve min to obtain serum for

measurement of total lipid profile (TC, HDL, LDL, VLDL,

TG). Rabbits were anesthetized and a 5 ml of blood was

directly obtained from the heart for the examination of the

serum level of hs C-reactive protein, ICAM1, VCAM1 and

PCSK9 expression.

Tissue Preparation for Measurement of Total

Antioxidant Capacity

Aortic tissue was obtained from each rabbit then froze at

- 80 �C. Samples were homogenized by sonication after

washing them with phosphate buffer saline. Triton X was

added to each sample, then was sonicated in ice box and

centrifuged for 30 min at 6000 rpm. Supernatant was

obtained and analyzed for total antioxidant capacity [8, 9].

Results

Total Cholesterol Serum Level

At the 12th week of the study rabbits on high cholesterol

diet developed hypercholesterolemia with significant

increase in total cholesterol level (p\ 0.05) in the groups

(II, IV) in comparison to zero time (Table 1).

The Serum Triglyceride (TG) Level

At the 12th week of the study rabbits on high cholesterol

diet have significant increment in serum TG level
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(p\ 0.05) in the group (II) in comparison to zero time

(Table 2).

The Effects on the Serum Levels of HDL

At the 12th week of the study HDL levels were signifi-

cantly decreased in the groups (II, IV) which were on fat

rich diet in comparison to zero time (Table 3).

Serum LDL Level

Following 12 weeks on high cholesterol diet in the groups

(II, IV), serum LDL-C levels significantly elevated in

comparison to zero time (Table 4; Fig. 1).

Serum VLDL Level

Following 12 weeks on high cholesterol diet, the VLDL

levels have been significantly raised in the groups (II) In

comparison to zero time (Table 5).

The Effects on the Atherogenic Index

Following 12 weeks on high cholesterol diet, the Athero-

genic index was significantly elevated in the group (II) in

comparison to zero time (Table 6).

The Effect of Curcumin and Rosuvastatin on High

Sensitive C-Reactive Protein Level

After 12 weeks of high cholesterol diet, hs-CRP was sig-

nificantly elevated in group II (Cholesterol) compared to

the normal control, whereas was significantly decreased in

groups III (Cholesterol ? Curcumin) and IV(Rosuvas-

tatin ? cholesterol) (Table 7).

The Effects of Curcumin and Rosuvastatin

on Serum Level of ICAM

After 12 weeks, ICAM levels were significantly elevated in

groups (II) compared with normal control group while

ICAM levels were significantly decreased in group (IV)

Table 8.

The Effects of Curcumin and Rosuvastatin

on Serum Level of VCAM

After 12 weeks, VCAM levels were significantly elevated

in groups (II, III) compared with normal control group

while VCAM levels were significantly decreased in groups

(IV) (Table 9).

The Effect of Curcumin and Rosuvastatin on Aortic

Total Antioxidant Capacity Levels

After 12 weeks, aortic total antioxidants capacity was

significantly elevated in groups (III, IV) compared with

normal control group while aortic total antioxidant capacity

levels was significantly decreased in group (II) compared

with normal control group (Table 10).

The Effect of Curcumin and Rosuvastatin on Serum

PCSK 9 Levels

After 12 weeks, serum PCSK9 gene expression was sig-

nificantly elevated in cholesterol group as well as in

Table 1 Difference of total

serum cholesterol levels in mg/

dl of the four group

Groups Before treatment After treatment p value

Control 105 ± 7 113 ± 3 0.6

Cholesterol 112.25 ± 3.4 494.5 ± 16.2 0.0001*

Cholesterol ? curcumin 110 ± 2 1 99.5 ± 10.5 0.06

Rosuvastatin ? cholesterol 100 ± 2 1 77 ± 7 0.04*

Data expressed as mean ± SEM, paired T test

*p value\ 0.05 means statistically significant

Table 2 Differences of serum

TG levels in mg/dl of four

groups

Groups Before treatment After treatment p value

Control 164 ± 6 241.5 ± 5.6 0.6

Cholesterol 135.5 ± 6.6 241.5 ± 5.6 0.002*

Cholesterol ? curcumin 136 ± 6 143.5 ± 14.5 0.05

Rosuvastatin ? cholesterol 150 ± 10 147.5 ± 7.5 0.9

Data expressed as mean ± SEM, paired T test

*p value\ 0.05 means statistically significant

76 Ind J Clin Biochem (Jan-Mar 2021) 36(1):74–80

123



rosuvastatin and cholesterol compared with normal control

group, whereas significantly reduced in groups(III)

(Table 11).

Histophotometric Sections of the Aortic Arch After

12 weeks in the Four Groups

Cholesterol Group

At the end of study rabbits fed 2% cholesterol diet (Induced

untreated) for 12 weeks had showed accumulation of

macrophages that form foams cells on the surface of

endothelium (Fig. 1).

Table 3 Differences in serum

levels of HDL in mg/dl of the

four group

Groups Before treatment After treatment p value

Control 12 ± 1 12.2 ± 0.8 0.9

Cholesterol 12 ± 1.1 9 ± 0.4 0.0001*

Cholesterol ? curcumin 9 ± 1 9 ± 0 1

Rosuvastatin ? cholesterol 11 ± 1 47 ± 4 0.04*

Data expressed as mean ± SEM, paired T test

*p value\ 0.05 means statistically significant

Table 4 Differences in serum

LDL levels in mg/dl of the

group

Groups Before treatment After treatment p value

Control 66.5 ± 1.5 63.5 ± 3.5 0.7

Cholesterol 73.25 ± 4.2 436.5 ± 16.5 0.0001*

Cholesterol ? curcumin 77 ± 1 160.5 ± 7.5 0.07

Rosuvastatin ? cholesterol 58.5 ± 7.5 100.5 ± 1.5 0.04*

Data expressed as mean ± SEM, paired T test

*p value\ 0.05 means statistically significant

Fig. 1 Photomicrograph of histophotometric section of the aortic

arch from rabbit fed with 2% cholesterol diet showed accumulation of

macrophage that form foams cells on the surface of endothelium

Table 5 Differences of serum

VLDL levels in mg/dl of the

four groups

Groups Before treatment After treatment p value

Control 30.5 ± 1.5 33.9 ± 3.9 0.4

Cholesterol 27 ± 1.3 48.2 ± 1.2 0.002*

Cholesterol ? curcumin 24 ± 2 28.7 ± 2.9 0.1

Rosuvastatin ? cholesterol 33.5 ± 1.5 29.5 ± 1.5 0.4

*p value\ 0.05 means statistically significant

Table 6 Differences of

atherogenic index levels in mg/

dl of the four groups

Groups Before treatment After treatment p value

Control 7.75 ± 0.15 8.25 ± 0.4 0.5

Cholesterol 8.50 ± 0.7 54.5 ± 4.3 0.002*

Cholesterol ? curcumin 11.35 ± 1.15 18.95 ± 1.1 0.2

Rosuvastatin ? cholesterol 8.18 ± 1.02 2.75 ± 0.15 0.1

*p value\ 0.05 means statistically significant
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Table 7 The differences in hs-

CRP Levels
Group Mean ± SD Control p value

Cholesterol 7.8242 ± 1.75132 4.7963 ± 0.40372 0.005*

Cholesterol ? curcumin 2.4103 ± 0.29704 4.7963 ± 0.40372 0.0001*

Rosuvastatin ? cholesterol 2.5760 ± 0.14307 4.7963 ± 0.40372 0.0001*

*p value\ 0.05 means statistically significant

Table 8 The differences in

ICAM serum Levels
Groups Mean ± SD Control p value

Cholesterol 72.7066 ± .56401 51.6582 ± 0.94184 0.0001*

Cholesterol ? curcumin 54.7278 ± 2.14899 51.6582 ± 0.94184 0.01*

Rosuvastatin ? cholesterol 55.3582 ± 2.81922 51.6582 ± 0.94184 0.0238*

*p value\ 0.05 means statistically significant

Table 9 The changes in

VCAM levels
Groups Mean ± SD Control p value

Cholesterol 181.8487 ± 0.89489 132.9500 ± 2.95000 0.0001*

Cholesterol ? curcumin 140.9231 ± 2.92310 132.9500 ± 2.95000 0.002*

Rosuvastatin ? cholesterol 126.1750 ± 1.04752 132.9500 ± 2.95000 0.001*

*p value\ 0.05 means statistically significant

Table 10 The changes in aortic

total antioxidant capacity levels
Groups Mean ± SD Control p value

Cholesterol 0.4333 ± 0.08819 1.0022 ± 0.00779 0.0001*

Cholesterol ? curcumin 1.3341 ± 0.03229 1.0022 ± 0.00779 0.0001*

Rosuvastatin ? cholesterol 1.984 ± 0.11039 1.0022 ± 0.00779 0.0001*

Table 11 The changes in

serum PCSK9 gene expression
Groups Mean ± SD Control p value

Cholesterol 78.5921 ± 0.89677 67.2071 ± 0.12285 0.0001*

Cholesterol ? curcumin 73.0476 ± 0.28572 67.2071 ± 0.12285 0.0001*

Rosuvastatin ? cholesterol 79.1429 ± 1.19491 67.2071 ± 0.12285 0.0001*

Fig. 2 Photomicrograph of histophotometric section of the aortic

arch showed focal area of foam cell collected under aortic

endothelium

Fig. 3 Photomicrograph of histophotometric section of the arch of

aorta showed intact aortic endothelium
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Cholesterol and Curcumin Group

Histological section from rabbits in this group showed

focal area of foam cell collected under aortic endothelium

(Fig. 2).

Cholesterol and Rosuvastatin Histological section from

rabbits in this group showed intact aortic endothelium

(Fig. 3).

Discussion

Atherosclerosis is a major cause of cardiac ischemia that

leads to myocardial infarction, angina and heart failure.

Cholesterol and saturated fatty acids are the main con-

tributors for development of atherosclerosis by adding to

cholesterol in the arterial wall that will causes arterial

narrowing with consequent reduction in oxygen supply to

the heart [10].

Effect on Lipid Profile

At the end of the study; serum cholesterol, TG, LDL,

VLDL were significantly decreased in hyperlipidemic

rabbits treated with rosuvastatin while HDL levels were

significantly high. This is in accordance with Yamazaki D

et al. 2013 who showed that rosuvastatin has an effective

role either alone or in combination in lowering lipid profile

parameters and inflammatory markers with improvement in

serum HDL level. [6] Rabbits treated with curcumin got

significant reduction in total cholesterol, triglyceride, LDL

and VLDL levels with improvement in HDL levels but less

than that with rosuvastatin-treated rabbits this is in accor-

dance with Shin et al. [6, 11].

Effect on Inflammatory Markers

Serum hs C-reactive protein, ICAM and VCAM levels

were significantly increased in cholesterol fed group when

compared with normal control group, this is going with

Mazidi et al. [12]. Treatment of rabbits with either cur-

cumin or rosuvastatin was significantly decreased serum hs

C-reactive protein, ICAM and VCAM levels in hyperlipi-

demic rabbits which is in accordance with several studies.

[13–15].

Effect on Aortic Antioxidant Capacity

Aortic antioxidant capacity level was significantly

decreased in cholesterol group (II) when compared with

normal diet group (I).However, treatments of rabbits with

either rosuvastatin (group III) or curcumin (group IV)

significantly increased antioxidant capacity level when

compared with untreated cholesterol diet group [16, 17].

Effect on PCSK9 Expression

Raised PSCK9 serum level in hypercholesterolemic rabbits

compared with normal untreated group is in an agreement

with Page and Watts [18] who demonstrated that hyperc-

holesterolemia cause PCSK9 gene mutation and increase

its expression leads to degradation of LDL receptor on the

surface of hepatocytes and decrease uptake of LDL and

increase its level in the circulation. In similar way Lin et al.

[19] demonstrated that PCSK9 is an important therapeutic

target for decreasing LDL-C. PCSK9 decreases LDL intake

from blood stream by enhancing LDL receptor degradation

and blocking their passage to the cell surface [19]. Many

studies have demonstrated that dietary curcumin as a

powder has a good effect in the treatment of atherosclerosis

and hyperlipidemia in addition to that it is safe with low

toxicity [11, 13].

Serum level of PCSK9 was decreased significantly in

curcumin exposed group compared with cholesterol group

and this result is similar to Tai et al. [20] who elucidated

the effect of curcumin in down-regulation of gene

expression at the level of cell surface so increase uptake of

LDL in the liver hepatocytes. Serum PCSK9 level was

reduced in Rosuvaststin treated group which was similar to

Nozue et al. [21] who explained the effect of statins in

decreasing hepatic intracellular cholesterol, so the number

of LDL receptors were elevated and level of PCSK9 pro-

tein also elevated in hepatic cell. When doses of statin are

for long time, it will increase the level of circulating

PCSK9 due to a decline in intracellular cholesterol in liver

that elevated SREBP2 (sterol regulatory element binding

protein 2) which is responsible for increment in gene

expression of PCSK9, Increase in the level of PCSK9 in

circulation, and increase activation of LDL receptors [21].
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