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Atherosclerosis plays a key role in the development of cardiovascular diseases, and is often

associated with oxidative stress and local inflammation. Thymol, a major polyphenolic

compound in thyme, exhibits antioxidant and anti-inflammatory properties. In this study,

we measured the in vitro antioxidant activity of thymol, and investigated the effect of

thymol on high-fat-diet-induced hyperlipidemia and atherosclerosis. New Zealand white

rabbits were fed with regular chow, high-fat and high-cholesterol diet (HC), T3, or T6 (HC

with thymol supplementation at 3 mg/kg/d or 6 mg/kg/d, respectively) for 8 weeks. Aortic

intimal thickening, serum lipid parameters, multiple inflammatory markers, proin-

flammatory cytokines, and atherosclerosis-associated indicators were significantly

increased in the HC group but decreased upon thymol supplementation. In summary,

thymol exhibits antioxidant activity, and may suppress the progression of high-fat-diet-

induced hyperlipidemia and atherosclerosis by reducing aortic intimal lipid lesion,

lowering serum lipids and oxidative stress, and alleviating inflammation-related

responses.

Copyright © 2016, Food and Drug Administration, Taiwan. Published by Elsevier Taiwan

LLC. This is an open access article under the CC BY-NC-ND license (http://

creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Cardiovascular diseases continue to be the leading cause of

deaths worldwide, with atherosclerosis often being the pri-

mary underlying cause [1]. Oxidative stress is the putative

mechanism involved in the pathogenesis of endothelial
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dysfunction, an early key event in the progression of athero-

sclerosis [2,3]. Oxidized low-density lipoprotein (ox-LDL)

stimulates endothelial cells to produce a number of proin-

flammatory cytokines, including interleukin-1 (IL-1) and

tumor necrosis factor-a (TNF-a), which, in turn, induce the

expression of adhesion molecules and chemotactic factors,

resulting in monocyte adherence and migration [4,5].
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Monocytesmigrate into the arterial wall and differentiate into

macrophages to facilitate the uptake of ox-LDL. Over time,

these macrophages not only transform into foam cells but

also release multiple proinflammatory cytokines that stimu-

late smooth muscle cell (SMC) migration and proliferation.

These macrophage foam cells contribute to the formation of

early and mature fatty streaks [6]. In summary, increased

oxidative stress and local inflammation may play a pivotal

role in the pathogenesis of endothelial dysfunction, and

consequently, atherosclerosis.

Matrix metalloproteinases (MMPs), a family of zinc- and

calcium-dependent endopeptidases, mainly include collage-

nases, gelatinases, stromelysins, and membrane-type MMPs

[7]. MMPs cleave the components of extracellular matrix,

thereby facilitating migration of vascular SMCs [8]. The pro-

duction of MMP and the migration of SMCs may contribute to

the pathogenesis of neointima formation and atherosclerosis.

In particular, the inducible expression of gelatinase MMP-9

has been shown to be directly involved in cancer cell inva-

sion and SMC migration through the vascular wall [9,10].

The leafy parts and essential oils of thyme (Thymus vulga-

ris) have been widely used in foods for flavoring and

improving aroma and/or preservation capacity [11]. Thyme

has also been used in folk medicine [11]. Studies have shown

that thymol, the most abundant component of thyme, ex-

hibits antioxidant as well as antibacterial and anti-

inflammatory properties [11e13]. The antioxidant property

may be related to its phenolic structure, as phenolic com-

pounds often exhibit redox properties, which may adsorb and

neutralize free radicals [14e17]. Previous studies have sug-

gested that thymol may become an important antioxidant

food supplement [18].

Atherosclerosis is associated with many risk factors,

such as dyslipidemia, and there is increasing emphasis on

preventing or slowing the progression of atherosclerosis

with natural supplements, healthy eating, and exercise

[1,19]. Endothelial dysfunction is a reversible disorder;

therefore, modifying cardiovascular risk factors with lipid-

lowering, antioxidant, and anti-inflammatory dietary sup-

plements may improve endothelial function and, conse-

quently, reduce the risk of atherosclerosis [1,19]. Compared

with other laboratory animals, rabbits are sensitive to the

manipulation of dietary cholesterol and saturated fat,

which can quickly develop hyperlipidemia and prominent

aortic lesions [20]. In addition, rabbits exhibit similar lipo-

protein metabolism as humans and appear to be the ideal

model for human atherosclerosis in translational medicine

[20,21]. This study examined the in vitro free radical-

scavenging activities of thymol, and the effect of thymol

in rabbits fed a high-fat and high-cholesterol diet (HC).

In vitro trolox equivalent antioxidant capacity (TEAC) and

serum total antioxidant status (TAS) were measured to

assess the ability of thymol to inhibit the oxidation of 2,20-
azinobis-(3-ethylbenzothiazoline-6-sulfonic acid), ABTS, as

a readout of its antioxidant potential [22]. Serum malon-

dialdehyde (MDA) level, a marker indicating the oxidation

status of lipids, was measured to determine the degree of

lipid peroxidation [23]. Our findings show that thymol pos-

sesses strong antioxidant activity and may suppress the

progression of atherosclerosis by lowering serum lipid,
oxidative stress, and inflammatory-related gene expression

as well as by reducing aortic intimal thickening in hyper-

lipidemic rabbits. These data indicate a potential trans-

lational application of thymol in treating atherosclerosis.
2. Materials and methods

2.1. Reagents and chemicals

All reagents and chemicals (reagent grade) were obtained

from Sigma, Inc. (St. Louis, MO, USA) unless stated otherwise.

Thymol (�99.0%) in white powder was mixed with the labo-

ratory chow for the animal study.
2.2. In vitro antioxidant activity of thymol

The 1,1-diphenyl-2-picrylhydrazyl (DPPH) radical scavenging

activity of thymol was examined. In brief, 1 volume (vol) of

acetate buffer (100 mmol/L, pH 5.5), 1 vol of ethanol, and 0.5

vol of freshly prepared DPPH ethanolic solution (500 nmol/L)

weremixed. After adding the test compound, themixture was

incubated at 25�C for 90minutes. The change in absorbance at

517 nm was then determined [24].

Total antioxidant capacity of thymol was measured by

TEAC as previously described [22]. The TEAC values of the

samples under investigation are defined as a concentration

equivalent to 1 mmol/L of trolox, a water-soluble analog of a-

tocopherol, required for scavenging ABTS radical cations

(ABTS�þ radicals).
2.3. Animals and treatment

A total of 24 4- to 6-week-old New Zealand white (NZW) male

rabbits (Society for Laboratory Animal Science, Taiwan) with

an average body weight of 1.5 kg were housed in individual

cages with an environmentally controlled atmosphere

(25 ± 1�C) and a 12-hour light/dark cycle. Food and water

were provided ad libitum. The animal use protocol (CJCU-99-

005) has been reviewed and approved by the Institutional

Animal Care and Use Committee at Chang Jung Christian

University in accordance with the Care and Use of Lab Ani-

mals for Scientific Application enacted by the Legislative

Yuan, Taiwan. After a 1-week adaptation period, animals

were randomly assigned to one of the four dietary manipu-

lation groups (six rabbits/group) as follows: control group,

high-fat and high-cholesterol group (HC group), T3 group,

and T6 group. The control group (normal; N) was fed with

regular laboratory rabbit chow (100 g/d). The HC group was

fed with regular chow enriched with 10% lard and 1%

cholesterol. The T3 and T6 groups were fed with HC sup-

plemented with thymol (3 mg/kg/d and 6 mg/kg/d, respec-

tively). The dietary manipulation continued for 8 weeks. At

the end of the 8-week study period, all animals were killed

under CO2 anesthesia. Blood samples were collected by car-

diac puncture, and the aortas were removed and longitudi-

nally cut for morphological and gene expression analyses.
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2.4. Biochemical measurements

The blood sampleswere centrifuged at 1800g for 10minutes at

4�C, and the serum was harvested. Serum total cholesterol

(TC), triacylglycerol (TG), LDL-cholesterol (LDL-C), high-

density lipoprotein-cholesterol (HDL-C), and TAS were

analyzed using commercial kits (Fortress Diagnostics Limited,

Antrim, United Kingdom) according to the manufacturer's
instructions. Serum TAS is defined by the ability of antioxi-

dants in the serum sample to inhibit the oxidation of ABTS to

ABTS�þ radicals by metmyoglobin (a peroxidase) [22]. The

amount of radical generation can bemonitored by reading the

absorbance at 600 nm. Serum C-reactive protein (CRP) level

wasmeasured using an enzyme-linked immunosorbent assay

kit (Immunology Consultants Laboratory, Newberg, OR, USA).
2.5. Measurement of serum MDA level

Serum MDA level was determined according to the method

suggested previously [23], but with minor modifications. The

assay mixture, comprising 25 mL of serum, 2.5 mL of 60 mM

CuSO4, and 22.5 mL of H2O, was allowed to react for 4 hours at

37�C. The mixture was then added to 0.35 mL of 20% tri-

chloroacetic acid and 0.35mL of 0.67% thiobarbituric acid, and

heated for 30 minutes at 70�C. After centrifugation at 13,750g

for 2.5 minutes, the supernatant was assayed spectrophoto-

metrically at 540 nm. Serum MDA content was expressed as

nanomoles/milliliter. Tetramethoxypropane was used as the

standard.
2.6. Morphological analysis

The thoracic aortic arch region was dissected longitudinally

and divided into eight equal segments, fixed with 10% buff-

ered neutral formalin, embedded in paraffin, and then cut at

5-mm thickness for hematoxylin and eosin (HE) staining and

photographed. The intimal lipid lesions in each segment were

examined quantitatively by estimating the percentage of the

HE staining regions (lipid infiltration) in photographs (100�).

The sum of lipid infiltration in eight segments was the intimal

thickening for each rabbit. All groups received the same
Table 1 e Primers used for real-time polymerase chain reactio

Matrix metalloproteinase-9 Sense

Antisense

Vascular cell adhesion molecule-1 Sense

Antisense

Monocyte chemotactic protein-1 Sense

Antisense

Tumor necrosis factor-a Sense

Antisense

Interleukin-1b Sense

Antisense

Interleukin-6 Sense

Antisense

Tumor necrosis factor-b Sense

Antisense
microscopic quantification procedures to estimate the aortic

intimal thickening.

2.7. RNA isolation and real-time polymerase chain
reaction

Total RNA of the aortic archwas extracted using PureLink RNA

Mini Kit (Invitrogen, Carlsbad, CA, USA), and complementary

DNA was synthesized from the RNA samples using the Su-

perScript III First-Strand Synthesis SuperMix for quantitative

reverse transcription-polymerase chain reaction (Invitrogen).

Real-time polymerase chain reaction assays were performed

using SYBR Green SuperMix (Invitrogen) and iQ5 Multicolor

Real-Time PCR Detection System (BioRad, Hercules, CA, USA).

The primers for inflammation-related genes are shown in

Table 1, as previously reported [25]. b-actin was used as an

internal control. Amplification was performed under the

following conditions: 40 cycles of 95�C for 15 seconds and at a

specific annealing temperature (60�C) for 60 seconds. The

specificity of the amplification was verified by melting curve

analysis [26].

2.8. Statistical analysis

All data were expressed as mean ± standard deviation. Com-

parisons between the four groups were made with the Krus-

kaleWallis test. Duncan grouping was used to analyze

significant effects. A p value of 0.05 was used as the threshold

for statistical significance.
3. Results

3.1. In vitro antioxidative capacity of thymol

Based on inhibitory concentration 50% values, approximately

121.4 mM of thymol could scavenge 50% of DPPH-free radicals.

According to the TEAC assay, thymol was about 2.83 times

more effective than trolox (a water-soluble form of vitamin E)

at scavenging ABTS�þ radicals. Therefore, in accordance with

literature [27e29], thymol exhibited free radical-scavenging

activity and appeared as a strong antioxidant.
n assay.

50-TTGGTGGTCTTCCCAGGAGAG-30

50-GCAGGTCTTCGGAGTAGTTTTGG-30

50-GAACACTCTTACCTGTGTACAGC-30

50-CTCACATTAATTGCTATGAGGATGG-30

50-GTCTCTGCAACGCTTCTGTGCC-30

50-AGTCGTGTGTTCTTGGGTTGTGG-30

50-GCTCACGGACAACCAGCT-30

50-TCCCAAAGTAGACCTGCCC-30

50-CCACAGTGGCAATGAAAATG-30

50-AGAAAGTTCTCAGGCCGTCA-30

50-CTTCAGGCCAAGTTCAGGAG-30

50-AGTGGATCGTGGTCGTCTTC-30

50-CTCCGCCACGGCTTCTC-30

50-AACCACCTGCGAGTACACGAA-30
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Table 2 e Effect of thymol on serum lipid profiles and C-reactive protein in high-fat diet-induced hyperlipidemic rabbits.

Normal diet High-fat and high-cholesterol diet T3 T6

Triglyceride (mmol/L) 1.3 ± 0.7c 12.0 ± 4.6a 10.3 ± 1.6a,b 8.9 ± 4.4b

Total cholesterol (mmol/L) 1.7 ± 0.4c 24.3 ± 2.5a 19.6 ± 6.3b 19.2 ± 7.5b

Low-density lipoprotein cholesterol (mmol/L) 0.8 ± 0.3c 19.9 ± 1.8a 15.0 ± 6.0b 13.6 ± 6.8b

High-density lipoprotein cholesterol (mmol/L) 0.7 ± 0.3c 2.0 ± 1.8b 2.5 ± 3.9b 3.8 ± 5.0a

Malondialdehyde (mmol/L) 4.8 ± 2.1b 8.2 ± 1.3a 4.2 ± 1.6b 4.1 ± 1.9b

C-reactive protein (ng/mL) 20.7 ± 18.9c 88.3 ± 19.1a 62.3 ± 15.0b 52.1 ± 20.0b

Total antioxidant status (mmol/L) 1.6 ± 2.4c 22.2 ± 11.2b 34.3 ± 22.1b 53.1 ± 10.7a

Data with different superscripts in the same row are significantly different at p < 0.05.

All data were expressed as mean ± standard deviation. p < 0.05 was used as the threshold for statistical significance (n ¼ 6).

HC ¼ high-fat and high-cholesterol diet; T3 ¼ HC supplemented with thymol 3 mg/kg/d; T6 ¼ HC supplemented with thymol 6 mg/kg/d.
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3.2. Effect of thymol on serum lipid profiles and aortic
arches in high-fat-diet-induced hyperlipidemic rabbits

Body weight changes among the four groups, N, HC, T3, and

T6, at the end of 8-week dietary manipulation period were
Figure 1 e (A) Effect of thymol on thoracic aortic intimal thickenin

group (N), rabbits were fed with regular rabbit chow; in the high

with rabbit chow plus 10% lard and 1% cholesterol; in the T3 an

supplemented with 3mg/kg/d and 6mg/kg/d of thymol, respecti

was calculated; all data were expressed as mean ± standard de

significance (n ¼ 6). *p < 0.05 as compared with the N group; **

M ¼ media. T3 ¼ HC supplemented with thymol 3 mg/kg/d; T6
2.85 ± 0.24 kg, 3.21 ± 0.37 kg, 2.98 ± 0.36 kg, and 3.07±0.42 kg,

respectively. No statistically significant difference was found

among the four groups with respect to body weight gain and

food intake at the end of the study. As shown in Table 2, serum

levels of TC, TG, LDL-C, and MDA were significantly increased
g in New Zealand white rabbits. In the control (normal diet)

-fat and high-cholesterol diet group (HC), rabbits were fed

d T6 groups, rabbits were fed as the HC group but also

vely (magnification: 100£). (B) The percentage of lipid lesion

viation; p < 0.05 was used as the threshold for statistical

p < 0.05 as compared with the HC group. I ¼ intima;

¼ HC supplemented with thymol 6 mg/kg/d.

http://dx.doi.org/10.1016/j.jfda.2016.02.004
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Figure 2 e Effect of thymol on gene expression of (A)

vascular cell adhesion molecule-1 (VCAM-1), (B) monocyte

chemotactic protein-1 (MCP-1), and (C) matrix

metalloproteinase-9 (MMP-9). All data were expressed as

mean ± standard deviation; p < 0.05 was used as the

threshold for statistical significance (n ¼ 6). *p < 0.05 as

compared with the normal diet (N) group; **p < 0.05 as

compared with the high-fat high-cholesterol group (HC).

T3 ¼ HC supplemented with thymol 3 mg/kg/d; T6 ¼ HC

supplemented with thymol 6 mg/kg/d.
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in the HC group as compared with the N (normal diet) group

(p < 0.05), whereas these readingswere significantly decreased

upon thymol supplementation, particularly in the T6 group, as

compared with the HC group. TAS and HDL-C concentration
were significantly enhanced in the T6 group as comparedwith

the HC and T3 groups (p < 0.05). Serum CRP level was signifi-

cantly increased in the HC group as compared with the N

(normal diet) group, but decreased in the T3 and T6 groups

when compared with the HC group (p < 0.05).

The effect of thymol on thoracic aortic intimal thickening

in NZW rabbits is shown in Figure 1. Analysis of the percent-

age of lipid lesions showed that intimal thickening was

significantly increased to about 75% in the HC group as

compared with the N group, but decreased to 60% (p > 0.05)

and 50% (p < 0.05) in the T3 and T6 groups, respectively, when

compared with the HC group. These data indicate that thymol

supplementation may suppress the atherogenic diet-induced

increase in TG, TC, LDL-C, MDA, and CRP levels, and atten-

uate the atherosclerotic damage caused by high-fat diet.

3.3. Effect of thymol on inflammation-related genes

The expression levels of atherosclerosis-associated in-

dicators, namely, vascular cell adhesionmolecule-1 (VCAM-1),

monocyte chemotactic protein-1 (MCP-1), and MMP-9

(Figure 2), and proinflammatory cytokines IL-1b, IL-6, TNF-a,

and TNF-b (Figure 3) were significantly increased in the HC

group as compared with the N group, but decreased in the T3

and T6 groups when compared with the HC group (p < 0.05).
4. Discussion

Experimental animal models of human atherosclerosis are

important tools to study the fundamental mechanism and to

explore the therapeutic means of the disease [20]. Many types

of animal models, including mice, rats, rabbits, hamsters, and

guinea pigs, are available, and each model has its own ad-

vantages and limitations [21]. Rabbits are prone to hyperlip-

idemia and experimental atherosclerosis upon dietary

manipulation of cholesterol and fat [20]. The rabbit model has

been useful to study the lipid-lowering effect by diet or statins

on the development of atherosclerosis [30].

Serum lipid-lowering effect on experimental atheroscle-

rosis was found in ellagic acid, olive leaf extract, and a ses-

amol derivative in the rabbit models as reported previously

[24,31,32]. Specific polyphenols may reduce plasma lipids by

altering hepatic triglyceride secretion and fecal fat secretion

as well as the activity of the 3-hydroxy-3-methylglutaryl-co-

enzyme A reductase and LDL receptor [24,33e35]. Our study

suggests that thymol, a phenolic compound, possesses similar

lipid-lowering functions.

The imbalance between cellular free radical formation

and antioxidant defense leads to oxidative stress. An exces-

sive production of free radicals may attack cellular compo-

nents, such as lipids, initiating the process of atherogenesis

through cell dysfunction [2]. Presumably, the administration

of antioxidants could counteract excess free radicals and

thus may be applicable to combat oxidative stress. In this

study, serum levels of TC, TG, LDL-C, and MDA, a marker of

lipid peroxidation, were significantly increased in the HC

group (rabbits receiving atherogenic diet), whereas thymol

supplementation effectively reduced these lipid parameters

(Table 2). Although TAS and HDL-C levels were increased in

http://dx.doi.org/10.1016/j.jfda.2016.02.004
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Figure 3 e Effect of thymol on gene expression of (A)

interleukin-1b (IL-1b), (B) IL-6, (C) tumor necrosis factor-a
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the HC group, the thymol supplementation T6 group

exhibited significantly higher levels than those of the HC

group (p < 0.05). The in vitro DPPH and TEAC results and

in vivo TAS data indicated that thymol exhibited free radical-

scavenging activity. Together, these data supported the pro-

tective effects of thymol on atherogenesis. Our study sug-

gested that thymol functioned as a strong antioxidant, with

the ability to increase serum total antioxidant capacity and

inhibit lipid peroxidation, thereby improving the unfavorable

progression of atherosclerosis.

This study employed a high-fat and high-cholesterol diet to

induce hyperlipidemia and atherosclerosis. The atherogenic

diet resulted in hyperlipidemia and aortic fatty streaks in

rabbits, which were similar to those of humans as described

previously [36]. Hyperlipidemia upregulated a series of

inflammation-related genes, such as the IL-1b, IL-6, TNF-a,

and TNF-b, in the aortas of rabbits, whereas thymol supple-

mentation downregulated these genes. Our histological data

also demonstrated that 75% of the intima of the thoracic aorta

was covered with lipid lesions in the HC group, but reduced to

60% and 50% in the T3 and T6 groups, respectively. Thymol

appears to be able to decrease the gene expression of proin-

flammatory cytokines and, consequently, reduce the forma-

tion of fatty streaks.

CRP is synthesized primarily in the liver and its release is

stimulated by IL-6 and other proinflammatory cytokines [1].

Previous studies have indicated that CRP, an inflammatory

acute-phase reactant, increases remarkably during the in-

flammatory response to tissue injury or oxidative stress [37].

High levels of plasma CRP have also been shown to be asso-

ciated with future cardiovascular events in patients with

acute coronary disease [38]. In this study, serum levels of CRP

and the gene expression of IL-6 declined significantly in the T3

and T6 groups, suggesting that thymol possesses anti-

inflammatory properties, with the ability to decrease the

release of IL-6 and downregulate the synthesis of CRP in the

liver.

Cellular adhesion molecules and chemotactic factors on

the surface of endothelial cells have been shown to mediate

the adherence of monocytes to the endothelium and their

subsequent migration into the arterial wall [31]. Proin-

flammatory cytokines, such as IL-1 or TNF-a, directly stimu-

late the production of these adhesion molecules and

chemotactic factors [5]. The cell adhesionmolecule VCAM-1, a

member of the immunoglobulin gene superfamily, is involved

in atherogenesis by favoring firm adhesion of monocytes to

the vascular endothelium [39]. MCP-1, a chemotactic factor

with great potency formonocytes, is synthesized and secreted

by endothelial cells upon various stimuli [40]. Our study

showed that the messenger RNA expression of VCAM-1 and
(TNF-a), and (D) TNF-b. All data were expressed as

mean ± standard deviation; p < 0.05 was used as the

threshold for statistical significance (n ¼ 6). *p < 0.05 as

compared with the normal diet (N) group; **p < 0.05 as

compared with the high-fat high-cholesterol group (HC).

T3 ¼ HC supplemented with thymol 3 mg/kg/d; T6 ¼ HC

supplemented with thymol 6 mg/kg/d.

http://dx.doi.org/10.1016/j.jfda.2016.02.004
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MCP-1 increased in the HC group but decreased upon thymol

administration. These findings suggest that thymol may be

able to modulate the production of inflammatory cytokines,

resulting in the inhibition of the induction of VCAM-1 and

MCP-1 expressions in the endothelial cells, thereby inhibiting

the adherence of circulating monocytes (such as leukocytes)

to vascular endothelium. These results are in accordancewith

a previous study using LDL receptor-deficient rabbits [39].

The migration of SMCs from the tunica media to the sub-

endothelial region is a key event in the development and

progression of atherosclerosis [41]. MMP-9 appears to be

associated with SMC migration and plaque rupture [9,10].

Previous studies have indicated that MMP-9 can be induced by

proinflammatory cytokines, such as IL-1b and TNF-a [42]. Our

study demonstrated that thymol may have the ability to

modulate the expression of MMP-9 in vivo via an

inflammation-related mechanism.

Oxidative stress and inflammatory responses are involved

in the development of atherosclerosis [17]. The redox-

sensitive transcription factor nuclear factor-kappa B (NF-kB)

modulates inflammatory responses. In the resting state, NF-

kB is present in the cytoplasm. Upon activation by various

stimuli such as oxidative stress or pro-inflammatory cyto-

kines, NF-kB translocates into the nucleus and regulates a

variety of downstream target genes including inflammation-

associated TNF-a, IL-1b, and IL-6, creating a positive feed-

back loop [43]. In addition, cellular adhesion molecule VCAM-

1, chemotactic factor MCP-1, and MMP-9, which are involved

in the progression of atherosclerosis, are alsomediated by NF-

kB [31,44]. The current study did not explore the direct role of

NF-kB in experimental atherosclerosis. However, according to

previous studies with similar experimental designs [31,38,44],

it may be reasonable to presume that NF-kB is responsible for

the upregulation of the inflammatory cytokines, IL-1b, IL-6,

TNF-a, and TNF-b, as well as VCAM-1, MCP-1, and MMP-9 in

the current study. Therefore, it is legitimate to suggest that

thymol supplementation alleviated the upregulation of the

inflammatory cytokines induced by atherogenic diet, at least

partially, through downregulating NF-kB.

In conclusion, the serum levels of TC, LDL-C, TG, MDA, and

CRP, and intimal thickening significantly increased in the HC

group but decreased in the T3 and T6 groups. The serum levels

of HDL-C and TAS significantly increased in the T6 group as

compared with the HC and T3 groups. Furthermore, the

messenger RNA expression of IL-1b, IL-6, TNF-a, TNF-b,

VCAM-1, MCP-1, and MMP-9 significantly increased in the HC

group but decreased in the T3 and T6 groups. These results

suggest that thymol suppresses the progression of athero-

sclerosis by lowering serum lipids and reducing oxidative

stress and inflammatory response in hyperlipidemic rabbits.

Further investigation is necessary to reveal the exact cellular

mechanisms of the effect of thymol on the endothelial

dysfunction and SMC migration.
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