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Abstract

Objective: Atherosclerosis sclerosis is a chronic inflammatory disease that can lead to cardiovascular and cerebrovascular
disorders that are generally along with hypercholesterolemia and oxidative stress. Various surveys have shown that thymol
is a polyphenolic compound with anti-inflammatory and antioxidant properties. This study aimed to investigate the anti-
inflammatory and antiapoptotic effects of thymol on carotid tissue of hypercholesterolemic rats.

Materials and Methods: Forty male Wistar rats were randomly divided into 4 groups with 10 members each (n = 10): a
control group with a normal diet (ND), a group with a high-cholesterol (2%) diet (HD), a group with a high-cholesterol diet
combined with thymol (24 mg/kg HD +T), and a group with a thymol diet (T). After preparing serum from peripheral blood
of rats, lipid measurements were obtained, including total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C),
low-density lipoprotein cholesterol (LDL-C), and triglycerides (TG), by using a colorimetric method; the levels of oxidized
LDL (OxLDL) were obtained through enzyme-linked immunosorbent assay (ELISA). The activities of superoxide dismutase
(SOD) and glutathione peroxidase (GPx) antioxidant enzymes, as well as the concentrations of malondialdehyde (MDA)
and serum total antioxidant capacity (TAC), were determined with the use of colorimetric methods. The protein expressions
of Bcl2 and cleaved caspase 3 and the phosphorylation of p38 mitogen-activated protein kinase (MAPK) in rat carotid tissue
were determined by an immunoblotting method.

Results: The rats fed with a high-cholesterol diet for 8 weeks increased TC and OxLDL in HD group compared with the ND
group (P<0.01; OxLDL HD vs ND (214.42 + 17.46 vs 69.13 + 9.92; P<0.01); (229.39 + 13.26 vs 67.89 + 5-14 (215.58
+ 12.46 vs 229.35 + 13.26; P<0.05, OxLDL HD vs HD + T 105.53 + 10.44; P<0.01). Both of them were decreased with
the intervention of thymol in the HD + T group compared with the HD group.

The amount of phosphorylation of p38 (p-p38) and the protein expression of cleaved caspase 3 showed a significant
increase in the HD group compared with the ND group (P<0.01). In contrast, the expression of Bcl-2 in the high-cholesterol
diet group decreased compared with the control group (P<0.01). A comparison of the p-p38 and the protein expression
of cleaved caspase 3 between the T + HD and the HD groups showed that in both cases, thymol caused a decrease
(p<0.01), whereas Bcl-2 effected an increase (P<0.05). Regarding the oxidant and antioxidant indices, thymol significantly
decreased the MDA level and increased the total antioxidant content (P<0.01).

Conclusion: The results of this study indicate that thymol significantly decreases the expression of inflammatory and
apoptotic proteins in carotid tissue. However, this decrease is probably not mediated by an effect on lipid metabolism
because thymol decreases the total level of cholesterol but has no significant effect on the LDL-C level as the atherogenic
index. In addition, thymol possibly exerts an antioxidant effect without the direct involvement of antioxidant enzymes.
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Introduction

Oxygen molecules exposed to different radiation and
stress by taking an electron from other molecules, cause
damage other molecules, cells and DNA. This activity can
result in various diseases, including cancer, brain damage,
and heart disease, such as atherosclerosis sclerosis, as well
as weakness of the immune system. The production of
reactive oxygen species (ROS), even in normal conditions,
is inevitable in metabolic pathways; however, the
antioxidants available in the body and obtained in the diet
neutralize the effects of ROS (1).

Hypercholesterolemia is directly and closely related to
atherosclerosis (2,3) and is characterized by increasing
plasma concentrations of low-density lipoprotein (LDL),
and triglycerides (TG). The accumulation of LDL in
the intima and their oxidation lead to the formation of
atherosclerotic plaques, which is one the most common
causes of clogged arteries, heart attacks and strokes,
and cardiovascular diseases (CVDs) (4-7). In fact, the
damage caused by atherosclerosis represents a wide range
of particular cellular and molecular responses that, as a
whole, can be regarded as inflammatory diseases (5). The
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oxidation of LDL by ROS leads to production of oxidized
LDL (OxLDL), releasing phospholipids, peroxidation of
lipids and proteins, and production of malondialdehyde
(MDA).

Activation of endothelial cells is more in areas of vessel
that are under the hemodynamic pressure. OxLDL is the
simulator of inflammatory reactions (5,8), which attracts
blood monocytes, and calls and reproduces macrophages
(5,9,10). This oxidative stress leads to the consumption
of the support recovery substance of the antioxidant
system, decreasing the level of glutathione and the activity
of antioxidant enzymes, such as glutathione peroxidase
(GPx), catalase, and SOD. Increasing lipid peroxidation
and/or decreasing antioxidant protection have been
observed in metabolic diseases and unhealthy lifestyles
and can cause endothelial dysfunction and atherosclerosis.
Clinical trials have shown that increasing ROS decreases
antioxidant formation, especially in patients with coronary
artery disease (CAD) (11,12). The oxidative stress
stimulates inflammatory reactions and plays an important
role in the progression of atherosclerosis by launching the
signaling (13,14).

Protein of p38 mitogen-activated protein kinase
(MAPK) as an important pro-inflammatory marker
controls cellular responses to stress and inflammation.
Modified LDL, cytokines, and stressful events cause the
phosphorylation and activation of p38 in endothelial cells
and macrophages (15).

The family of B-cell leukemia/lymphoma-2 proteins
includes 2 types of antiapoptotic members, such as Bcl-2
and Bcl-xL, as well as proapoptotic members, such as the
multi-Bcl-2 homology- (BH-) and domain proteins Bax
and Bak, and is the mediating factor of the mitochondria-
dependent apoptosis pathway (16). The Bcl-2 proteins
act as major regulators of basic and non-basic signaling
pathways of apoptosis. These proteins can be used as
therapeutic targets in the treatment of atherosclerosis
(17). The mitochondrial pathway is triggered by proteins
of the Bcl2 family or ions of Bak and Bax, whereas the
extrinsic pathway is triggered by the tumor necrosis factor
(TNF) family or the activation of caspase 8, followed by
the activation of caspase 3 (18-20).

Thymol and carvacrol are 2 important natural
terpenoids that have antibacterial, antioxidant, and
anti-inflammatory effects. These compounds have been
reported to cause inhibition of inflammatory edema
and migration of leukocytes in an animal model, as well
as a decrease in key mediators of inflammation, such as
cyclooxygenase (COX)-2, and stimulation of the enzyme
of nitric oxide synthase (iNOS) and inflammatory
cytokines, such as TNF, TNFaq, and interleukin (IL)-1f
(21). Thymol is a compound with an antioxidant effect
against oxidative stress. The leaves and essential oil of
thymol are used in the food industry as flavor enhancers
and preservatives, as well as in herbal medicine. In 2011,
El-Nekeety et al studied the antioxidant properties of
Thymus vulgaris oil against oxidative stress in male rats
and reported a powerful antioxidant effect of thymol

(22). Thymol directly refines free radicals and activates
physiologic defense mechanisms to exert its antioxidant
activities (23,24). As a powerful antioxidant with the
ability to increase the serum total antioxidant capacity and
inhibit peroxidation, thymol can prevent the progression
of atherosclerosis (25).

Given the above-mentioned discussion, this study
aimed (a) to investigate the effect of thymol on
antioxidant, apoptotic, and inflammatory markers; and
(b) to investigate the possible mechanism of this effect
by considering changes in antioxidant responses or
peripheral blood lipid levels.

Materials and Methods

Animals

Male Wistar rats were purchased from the animal
laboratory of the Pasteur Institute in Karaj, Iran. The
number of rats placed in each group was determined by
using the following formula (26):
N=(Z1-a+Z1-$)2(SD12+SD22) /(M1M2)

The criteria for inclusion in the study were a normal
weight of about 270 + 30 g, young age (8 weeks), good
health, male gender, and a normal lipid profile. The
exclusion criteria were presence of hyperlipidemia and
behavioral abnormalities. For 1 week, the animals were
kept at a temperature of 21°C, humidity of 55%, and
a 12-hour light/dark cycle for them to get used to the
environment (27), with access to sufficient food and water.

Study Design

The rats were randomly assigned to 4 groups. The first
was a control group with a normal diet (ND). The second
group had a high-cholesterol diet (HD); 2% cholesterol
was given through regular food and water for 2 months.
Cholesterol with > 99.9% purity was purchased from
Sigma Chemical Co. (St. Louis, MO, USA). The third
group had a diet of combined high cholesterol and thymol
(HD+T); the animals received thymol with 2% cholesterol
(t0501; Sigma, St. Louis, MO, USA) at a dose of 24 mg/kg
for 2 months. The fourth group was the thymol group (T).

Sampling

Twenty-four hours after the last intervention and after 12
hours of fasting, the mice were deeply anesthetized by an
intraperitoneal injection of 90 mg/kg ketamine and 9 mg/
kg xylazine. Blood samples were collected from the heart
before the removal of the carotid. Then, a sample of 6 to
7 mm was removed from each carotid (28,29) and frozen
in nitrogen liquid for western blot analysis. Whole blood
was poured into tubes without an anticoagulant; this
was centrifuged at 3000 rpm for 5 minutes after 1-hour
incubation at 37°C and complete coagulation. Then,
supernatant (serum) was collected and stored at -20°C for
biochemical analyses (30).

Lipid Profile
The amount of plasma lipid indicators, including TG, total
cholesterol (TC), and high-density lipoprotein cholesterol
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(HDL-C), was measured by using biochemistry laboratory
kits (Tehran, Iran), applying a photometric method
with the use of a VITROS 5600 autoanalyser (Ortho-
Clinical Diagnostics, Inc., USA). To measure LDL-C,
the Friedewald formula of LDL-C = TC-TG/5-HDL-C
was used (31). The concentrations of all variables were
expressed in mg/dL. The serum levels of OxLDL were
measured by sandwich enzyme-linked immunosorbent
assay (ELISA) with the use of an ELISA kit (MBS729489;
My Bio Source Ltd, USA).

Plasma Antioxidant Profile

To measure the activity of the GPx enzyme in hemolyzed
blood, a Ransel kit (Randox Laboratories Ltd, Admore,
Northern Ireland) was used, the design of which was
based on the analysis of H,O, in the presence of GSH by
GSH-Px and a decrease in GSH. The activity of the SOD
enzyme in hemolyzed blood was measured with a Ransod
kit (Randox Laboratories Ltd, Admore, Northern Ireland);
this was based on the inhibitory effect of superoxide
dismutase (SOD) on superoxide anions (O?) caused by
the enzymes of the xanthine/xanthine oxidase system,
which ultimately produces nitrite. The activities of the 2
above-mentioned enzymes were expressed in U/g Hb.

Total Antioxidant Capacity Level

The total antioxidant capacity (TAC) was measured
with the use of a Randox kit (Randox Laboratories Ltd,
Admore, Northern Ireland).

Malondialdehyde Level

The thiobarbituric acid (TBA) method was used to
determine the amount of MDA based on the reaction
between MDA and TBA and the formation of TBA-
reactive substances (TBARS). The measured levels were
expressed in nmol/mL of serum.

Western Blotting

Western blotting was used to measure the protein
expression of phospho-p38, Bcl-2, and cleaved caspase
3 based on the protocol of Santa Cruz online, according
to a previously used method (32). First, carotid tissue
proteins were extracted by using RIPA lysis buffer (Sigma)
plus anti-protease cocktails (Sigma Chemical Co., MO,
USA). The protein concentrations were determined by

the Bradford assay method by using a commercially
available kit (Sigma Chemical Co., MO, USA). Then
the proteins were separated by electrophoresis on 10%
acrylamide gel; after the separation, the bands were
transferred onto nitrocellulose membrane Hybond ECL
nitrocellulose membranes (Sigma Chemical Co., MO,
USA). The membranes were blocked with phosphate-
buffered saline containing 5% nonfat milk powder and
1.0% Tween 20 and were subsequently incubated for 1
hour at a temperature of 4°C overnight with anti-rabbit
polyclonal primary antibodies of Bcl-2, p-p38, cleaved
caspase 3, and beta-actin as a control (Santa Cruz, USA)
and HRP-conjugated anti-rabbit secondary antibodies
(1:5000; Santa Cruz Biotechnology); this was followed
by detection through a chemiluminescence method by
using X-ray film. The band densities were measured with
the densitometry software Image], version 62.1 (National
Institutes of Health, Bethesda, Maryland, USA), and
then normalized against the beta-actin band. After the
normalization of the bands, the relative density curve was
plotted to quantify the density.

Statistical Analysis

The average relative densities obtained were entered into
the SPSS software, version 16, and the data distribution
was analyzed by applying the Kolmogorov-Smirnov test.
Comparison of the averages between groups was done
by using analysis of variance (ANOVA) and Tukey post
hoc test. A P value of less than 0.05 was considered as
significant.

Results

Thymol Decreases TC in the Blood of Hypercholesterolemic
Rats

As shown in Tables 1 and 2, feeding rats with a high-
cholesterol diet for 8 weeks increased the levels of TC,
LDL-C, and TG in the HD compared with the ND group.
The amounts of TC and LDL-C showed a significant
increase in both groups; however, the increase in TC was
almost three fold that of LDL-C in the HD group.

No significant difference in the mean HDL-C level was
found between the ND and the HD group. In the HD+T
group, the consumption of thymol significantly decreased
the TC levels; however, no significant changes were
observed in the other indicators.

Table 1. Comparison of Lipid Profile Values Between the Studied Groups (n=10)

Group TC (mg/dL) LDL Cholesterol (mg/dL) HDL Cholesterol (mg/dL) TG (mg/dL)
ND 67.89+5.14 15.20+2.34 33.66+2.90 50.12+7.16
P value <0.001™ <0.001™ 0.988 0.001™"
HD 229.35+13.26 177.39+10.38 35.27+4.69 65.41+10.66
P value <0.05° 1 0.942 0.179
HD+T 215.58+12.46 177.43+18.41 37.58+5.79 73.48+7.36
T 64.67+3.74 14.13+£2.04 34.42+3.24 48.52+6.17

Abbreviations: LDL, low-density lipoprotein; HDL, high-density lipoprotein; ND, normal diet; HD, hypercholesterolemic diet; HD+T,

hypercholesterolemic diet + thymol; T, thymol.
* P <0.05, ** P<0.01. ***P < 0.001.
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Table 2. Comparison of Antioxidant Profile Values Between the Studied Groups

Group TAC (mmol/L) GPx (U/g Hb) SOD (U/g Hb) MDA (umol/l)
ND 1.74+0.53 85.29+2.62 829.14+65.90 2.95+0.68
P value 0.05* 0. 01** 0.007 *** 0.007***
HD 1.178+0.24 71.08+9.32 681.68+73.65 6.37+0.85
P value 0.001** 0.624 0.335 0.001
HD+T 1.99+0.33 76.72+14.37 627.40+63.34 2.37+0.49
T 2.59+0.34 97.12+5.76 758+35.66 2.06+0.47

Abbreviations: GPx, glutathione peroxidase; SOD, superoxide dismutase; MDA, malondialdehyde; TAC, total antioxidant capacity.

* P <0.05, ** P<0.01. ***P < 0.001.

Thymol Decreases Serum Levels of OxLDL in
Hypercholesterolemic Rats

As shown in Figure 1, the serum levels of OXxLDL in the
HD group were significantly increased compared with
the ND group. The consumption of thymol decreased the
serum levels of OxLDL in the HD + T group.

Thymol decreases the phosphorylation of p38 (P-P38)
and the protein expression of cleaved caspase 3 and
increases the expression of Bcl-2

As shown in Figure 2, the p-p38 and the protein
expression of cleaved caspase 3 were significantly increased
in the HD group compared with the ND group, whereas
the expression levels of Bcl-2 were significantly decreased.
In the HD+T group, thymol consumption significantly
decreased the p-p38 and the protein expression of cleaved
caspase 3 but significantly increased the expression of
Bcl-2.

Discussion

This study aimed to investigate the effect of thymol on
oxidative indexes and atherogenic lipids in carotid tissue
of Wistar rats. Thymol and carvacrol are 2 important
natural terpenoids that are the main components of
aromatic plants. These compounds also have antibacterial,
antioxidant, and anti-inflammatory effects (21). In this
study, a high-cholesterol diet (2%) was used to create the
atherogenic rat model. Although previous studies have
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Figure 1. Serum OxLDL Levels in the Studied Groups (n = 10).
Abbreviations: ND, normal diet; HD, hypercholesterolemic diet
(2%); HD + T, hypercholesterolemic diet+thymol (24 mg/kg); T,
thymol. ***P<0.001 versus ND, ## P<0.001 versus HD.

reported the creation of such model with 1% cholesterol
per cholesterol (2% cholesterol) (33-35), the lipid profile
results in this work indicate the successful induction
of hypercholesterolemia in rats. After creating the
hypercholesterolemic model, treatment with thymol (24
mg/kg) was carried out.

The most important findings of this study were as follows:
First, thymol decreased the inflammation and apoptosis
caused by a high-cholesterol diet. Second, thymol showed
a direct impact on the clearance of oxidants but had no
significant impact on the activity of antioxidant enzymes.
Third, although thymol decreased the TC plasma level in
the hypercholesterolemic model, it had no effect on the
atherogenic lipid (LDL-C). Fourth, thymol decreased
the level of OxLDL induced in the hypercholesterolemic
model to half.

Hypercholesterolemia, especially the LDL type, is
often associated with atherosclerosis, which is a chronic
inflammatory disease of the arteries. The accumulation
of lipids in the arterial wall to higher than the normal
level and their oxidation as OxLDL are considered as the
main causes of inflammation and apoptosis. In the current
study, the level of OxLDL in animal models was found to
be increased by approximately four fold, which was in
accordance with the study of Kunitomo (36) and Khorrami
et al (37), who showed that the level of serum OxLDL was
significantly increased in mice fed with a high-cholesterol
diet. However, our results also showed that the high-
cholesterol diet (2%) for 14 weeks significantly increased
the levels of TC, TG, LDL, VLDL (very LDL), and Ox-LDL
and decreased the concentrations of HDL/LDL and HDL.
The increase in OxLDL may be due to an increase in LDL
particles or oxidation factors. van der Zwan et al found a
direct relationship between LDL-C and OxLDL (38). In
addition, evidence has shown that a high-cholesterol diet
increases the level of ROS in peripheral blood and carotid
(39-41). After treatment with thymol, it was found that
elevation of OXLDL serum level in the presence of thymol
has been reduced to half amount, whereas the LDL-C
concentration did not change.

These results are in accordance with a previous review
of the literature. In another research, Yu et al reported
that hyperlipidemic and atherosclerotic New Zealand
white rabbits showed a decreasing effect of thymol on
OxLDL (25). Some studies have shown a decreasing effect
of thymol on the lipid profile. For example, Meeran et
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Figure 2. Downregulation of Cleaved Caspase 3 and p-p38 MAPK and Upregulation of Bcl2 in the Carotid Artery of an Atherosclerotic Rat

Model After Thymol Administration.

A, immunoblotting of p-p38 MAPK, p38 MAPK, cleaved caspase 3, Bcl2, and B-actin in the ND, HD, HD+T, and T groups. B, Quantitation
of immunoblotting of p-p38 MAPK/p38 MAPK. C, Quantitation of immunoblotting of cleaved caspase 3. D, Quantitation of immunoblotting
of Bcl2. The values are the means + SD of 6 animals in each group. *** P < 0.001 versus ND, ** P < 0.01 versus HD, # P < 0.05 versus HD,

## P < 0.001 versus HD

al determined the ability of thymol to decrease changes
in lipid metabolism, tachycardia, ECG, apoptosis, and
cardiac hypertrophy caused by myocardial infarction (MI)
induced by isoproterenol in rats. Their results showed that
thymol decreased lipid metabolism changes through its
anti-tachycardia, anti-hypertrophic, antiapoptotic, and
antihyperlipidemic effects (42); however, that study used a
different model from the one in the present work.

The oxidation of LDL particles occurs in the sub-
intima and in areas with high oxidative stress, such as the
accumulation of polymorphonuclear cells, after entering
into the area under the intima, they attach to proteoglycan
of that area through apo B100 ligand, and they were
trapped and oxidized by ROS resulted from peroxidation
of arachidonic acid in platelets and macrophages
respiratory explosion, in the different degrees in various
lipid and protein areas such as apo B100 (43) and create
the minimally modified LDL (MMLDL) oxidation with
poor oxidation of LDL or OxLDL (LDL with complete
oxidation). By increasing the degree of LDL oxidation,
these particles away more from the normal metabolism
of LDL (44). Thus, after being converted to OxLDL, they
are unable to use classic clathrin receivers and become
exclusively connected to the recipient of the hyper-family
of TLR and LOX-1 on macrophages under the intima
and thereafter are phagocytized by macrophages (45). By
ingesting large quantities of OxLDL, these macrophages
are converted into foamy cells, and different routes of
apoptosis and inflammation are activated in them. The
cells are eventually lysed, and only one core lipid with a
number of macrophage carcasses remains in the atheroma
area such that some OxLDLs reenter the general blood
circulation (46).

Treatment with a high-cholesterol diet following by
increasing the lipids and oxidative stress was along with
increasing blood vessel inflammation and programmed
apoptosis of carotid cells. The present study on arterial
inflammation indicators, such as p-p38 and apoptotic
indices, including activation (breaking) of caspase 3
and expression of Bcl2, has shown that the p-p38 and
cleaved caspase 3 in the rat model increased, whereas the
antiapoptotic Bcl2 protein level decreased. In addition,
our results indicated that after 8 weeks of treatment with
thymol, the inflammatory and apoptotic effects induced
by a high-cholesterol diet were decreased (33-35). Thus,
there was a significant decrease in p-p38 and cleaved
caspase 3 and an increase in the level of antiapoptotic
Bcl2 protein. Taken together, these results suggest that the
consumption of thymol decreased the inflammation and
cell apoptosis caused by a high-cholesterol diet.

The increase in inflammation and cell apoptosis induced
by a high-cholesterol diet has been proven in numerous
studies (47,48). The induction of hyperlipidemia in New
Zealand white rabbits resulted in an increase in intima
thickness, serum lipid variables, and different markers
of inflammation and pro-inflammatory cytokines, a
finding that is consistent with the results of our study
(25). In addition, Liang et al showed an inhibitory effect
of thymol on the inflammatory response induced by
lipopolysaccharides by decreasing the signaling pathway
of NF-kB and MAPK in mouse mammary epithelial
cells (mMECs). Studies have also confirmed that thymol
inhibits the p-p38MAPK, IkBa, NF-Kb, p65, ERK1/2,
and c-JNK in mMECs (49). OxLDL particles cause
the movement of Ras from the cytoplasm to the cell
membrane and thereby activates at least three types of

190 | Crescent Journal of Medical and Biological Sciences, Vol. 4, No. 4, October 2017



Bayatmakoo et al

Thr/Thykinase, (MKK3, MKK4/SEK1, and MKKS®),
which cause the phosphorylation and activation of P38
in the downstream (50). The anti-inflammatory effect
of thymol has also been observed in the inhibition of
inflammatory edema and leukocyte migration in male rats
(51). Another study on a rat model of infarction induced
by isoproterenol showed a simultaneous decrease in the
expression of Bcl-2 and an increase in the proapoptotic
bax gene in myocardial tissue; a significant protective
effect of thymol was reported to mitigate the changes (42).
Thymol has also been found to prevent cardiac toxicity
induced by doxorubicin (DOX) by decreasing oxidative
stress, inflammation, and apoptosis. DOX causes a sharp
decrease in the activity of catalase, SOD, and glutathione
and an increase in the quantity of heart MDA products;
these compounds participate in the generation of oxidative
stress and increases the production of ROS. In the present
study, the pretreatment and preventive roles of thymol on
lactate dehydrogenase (LDH), aspartate aminotransferase
(AST), creatine phosphokinase (CPK), and TNF-a serum,
as well as the decrease of caspase-3 in heart tissue, were
clarified. Moreover, this effect occurred along with a
sharp decrease in lipid peroxidation, as determined by
the amount of MDA, an increase in glutathione, and an
increase in catalase and SOD activity in cardiac tissue (52).
Although these results are apparently not in accordance
with the effect of thymol on HL-60 (acute promyelocytic
leukemia) cancer cells, which showed a decrease in Bcl2
expression and an increase in Bax, in DNA fragmentation,
in the activity of caspases 3 and 9, and in the clearance
of ROS in dose-dependent conditions (53). However, it is
important to note that in both models, the ROS levels were
decreased by thymol. It seems that thymol, by adjusting
the ROS levels in physiologic amounts, plays a protective
role against oxidative conditions.

Similarly to our study, the results obtained from the
antioxidant and antioxidant profiles showed that thymol
had no significant effect on the activity of the antioxidant
enzymes GPx and SOD. However, it caused an increase in
the TAC in peripheral blood and a decrease in the serum
levels of MDA. Confirming the results of the current
study, an anti-study of the oxidation effects of T. vulgaris
(which is rich in thymol) on oxidative stress induced
by aflatoxin in male rats showed that T. vulgaris extract
increased the TAC and thereby prevented aflatoxin effects
(22). Evaluating oxidative stress in ova albumin-induced
asthma in mice and estimating the antioxidant effect of
thyme and thymol confirmed that thyme and thymol have
increased the amount of GPx and SOD in the body and
have reduced MDA (54). The protective effect of thymol
isolated from Thymus quinquecostatus Celak against
oxidative injuries induced by tert-butyl hydroperoxide
(t-BHP) in liver cells showed that thymol inhibited cell
injury by preventing oxidative stress induced by decreasing
ROS and MDA and increasing glutathione (55).

Oxidative stress is associated with the number of
free radicals in the body, which inhibit the activity and
safety level of antioxidants, or is defined by an increased

amount of MDA, decreased activity of SOD, catalase,
and GSH-PX, and decreased TAC. The total antioxidant
capacity includes the enzymes of antioxidants and other
substances, such as vitamins C and E, uric acid, and any
other materials, such as carvacrol, thymol, and other
polyphenols, with the ability for ROS clearance. An
increase in total antioxidants, along with a decrease in
MDA and no change in antioxidant activity, reflects the
fact that thymol contains substances that directly impact
the clearance of oxidative agents and that this effect
is independent of the activity of antioxidant enzymes.
Previous studies have also shown the direct effect of
thymol on the clearance of ROS.

It is necessary to note that in all the tests carried out,
thymol, at the specific dose given, had no particular effect
on the control group, thus confirming to some extent the
safety of this compound for normal cells. In general, the
results of this study indicate that the anti-inflammatory
and antiapoptotic effects of thymol can be somewhat
correlated with a decrease in OxLDL, which is followed
by a decrease in oxidative stress. Considering that thymol
did not significantly decrease the levels of LDL-C, it thus
seems more reasonable to attribute the inflammatory and
antiapoptotic effects of thymol to its antioxidant property.

Conclusion

The results of the present study show that thymol
significantly decreases the apoptotic and inflammatory
effects induced by hypercholesterolemia in rat carotid
tissue and that this decrease is possibly associated with
a direct antioxidant effect of thymol. Therefore, because
of its antioxidant, anti-inflammatory, and antiapoptotic
effects, thymol as a food supplement could be considered
as a modulator of vascular damage resulting from
hypercholesterolemia. However, further studies are
needed to clarify the other effects of this compound.
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