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Abstract
Background and purpose: High-fat diet (HFD) is one risk factor in some

disorders and increases oxidative stress. The use of carvacrol and voluntary
exercise can be profitable. This study was thus conducted to evaluate the
single and combined effects between carvacrol and voluntary exercise on
gene expression in hippocampus of male rats fed with high-fat diet.

Methods: A total number of 60 adult Wistar male rats were divided into 5

groups: 1) Healthy control, 2) HFD group, 3) VE group that received HFD

plus voluntary exercise, 4) Carvacrol group received HFD plus Carvacrol
and 5) VE+ Carvacrol group that received HFD plus Carvacrol and
voluntary exercise. Gene expression of hippocampal brain-derived
neurotrophic factor (BDNF), Tropomyosin receptor kinase B (Trk-B),
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synapsin I and Cyclic AMP-Response Element Binding protein (CREB) were
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investigated.

and CREB, but inclusion of carvacrol and the use of voluntary exercise

could significantly increased gene expression of BDNF, Trk-B, synapsin I
and CREB (P<0.05). The best responses were observed in animals fed with
carvacrol in along to voluntary exercise (P<0.05).

Conclusion: It can be concluded that carvacrol and voluntary exercise can

improve gene expression of BDNF, Trk-B, synapsin I and CREB in rats fed
with HFD. It is thus recommended to use of the Carvacrol and voluntary
exercise in peoples that consume HFD.

Keywords:

ISSN: 2626-3041

BDNF,

Carvacrol,

Exercise,

diet,

Rat

VOLUME 2 | NUMBER 1 | DECEMBER 2018

http://gmedicine.de

Email: info@gmedicine.de

Publisher: GMJ Medical Press, LLC, Germany

High-fat

GMJ Medicine Publication Office, GMJ Medical Press, LLC, Frankfurt, Germany

89

Baratashvili et al.,

Introduction

I

t is evident that life style and nutritional
condition can have significant roles in
public health, neuronal activity, memory,
and learning in all the life-span of the

peoples [1]. The high-fat diet (HFD) is one risk factor
in some disorders including dyslipidemia and
obesity [2]. There was positive correlation between
body structure, adiponectin, and bone variables in
animals fed with a HFD diet [3]. Obesity is
significantly increasing, especially in the developed
and developing countries which could increase the
risk of cardiovascular disease and neurological
disorders [4, 5]. The HFD can fault hippocampal
long-term potentiating in the granular cells of the
dentate gyrus and also change neurogenesis in the
hippocampus region [6, 7]. It is shown that
consumption of HFD could disrupt hippocampal
neurogenesis byincreased serum corticosterone. It
also reduces some newly generated cells in the
dentate gyrus and the level of hippocampal brainderived neurotrophic factor (BDNF) [8]. The BDNF is
one of growth factors that encourage neuronal
survival and synaptic plasticity by its contact with
Tropomyosin receptor kinase B (Trk-B) [9]. BDNF
influences

neuronal

plasticity

through

some

molecules including synapsin I and Cyclic AMPResponse Element Binding protein (CREB). Synapsin
I plays a significant role in synaptogenesis and
axonogenesis

which

affects

synaptic

vesicle

exocytosis, and has a mediation role in modulation
of BDNF for release of neurotransmitter [10, 11].
Some studies reported that oxidative stress has a
significant role in the HFD-induced neurotoxicity
[12-14].

Oxidative

stress

produces

hydroxyl

radicals, lipid peroxidation, and finally causes
apoptotic cell death.
Carvacrol is one phenol which is broadly found in
some

plant

pharmacological

species

[15].

properties

It
such

has

some

as

anti-

inflammatory [16] and antioxidant [17] that may be
profitable in animals fed with HFD. On the other

hand, exercise regimens are extensively used for
improvement of neurological defaults [18] levels of
BDNF [19], neurogenesis [20] and synaptic plasticity
[21]. We believed that carvacrol and voluntary
exercise, in combination form, could influence gene
expression in hippocampus of rats fed with high-fat
diets by influencing on BDNF and antioxidant
properties. This study was thus conducted to
evaluate the effects of carvacrol and voluntary
exercise on gene expression in hippocampus of rats
fed with HFD.

Materials and methods
Animals and diets
A total number of 60 adult Wistar male rats with
initial weight of 140±5 g and 4 to 6 Weeks of age
were used. The experimental condition included
temperature of 22±2°C, relative humidity of 55±5%,
and a light diet of 12-hour light/12-hour dark
cycle.

Carvacrol

was

purchased

from

Fluka,

Chemika, Sigma- Aldrich (St Quentin Fallavier,
France). It was administrated in dose of 10 mg/kg in
oral form as recommended by previous studies [17].
Animals in the voluntary exercise group had free
access to a cage that was equipped with a running
wheel, as recommended by others [19]. The rats
were randomly assigned to the following groups:
Animals were grouped into five groups:
1- Intact animals that received a

standard

laboratory diet.
2- The HFD group received HFD (D12492) for nine
weeks as suggested by previous studies [22].
3- VE group that received HFD plus voluntary
exercise.
4- Carvacrol group received HFD plus Carvacrol.
5- VE+ Carvacrol group that received HFD plus
Carvacrol and voluntary exercise. Body weight
changes were recorded in initial and end of trial.
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Preparation for molecular studies
In the end of study, the animals were killed and their

3′), Trkβ, forward (5′- TATGCCGTGGTGGTGATTG-

brain was separated. The hippocampus were

3′) and reverse (5′-TGGAGATGTGGTGGAGAGG-3′),

dissected out on ice, stored in liquid nitrogen, and

SynapsinI, forward (5′- CTCAGCAGCACAACATACC-3′)

kept in the -80°C for future uses. The hippocampus

and reverse (5′-TTCTGGACACGCACATCG-3′),CREB

were used for real time polymerase chain reaction

forward (5′- CCAGAAGATGAAGCGAGTC-3′) and

(RT-PCR). The primers sequences were BDNF,

reverse

forward (5′- GATTAGGTGGCTTCATAGGAGAC-3′)

GAPDH forward (5′- TTCAACGGCACAGTCAAGG-

and reverse (5′- AGAACAGAACAGAACAGAACAGG-

3′) and reverse (5′- CTCAGCACCAGCATCACC-3′).

(5′-TTGATGTTGAGGCAGAAGG-3′)

and

Statistical Analysis
Statistical analyses of the results were conducted by the SPSS software. The data was reported as mean± SD and
analyzed by the one-way analysis of variance (ANOVA) and Tukey post-hoc comparison. Values of P<0.05 were
reported as significant.

Results
Body weight
Effects of carvacrol and voluntary exercise on body weight of rats fed with HFD are shown in Figure 1. Rats fed
with HFD showed higher body weight in comparison to control group (P<0.05). The use of carvacrol and
voluntary exercise significantly decreased body weight in comparison to control group (P<0.05), especially in
combined form (P<0.05).

Figure 1 Effects of carvacrol and voluntary exercise on body weight of rats fed with HFD. Superscripts (a-c) show significant
difference between groups at level of 0.05.

Gene expression
Effects of carvacrol and voluntary exercise on gene
expression of rats fed with HFD are illustrated in
Figure 2. HFD significantly reduced expression of
BDNF, Trk-B, synapsin I and CREB (P<0.05) in
comparison to control group (P<0.05), but oral

supplementing of carvacrol and voluntary exercise,
singly and specially in combination form, could
increase gene expression of BDNF, Trk-B, synapsin I
and CREB (P<0.05).
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Figure 2 Effects of carvacrol and voluntary exercise on molecular profile in hippocampus of male rats fed with HFD

Discussion
HFD significantly increased body weight in animals.
Rats fed with HFD consume high levels of food and
obtain significant energy; resulting in higher body
weight. Increased body weight could be attributed to
adipose tissue mass. Leptin as one adipocyte-derived
hormone controls feed consumption and energy
metabolism [23]. It was reported that plasma levels
of leptin increases with increasing body fat mass
[24]. It is known that voluntary wheel-running
activity influences body weights, but its efficiency on
body composition were influenced by genetic
structure [25]. On the other hand, carvacrol
decreases body weight due to its role on prevention
of

3-hydroxy-3-methylglutaryl

coenzyme

A

reductase and the rate controlling enzyme of the
cholesterol synthetic pathway [26]. Thus, the both
have synergistic interaction on body weight and can
improve body weight. It is also attributed to gene
expression, as will be discussed. HFD decreased
expression of BDNF and Trk-B, but carvacrol and
voluntary exercise increased expression of BDNF. It
is well known that decreased hypothalamic of BDNF
is involved in energy homeostasis and influences
feed consumption and

promotes anorectic signaling [27]. In the other
words,

BDNF

haploinsufficiency

[28,

29]

or

missense mutations in its receptor (Trk-B) [30, 31],
are related with hyperfagia, and obesity both in
human and in the animal models. Administration of
BDNF in an animal model of obesity and type 2
diabetes mellitus controls normal feed consumption
induces weight loss and reduces insulin resistance
[32, 33]. It means that BDNF faulted in the brain
induced a metabotropic faulted and caused to
obesity [34, 35]. Previous studies have showed that
voluntary exercise increased levels of BDNF [19].
Carvacrol improved BDNF and Trk-B levels but its
mechanism is not known. It might be attributed to
antioxidant properties of carvacrol that prevents
oxidation of BDNF. Carvacrol and voluntary exercise
increased levels of CREB and synapsin I. Synapsin I
acts in synaptogenesis and axonogenesis that
influences synaptic vesicle exocytosis, and acts as a
mediator role production of BDNF for release of
neurotransmitter [10, 11]. Mechanism of action is
still unknown and needs future investigations.
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