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Abstract

Background: A Brief interruption of blood supply to the brain can cause significant changes in the function of central nervous sys-
tem. Patients usually show cognitive, emotional and electrophysiological changes during recovery from stroke. Preliminary phar-
macokinetic studies have shown that Thymus vulgaris is useful in the treatment of seizures, respiratory diseases, smooth muscular
spasm and bloating.
Methods: In an experimental study, for inducing temporary acute ischemia carotid artery was closed for 60 minutes and then blood
flow was restored. Thyme extract (50, 100 and 200 mg/kg) was injected daily after induction of ischemia. Shuttle box test was carried
out for the first 4 days and rotarod test was conducted at the last day. After the rotarod test, blood samples were collected from heart
and brain tissue was removed under deep anesthesia. One way- ANOVA followed by Tukey and t-paired tests were used for comparing
the groups at 0.05 level of significance. All data were analyzed by using the statistical package for social sciences (SPSS-19) software.
Results: In passive avoidance test, the initial latency time was significantly longer in the ischemia group compared to the control
group. Administration of thyme extract into ischemic rats significantly increased second latency time and reduced MDA levels of
brain cortex.
Conclusions: Our results indicated that Thymus vulgaris extract has a neuroprotective activity. Mechanisms of neuroprotective ac-
tion might be associated with antioxidant activity and inhibition of oxidative stress in rat brain.
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1. Background

The rate of cerebral ischemia, the dominate cause of
disability, is rising sharply [1]. Brain tissue is very sensi-
tive to ischemia because of high metabolism and oxygen
consumption [2]. Two cellular response occurs during is-
chemic injury [3].

1- Acute response: reduced energy supply and pro-
duction of free radicals. Due to low brain oxygen lev-
els anaerobic glycolysis occurs which is insufficient en-
ergy supply [4]. Reduced energy supply may lead to some
harmful biochemical cascades. Free radicals and gener-
ated prostaglandins will attack membrane polyunsatu-
rated fatty acid (PUFA) which cause damage to cellular
membrane and increase its permeability. Mitochondrial
respiratory chain is the main source of reactive oxygen
species (ROS) and its destruction can lead to necrotic cell
death. Endothelial cell death is responsible for the blood-
brain barrier breakdown and cerebral edema [5, 6].

2- Delayed response to ischemia: a second wave of cell
death in response to ischemia may occur through release
of inflammatory mediators. During ischemia activated mi-
croglia will produce inflammatory cytokines such as TNFα
(tumor necrosis factor), IL-1β and cytotoxic molecules such

as NO and ROS [7, 8]. Astrocytes are also able to produce
inflammatory factors such as cytokines, chemokines and
NOS (nitric oxide synthetase). Increased consumption of
antioxidants has been shown to improve spatial learning
and long term potentiation (LTP) induction in mice with
Alzheimer’s disease [9, 10].

From the beginning of human existence, humans iden-
tified and used medicinal plant for treatment of vari-
ous diseases. Unlike synthetic drugs, drugs derived from
herbal medicine are natural. They play an important role
in improving physiological function and treating disor-
ders [11].

Thyme (Thymus vulgaris) has been used in traditional
medicine for centuries and recorded in world major phar-
macopoeia as an effective herbal medicine [12]. The leaves
of this plant contain 1% - 2.5% essential oil. Thymol (20%
- 55%) and Carvacrol (1% - 10%) are the main components
of essential oil. Other components include linalool, p-
cymene andα-pinene. Thymus vulgaris is a medicinal plant
of the mint family. This plant is a short and ramous shrub
which has thin and mutual leaves. Thymol is an active in-
gredient of plant that stimulates brain and improves mem-
ory. Thyme tea helps for strengthening the mind, disinfect-
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ing the respiratory tract and sinuses and treating asthma
and bronchitis. Ancient Greek physicians recommended
thyme tea for preventing and treating brain disorders [13].

Oxidative stress is associated with increased produc-
tion of nitric oxide and superoxide. Disruption in their
production and metabolism can result in pathological
damage [14]. Antioxidant compounds have been investi-
gated in a number of in vitro and in vivo experimental
models, some of them also investigated in clinical trials [15-
17].

Aim of this study was to evaluate the neuroprotective
effect of thyme extract on learning, memory and biochem-
ical factors fallowing cerebral ischemia in rats.

2. Methods

2.1. Preparation of the Extract:

Thymus vulgaris were purchased from medicinal herbs
store. 25 g of milled plant was placed in 70% ethanol for 72
hours. The solution was stirred several times per day. The
mixture was then filtered and dried. The dried residue was
dissolved in water and stored at 4°C until use [18].

2.2. Experimental Animal

In an experimental study, 42 male Wistar rats (mean
weight: 250 - 300 g) were purchased from the animal cen-
ter of Ahwaz university and housed in stainless steel cages
in a ventilated animal room. They were kept at a tempera-
ture of 22 ± 2°C under 12 hours light/12 hours dark cycle
with free access to food and water. All animal handling
and manipulation procedures were performed according
to the guideline of the animal welfare act and the exper-
imental protocols were approved by the office of research
ethics committee of university of Ahwaz. Rats were divided
randomly into 6 groups, each group consist of seven ani-
mals:

Control group (n = 7): Rats received only distilled water
without any surgical operation and drug treatment

Sham group (n = 7): Rats underwent surgery without
ligation of carotid arteries and received no drug treatment

Ischemic group (n = 7): Rats underwent ischemia and
received only distilled water

Thyme extract-treated group (n = 7): Rats underwent is-
chemia and received thyme extract at a dose of 50 mg/ kg
intraperitoneally

Thyme extract-treated group (n = 7): Rats underwent is-
chemia and received thyme extract at a dose of 100 mg/ kg
intraperitoneally

Thyme extract-treated group (n = 7): Rats underwent is-
chemia and received thyme extract at a dose of 200 mg/ kg
intraperitoneally

2.3. Induction of Ischemia

Male Wistar rats were anesthetized by intraperitoneal
injection of chloral hydrate (400 mg/kg). After anesthe-
sia, a midline incision was made on the anterior region
of the neck to expose carotid artery and then common
carotid arteries were identified and isolated carefully from
vagosympathetic nerve. For inducing of temporary acute
ischemia carotid artery was closed for 60 minutes and then
blood flow was restored. During the surgical procedure,
body temperature was maintained at 37°C by a heating
lamp. This surgical method produces sufficient forebrain
ischemia in rats.

Thyme extract was injected daily after induction of is-
chemia. Shuttle box test was carried out for the first 4 days
and rotarod test was conducted at the last day. After the
rotarod test, blood samples were collected from heart and
brain tissue was removed under deep anesthesia. After re-
moval of the brain, hippocampus and cerebral cortex were
separated on ice and used for biochemical analysis. Blood
was centrifuged and serum was separated and used for bio-
chemical analysis [14].

2.4. Passive Avoidance Test

Shuttle box consists of two equally sized compart-
ments with a guillotine door. An electric light bulb illumi-
nates one compartment while the other remains in dark.
Each compartment has a metal floor designed to admin-
ister an electric shock. This test was based on the fear
and performed on 4 consecutive days. At first, device was
cleaned and test began. First and second days were per-
formed for training and familiarity of the animals. During
training, the animal was placed in the light chamber for
5 minutes and then guillotine door was opened, typically,
the animal went to the dark chamber and stayed in there
for 5 minutes. On the third day, animal was placed in the
light chamber and after 20 seconds door was opened and
the latency of mouse to enter into the dark chamber was
recorded as initial latency (T1). When the animal entered
the dark chamber, the door was lowered and a foot shock
(0.1 mA, 1 second, one time) was applied through the grid
floor. At the end of this interval, animal was placed in the
light chamber one more and its latency to leave the cham-
ber was recorded as second latency [14].

2.5. Psychological Motor Coordination Tests

Motor coordination and balance were tested using Ro-
tarod apparatus. At first mice were placed on the rotating
drum of rotarod and trained to walk. Rotarod has a rotat-
ing drum with a rotation speed of 0 - 40 rpm. This device
has a belt and speed can be adjusted by changing its po-
sition. In this study rotating speed was 10 rpm and grab
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was 7 rpm2. Mice in each extract treated groups or con-
trol group were placed on an accelerating drum of rotarod
which rotated for a maximum of 300 seconds and the time
that mice maintain their balance were recorded. This was
repeated three times for each mouse and their mean was
calculated [19].

2.6. Measurement of Plasma Antioxidant Capacity

Three solutions were used for this purpose. Solution 1:
1.5 mL of sodium acetate and 8 mL of concentrated acetic
acid which diluted to 5000 mL with distilled water. Solu-
tion 2: 270 mg of ferric chloride 3 that diluted to a volume
of 50 mL with distilled water. Solution 3: 47 mg of treeazin
which dissolved in 40 mL of HCL. Working solution was
prepared from 10 mL of solution 1, 1 mL of solution 2 and
1 mL of solution 3. 25 microliters of serum samples was
added to 5.1 mL of working solution. The mixture was incu-
bated at 37°C for 15 minute and then absorbance was mea-
sured at 593 nm.

2.7. Measurement of Brain Antioxidant Capacity

The antioxidant capacity of brain was determined by
measuring its ability to reduce Fe3+ to Fe2+ using ferric re-
ducing antioxidant power (FRAP) assay. FRAP working so-
lution was prepared by mixing 25 mL of acetate buffer, 2.5
mL of TPTZ (2, 4, 6-tripyridyl-s-triazine) and 2.5 mL of FeCl3.
The brain was removed, homogenized and centrifuged at
1000 g. After which the supernatant was used to evaluate
the antioxidant power. 50 mL of supernatant was added
to 5.1 mL of freshly prepared FRAP working solution. After
10 minutes, Fe3+ TPTZ complex was reduced to the ferrous
(Fe2+) form which produced an intense blue color. The ab-
sorbance of mixture was measured at 590 nm.

2.8. Measurement of Plasma Malondialdehyde (MDA)

Blood samples were collected and then centrifuged at
10000 rpm to separate plasma. 50 microliters of plasma
were mixed with 50 µL of 0.05% BHT, 400 µL of 0.44 M
H3PO4 and 100 µL of TBA. After vortexing, the mixture was
heated at 100°C for 1 hours and then cooled at 0 for 5 min-
utes. After that, mixture was mixed with butanol and vor-
texed. After centrifuging (14000 rpm for 5 minutes) the ab-
sorbance of the supernatant was measured at 532 nm.

2.9. Measurement of Brain Malondialdehyde (MDA)

Brain tissue (1 g) was homogenized in chilled 5.2% KCL
at 1:10 w/v ratio and transferred into a 20 mL tube. The tube
was incubated for 60 minutes at 37°C. After incubation, the
suspension was mixed with 1 mL of 5% tetrachloroacetic
acids and 1 mL of 67% TBA (thiobarbituric acid) and cen-
trifuged for 15 minutes at 2000 rpm. The supernatant was

transferred into a new tube and heated in water bath for
10 minutes. Then the suspension was cooled and its ab-
sorbance was measured at 535 nm [14].

2.10. Measurement of Serum Nitrate Level

Nitrate level of brain serum was estimated by the
method described by Navarro et al. Measurement of ni-
trate is based on the reduction of nitrate to nitrite by
cadmium. Samples were deproteinized using zinc sul-
fate and sodium hydroxide solutions. After centrifugation,
the supernatant was saved and mixed with glycine buffer.
Cadmium granules were activated by a CuSO4 solution in
glycine buffer. Freshly activated cadmium granules were
added to pretreated deproteinized serum and stirred for
10 minutes. After that time, the resulting solution was
transferred to a new tube and mixed with Griess reagent.
Then it was incubated for 10 minutes in the dark at room
temperature. Finally, Griess2 reagent was added and the
absorbance was measured spectro-photometrically at 540
nm [14].

2.11. Determination of Antioxidant Activity of Thymus vulgaris

Thyme extract and BHT stock solutions (1.0 mg/mL in
ethanol) were diluted to final concentrations of 20, 40,
60, 80 and 100 µg/mL. 2 mL of DPPH solution (0.1 mM in
ethanol) was added to BHT and thyme extract solutions at
different concentrations and allowed to react at room tem-
perature in dark. After 15 minutes the absorbance values
were measured at 517 nm and converted into the percent-
age antioxidant activity using the following formula

I (%) = 100 × (Acontrol - Asample)/Acontrol

The antioxidant activity was expressed as IC50 (the con-
centration of extract required to inhibit the formation of
DPPH radical by 50%). The data was plotted by taking con-
centration on X-axis and percentage inhibition on Y-axis

2.12. Determination of Total Phenolic Compounds

Total phenolic compounds were determined using a
modified version of the Folin-Ciocalteu method. 0.1 mL
of diluted extract (0.01 g in 10 mL of 60°C methanol) was
added to 0.5 mL of Folin-Ciocalteu reagent. After 5 minutes,
0.4 mL of 7.5% sodium carbonate was added to the mixture.
The absorbance of colored solution was read after 30 min-
utes of incubation against reagent blank and distilled wa-
ter. A standard curve was plotted using different concen-
trations of gallic acid. The absorbance of sample was com-
pared with the standard curve and amount of phenols was
obtained based on mg/g in gallic acid equivalent [14].
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2.13. Determination of Total Flavonoid and Flavonol Contents

The amount of total flavonoids in the Thymus vulgaris
extract was determined using the colorimetric method.
Briefly, 0.5 mL of thyme extract solution (0.01 g in 10 mL of
60°C methanol) was mixed with 1 mL of 2% aluminum chlo-
ride and 6 mL of 5% potassium acetate. The mixture was
left at room temperature for 40 minutes. The absorbance
of the reaction mixture was then measured at 415 nm. The
aluminum chloride colorimetric method was employed
for flavonol determination, but the incubation period was
150 minutes and the absorbance of the reaction mixture
was determined at 440 nm. Total flavonoids and flavonols
were expressed in terms of rutin equivalent (mg/g), which
is a common reference compound [14].

2.14. Statistical Analysis

One way- ANOVA followed by Tukey and t-paired tests
were used for comparing the groups at 0.05 level of signif-
icance. All data were analyzed by using the statistical pack-
age for social sciences (SPSS-19) software and were summa-
rized and expressed as mean and standard error (mean ±
SEM).

3. Results

3.1. Passive Avoidance Test

Comparison of the initial latency time (T1) in Figure 1
shows that the initial latency time was significantly longer
in the ischemia group compared to the control group (P <
0.001). The initial latency time (T1) in the control group was
also significantly shorter than the other groups (P < 0.001).
Results of passive avoidance test also showed that initial
delay in all ischemic groups receiving Thymus vulgaris ex-
tract reduced compared with ischemic group, but this re-
duction was not significant.

According to our results, step through latency time to
enter the dark room after induction of shock (T2), in the is-
chemic group was shorter than that in the control group
however this was not significant. Administration of dif-
ferent doses of Thymus vulgaris extract into the ischemic
groups, increased step through latency time compared to
the ischemic group but this increase was not significant (P
= 0.125).

3.2. Psychological Motor Coordination Tests

In psychological motor coordination tests, our results
revealed significantly higher balance in the control group
compared with the ischemic group. Thymus vulgaris at
doses of 100 and 200 mg/kg significantly improved bal-
ance compared to the ischemia group.
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Figure 1. Comparison of Initial Latency Time (T1) Between Experimental Groups A:
Significant Differences Between Ischemic Group and Other Groups (Shame and Con-
trol Groups) B: Significant Differences Between Control Group and Other Groups

There was significant difference between ischemia
group and other groups including control, sham and
thyme extract (100 and 200 mg/kg) treated group (P <
0.001, Figure 3). There was also significant difference be-
tween control and other groups including ischemic, sham
and thyme extract (50 and 100mg/kg) treated group (P <
0.001, Figure 3). Thymus vulgaris extract at a dose of 50
mg/kg had not any beneficial effect on balance Figure 2.
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Figure 2. Comparison of Balance Between Experimental Groups a: Significant Dif-
ference Between Ischemia Group and Other Groups Including Control, Sham and
Thyme Extract (100 and 200 mg/kg) Treated B: Significant Difference Between Con-
trol and Other Groups Including Ischemic, Sham and Thyme Extract (50 and 100
mg/kg) Treated Group

3.3. Brain and Plasma Antioxidant Capacity

According to results administration of different doses
of Thymus vulgaris extract in the ischemic groups increased
antioxidant capacity of brain (hippocampus and cortex)
and plasma compared to the ischemic group, but this in-
crease was not significant (P > 0.5).
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Figure 3. MDA Level of Cortex in the Experimental Groups A: Significant Difference
Between Control and Ischemic Group B: Significant Difference Between Ischemic
Group and Other Groups

3.4. MDA Level of Brain

In the present study, increase in the MDA activity of cor-
tex was observed in ischemic group when compared with
the control group (P < 0.0001). According to Figure 3, MDA
levels of cortex were found to be increased in thyme extract
treated groups in comparison with the ischemic group (P
< 0.0001).

3.5. MDA Level of Plasma

MDA levels of plasma in the ischemic group was signifi-
cantly higher than that in the control group (P = 0.003). Ad-
ministration of Thymus vulgaris extract into the ischemic
groups significantly decreased MDA levels of serum (P <
0.005) (Figure 4).
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Figure 4. MDA Level of Plasma in the Experimental Groups A: Significant Difference
Between Control and Ischemic Group B: Significant Difference Between Ischemic
Group and Extract Treated Group

3.6. Nitrate Level of Serum

Serum nitrate level was higher in ischemic group than
that in control group (not significant). Administration of

thyme extract (50, 100 and 200 mg/kg) to ischemic groups
reduced serum nitrate levels in comparison with the is-
chemia group, however, these reduction were not signifi-
cant (P = 0.184).

3.7. Antioxidant Capacity of Thymus vulgaris Extract

Table 1 shows the antioxidant capacity of thyme ex-
tract in DPPH method. The IC50 of thyme extract was 63.72
µg/mL.

Table 1. Antioxidant Capacity of Thymus vulgaris Extract

Concentration, µg/mL DPPH Radical Scavenging Activity Inhibition
IC50, %

0 0

10 9.4

20 16.4

30 23.4

40 31.6

50 39.6

60 48.5

70 56.9

80 64.9

90 70.94

100 72.82

3.8. Total Phenol, Flavonoids and Flavonol Contents of Thymus
Vulgaris Extract

Total phenolic, flavonoid and flavonol contents of the
Thymus vulgaris extracts were 290, 21.18 and 10.7 mg respec-
tively.

4. Discussion

In our study thyme extract treatment increased an-
tioxidant capacity of brain (hippocampus and cortex) and
plasma when compared with the ischemic group, more-
over MDA levels in brain (hippocampus and cortex) and
serum of extract treated rats were significantly lower than
those in the ischemic group. We also observed that thyme
extract decreased serum NO levels.

Stroke is one of the most important causes of death
and disability of more than 75,000 individual annually.
Stroke is the third leading cause of death in the United
States after heart disease and cancer. Stroke may be respon-
sible for persist long-term disability. According to the WHO
estimates, 15 million people suffer stroke each year and
about 5 million of them become permanently disabled. So
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stroke has a great economic and social burden to society.
According to the statistics, one in every10 men and one in
every 8 women die each year from stroke [20]. Ischemia-
reperfusion (IR) undergoes a process called oxidative stress
which triggers ischemic injury.

Increase levels of reactive oxygen species (ROS) can in-
crease lipid peroxidation and MDA level which lead to neu-
ral cell death [21, 22]. During oxidation, endogenous and
exogenous oxidants react with saturated fatty acids and
produce peroxides which destroy myelin sheath, lipids, ge-
netic material and other membrane components [23].

The hippocampus plays an important role in the for-
mation of new memories and analysis of spatial data [24].
The hippocampus receives blood supply from the anterior
choroidal artery, a branch of internal carotid. This artery
is long and narrow which increases the risk of thrombo-
sis. Hippocampus is one of the first brain areas to become
damaged in the brain diseases such as Alzheimer’s, Hunt-
ington, epilepsy, stroke, ischemic and traumatic brain in-
jury [25]. Unilateral damage to the hippocampus may
lead to subsequent amnesia but bilateral damage does not
cause amnesia [26].

Specific types of neurons including pyramidal neurons
in the CA1 region of hippocampal are extremely vulnerable
to ischemia [27]. Destruction of CA1 pyramidal cells is the
most important feature of ischemia which can lead to cog-
nitive and behavioral defects such as memory impairment
and hyperactivity disorder [28]. Results of behavioral test-
ing showed that ischemia causes behavioral deficits. Time
delay for entering into the dark room (after induction of
shock) decreased in ischemic group compared with con-
trol group which shows animal inability to keep informa-
tion. Administration of thyme extract (50, 100 and 200
mg/kg) into ischemic rats increased second latency time
however this increase was not significant. Among these
doses 200 mg/kg showed highest and 50 mg/kg showed
lowest effect.

Comparison of balance between experimental groups
showed that balance in the ischemia group was signifi-
cantly lower than that in the control group. Moreover in
all ischemic groups receiving thyme extract balance was
higher than that in the control group.

Free radicals are an important therapeutic target in the
treatment of ischemic complications. Antioxidant com-
pounds such as polyphenols which are found in some
foods have been shown to reduce ischemic damage in an-
imal models [29]. Thyme tea has been shown to improve
symptoms of neurological disorder and its use is recom-
mended to all people with neurological disorders [30].

Kaledaite et al. (2011) investigate free radical scaveng-
ing activity of Thymus vulgaris and its effect on the ability
of mitochondria to generate free radicals. Thyme extract

showed strong antioxidant activity. Moreover liver mito-
chondria incubated with 0.1 mg of extract generated lower
radicals than control and mitochondria incubated with 1
mg of extracts generated smaller amounts of ROS than mi-
tochondria incubated with 0.1 mg of extract [31].

Koohi-Hosseinabadi et al. (2015) evaluated the
histopathological changes in the four vital organs of
diabetic and hyperlipidemic male rats after consumption
of thyme extract. In their study brain lesions disappeared
and declined after consumption of extract [32].

In Dursun et al. (2003) study treatment of rats with Thy-
mus vulgaris extract decreased amount of nitric oxide pro-
duced after burn injury. They suggested that thyme extract
may serve as a protective agent to the damaged tissues by
decreasing the NO level [33]. Meeran et al. (2012) evalu-
ates the protective effects of thymol (a main component
of thyme oil) on plasma lipid peroxidation. They observed
that treatment with thymol (7.5 mg/kg body weight) nor-
malizes levels of plasma lipid peroxidation products. They
also confirmed potent antioxidant activity of thymol [34].

Komaki et al. (2016) studied effect of extract of Thymus
vulgaris on anxiety in male rats. The results of the present
experiment indicate that T. vulgaris may have an anxiolytic
profile in rat behavior in the EPM (elevated plus-maze) test,
which is not influenced by the locomotor activity [35].

Some researches indicated the fact that phenolic com-
pounds were able to chelate metal ions. On the other hand,
complexation of plant extracts with metal ions results in a
significant reversal from antioxidant to pro-oxidant prop-
erties for the resulting complexes [36].

Even the drying methods of plants used for prepara-
tion of extracts could be responsible for the content of phe-
nolics and flavonoids, as well as for the antioxidant activity
of extracts and also their effects are dose dependent [37].

4.1. Conclusion

In conclusion, our results indicated that Thymus vul-
garis extract has neuroprotective activity. It ameliorates
oxidative stress and hippocampal neuronal damage after
transient global cerebral ischemia in rat. Thymus vulgaris
also increases antioxidant capacities of serum and brain
and decreases MDA levels of them. Further investigations
are needed to determine mechanisms of neuroprotective
effects.
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