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Introduction 

Pathological anxiety is one of the common mental dis-
orders in humans whose origin is unknown, including 
uncertainty, frustration and physiological excitation, 
and is accompanied by one or more physical problems 
such as nausea, chest tightness, palpitation, sweating, 
and headache (Mendlowicz  and Stein, 2000).  

It was demonstrated that stress and anxiety caused 

physical and mental diseases, impairment of function-

ing and coping potential, and ultimately lower quality 

of life (Mendlowicz and Stein, 2000). In addition, high 

levels of anxiety are associated with an increased inci-

dence of pulmonary and cardiovascular diseases, and 

other pathological conditions (Pitsavos et al., 2006). 

Studies show that dorsal hippocampus plays an impor-

tant role in controlling anxiety. It is widely associated 

with the septum, locus coeruleus, hypothalamus, and 

amygdala all of which are important centers of anxiety 

control in the brain (Millan, 2003). 

A complex network of neurological and endocrine 
systems causes the response to stress. Glucocorticoids 
are one of the most important compounds involved in 
stress, playing an important role in the modulation of 
memory and cognitive function. Glucocorticoids cause 
hippocampal atrophy, an important indicator of disea-
ses such as depression and post-traumatic stress (PTS), 
which are associated with high levels of cortisol. In 
addition, chronic stress is a major risk factor for Alzhei-
mer's disease, especially in the presence of genetic and 
environmental factors (Tatomir et al., 2014). The adrenal 
hormone that is produced due to stress, can affect the 
hippocampus structure. This has encouraged resear-
chers to investigate the relationship between stress and 
the hippocampus.  

Hippocampus responds quickly to stress because of its 
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Abstract 
The present study investigated the effect of H. officinalis essential oil on 
avoidance memory in chronic stress-induced. Mice were exposed to chronic 
immobilization stress and were treated with H. officinalis essential oil for 21 
days. Memory and learning were measured using shuttle box. The serum 
levels of corticosterone, malondialdehyde, antioxidant capacity, brain 
malondialdehyde level and antioxidant capacity were measured. Treatment 
with 75 mg/kg of H. officinalis essential oil caused a significant increase in t2 
duration under chronic stress. Serum and brain malondialdehyde levels 
significantly decreased under stress treated with 75 mg/kg of H. officinalis 
essential oil. Brain and serum antioxidant capacity significantly increased 
under stress treated with 75 mg/kg of H. officinalis essential oil. The group 
that received 75 mg/kg of H. officinalis essential oil (inside the restrainer) had 
insignificantly lower serum corticosterone levels. H. officinalis essential oil has 
anti-anxiety effects and can promote memory and learning under chronic 
immobilization stress.  
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high concentrations of glucocorticoid receptors (Con-
rad, 2010). Long-term exposure to stress or glucocorti-
coids causes many changes in the hippocampal struc-
ture, which includes changes in neurochemistry, excita-
bility, neurogenesis, neuronal morphology, and even 
cell death. These changes are also seen in other 
hippocampus-related structures especially amygdala 
(Luine et al., 1994). 

Recently, the role of oxidative stress has been demons-
trated in the pathogenesis of neurodegenerative and 
neuropsychiatric diseases such as schizophrenia, depre-
ssion, and anxiety. High oxygen consumption, high 
levels of unsaturated fatty acids, and relatively weak 
anti-oxidant defense system makes the brain highly 
vulnerable to oxidative stress. Oxidative stress to nu-
cleic acids, proteins, and lipids of the neuronal mem-
brane decreases permeability of the cell membrane, 
inactivates receptors, enzymes, and ion channels, and 
damages the neurons (Souza et al., 2007). According to 
studies, there is a close relationship between the expre-
ssion of genes involved in anti-oxidant metabolism and 
anxiety related phenotypes (Hovatta et al., 2005). 

In addition, oxidant-rich diets result in obesity, increa-
sed the oxidation of proteins and lipids in the frontal 
cortex, and anxiety-like behavior (Desrumaux et al., 
2005). The activation of oxidative stress pathway is 
another mechanism that should be considered for 
chronic stress of the brain different areas, which is 
activated due to increased corticosteroids in the 
hippocampus, amygdala and prefrontal cortex. There-
fore, the use of anti-oxidant compounds can be 
considered a therapeutic approach. Medicinal plants 
and their active compounds are rich sources of anti-
oxidant compounds. Although these compounds have 
other therapeutic mechanisms, alongside their anti-
oxidant effects, for treating certain diseases, they have 
not attracted much attention despite more convenient 
access, lower costs, and fewer side effects. The effects of 
various plants were investigated in preventing and 
treating the memory deficit or cognitive disorder due to 
stress.  

Hyssopus officinalis L. is an evergreen perennial herb, 
from family Lamiaceae with four species among which 
H. officinalis is the most important one. The vegetative 
body of this medicinal plant is used as a drug in most 
reliable pharmacopeia (Kreis et al., 1990). H. officinalis is 
used to treat viral infections such as common cold, sore 
throats, bronchitis, and asthma (Fathiazad and Hame-
deyazdan, 2011). It contains anti-inflammatory and 
antispasmodic agents and is effective to treat hyperten-
sion and diabetes. 

In addition to having pharmaceutical usages, H. office-
nalis extract and essential oil are used in various foods 
such as sauce, liqueurs and spicy spices (Najafpour-
navayi and Mirza, 2003). Research has shown that H. 

officinalis essential oil has antibacterial and anti-fungal 
effects (Dehghanzadeh et al., 2012). The essential 
oil concentration of H. officinalis vegetative body was 
reported to be 0.03-1 and 0.1-1.8% (Dzhumaev, 1981)
Pinocamphone (50%), alpha- and beta-pinene, cam-
phene, and sesquiterpene alcohols are the most impor-
tant compounds of H. officinalis essential oil. Besides 
that, its compounds body contains flavonoids, tannins 
(5-8%), bitter substances (3-6%), and other compounds 
such as dioxin, hyspin, and mucilaginous compounds 
(Dehghanzadeh et al., 2012). 

The purpose of this study was to investigate the effect 
of H. officinalis essential oil on chronic stress-induced 
memory and learning impairments in male mice.  
 

Materials and Methods 

Preparation of the H. officinalis essential oil 

To extract the essential oil, clavenger that works with 
water distillation was used. A pulverized H. officinalis 
sample of 142 g was weighed using an analytical scale, 
and transferred to a 3L balloon connected to the claven-
ger. 1500 mL distilled water was added to balloon 
containing pulverized H. officinalis. Extraction was 
conducted within 4 hours and the essential oil was 
collected and dehydrated using water-free sodium 
sulfate. The resulting essential oil was stored at -20°C 
temperature in a freezer until it was introduced into a 
GC/MS kit. 

Animal tests  

Laboratory animals 

Ninety adult male BALB/c mice (weighing 20-30 g) 
were selected and maintained under 12 hours light/
darkness at appropriate 25°C temperature with free 
access to the same water and food. All experiments 
were performed in accordance with the Guide for the 
Care and Use of Laboratory Animals 

Chronic stress model 

To induce chronic stress, the mice were placed in a 
restrainer for 6 consecutive hours a day. The restrainer 
contained pores so that the mice could breathe easily. 
During this period, the mice fasted. This procedure 
continued for 21 days. Meanwhile, a control group was 
fasted for 6 hours (Xu et al., 2009). 

Animal groups 

Group 1 (control 1):  Mice under the restrainer-induced 
immobilization stress for 6 consecutive hours a day and 
intraperitoneally treated with normal saline for 21 days; 
Group 2 (control 2): Mice fasted (without apparatus) for 
6 consecutive hours a day and intraperitoneally treated 
with normal saline for 21 days; Group 3 (control 3): 
Healthy mice intraperitoneally receiving normal saline 
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alone (no apparatus) for 21 days; Groups 4-6 (treatment 
groups): Mice under restrainer- induced immobilization 
stress for 6 consecutive hours a day and intraperito-
neally treated with H. officinalis essential oil (25, 50 and 
75 mg/kg) for 21 days; Groups 7-9 (control): Healthy 
mice intraperitoneally treated with H. officinalis essen-
tial oil (25, 50 and 75 mg/kg) for 21 days. All groups 
were compared to control 1. 

Avoidance memory (shuttle box) test 

This apparatus consists of an electric shocker, a bright 
chamber, a dark chamber, and a 15-watt bulb. Its floor 
is made-up of a conductive metal grid and the two 
chambers are connected via a guillotine door. This fear-
based test was performed within four consecutive days. 

The 1st and 2nd days were specified to training the 
mouse and adapting them to the apparatus. On the first 
day, the mouse was  left in the bright chamber for 5 
min, then the sliding door between the light and dark 
chambers was opened, and the mouse entered the dark 
chamber voluntarily, remained there for 5 min, and 
finally left it. 

The procedure of the 2nd day was the same as that of 
the first day. When the mouse was left in the bright 
chamber on the third day, the guillotine door between 
the two chambers was removed 20 sec later and latency 
to enter the dark chamber was recorded and considered 
initial latency (t1). 

The mice entered the dark chamber, and an electrical 
shock (1 mA/sec) was exerted to the mice so that they 
only paddled, and left the apparatus. In this test, laten-
cy to enter the dark chamber was considered initial 
latency. 

The mouse remained in the bright chamber on the 4th 
day, and while turning the lamp on and opening the 
door, interval between being placed in the bright 
chamber and entering the dark chamber was measured 
(up to 300 sec) and considered delay through passing 
(t2) (Rabiei et al., 2015). 

Serum and brain anti-oxidant capacity 

Once the behavioral test was completed, the mice were 
anesthetized, heart blood samples were taken, and 
heart and the brain tissues were removed. Ferric 
reducing ability of powder is based on the ability of the 
serum to restore ferric ions in the presence of tripyridyl-
s-triazine, and the respective absorbance is recorded 
spectrophotometrically (Rabiei et al., 2015). 

Measuring serum malondialdehyde level  

In brief, 0.5 g of thiobarbituric acid was mixed with 80 
mL of acetic acid 20% whose pH was set at 3.5 by 
adding sodium hydroxide and its volume was diluted 
using 100 mL acetic acid 20%. 100 μL of serum sample 
was mixed with 100 μL of sodium dodecyle sulfate  

solution 8.1% and 2.5 mL of stock solution. The samples 
were placed in water bath bain marie for 1 hour, then 
cooled and centrifuged at 4,000 rpm. The optical absor-
bance of the supernatant was read at 523 nm wave-
length (Rabiei et al., 2014). 

Measuring brain malondialdehyde level  

One gram of the brain tissue was homogenized in 
cooled KCl 2.5% at 1:10 (weight-volume) and incubated 
in a metabolic incubator shaker at (37 ± 1)°C for 60 min. 
Then, 1 mL tetrachloroacetic acid 5% and 1 mL thiobar-
bituric acid 67% were added and mixed thoroughly. 
The solution of each vial was transferred to a centri-
fugation tube and centrifuged at 2000 rpm for 15 min. 
Then, the supernatant was transferred to another tube 
and placed in the water bath (bain marie). Ten minutes 
later, the test tubes were cooled and absorbance was 
read at 535 nm wavelength (Rabiei et al., 2014). 

Measuring serum corticosterone levels 

After the behavioral test was completed, the mice were 
anesthetized and heart blood samples were taken and 
serum was separated. A specific kit was used to mea-
sure corticosterone levels by colorimetric method using 
spectrophotometer according to the manufacturer's 
instructions. Results were reported in ng/mL. 

Statistical analysis 

Data analysis was conducted by SPSS 16. First, Kolmo-

gorov-Smirnov test was used to investigate the norma-

lity of the data distribution and Levene's test was used 

to investigate the homogeneity of variances one-way 

analysis of variance and Tukey's test were used to 

investigate the significance of difference among differ-

ent treatments and their respective mean values, 

respectively. Data were expressed as mean ± standard 

error, and p<0.05 was considered the level of statistical 

significance.  

 

Results 

Initial and secondary latency in shuttle box  

In the shuttle box, there was no significant difference in 

initial latency to enter the dark chamber (t1) among the 

groups. But group treated with 75 mg/kg dose of the 

essential oil and inside the restrainer had a longer t2 

(the secondary latency) than the control Group 1 

(Figure 1). Control Group 3 had a longer t2 than the 

control Group 1. Groups that received 25 and 75 mg/kg 

of the essential oil and were not inside the restrainer 

had longer t2 than the control Group 1.  

Serum anti-oxidant capacity 

Serum anti-oxidant capacity in 75 mg/kg of the essen-

450 Bangladesh J Pharmacol 2017; 12: 448-454                                                                



 

tial oil-receiving group and inside the restrainer, was 
significantly higher than the control Group 1 (Figure 2). 
In the control Group 3, serum anti-oxidant capacity was 
higher than the control Group 1. Groups that received 
the 50 and 75 mg/kg of H. officinalis essential oil and 
were not inside the restrainer had a significantly higher 
anti-oxidant capacity compared with the control Group 
1. 

Brain anti-oxidant capacity  

Brain anti-oxidant capacity in hyssop (50 and 75 mg) 
receiving groups, which were inside retainer, was 
significantly higher than control group 1 (Figure 2). 
Brain anti-oxidant capacity was higher in control group 
3 than control group 1. Groups that received the 75 mg/
kg of H. officinalis essential oil and was not inside the 
res-trainer had a significantly higher brain anti-oxidant 
capacity compared to the control Group 1. There was 
no significant difference between control Groups 1 and 
2. 

Serum malondialdehyde levels 

In group that received 75 mg/kg H. officinalis essential 
oil and was inside the restrainer, serum malondialde-
hyde level significantly decreased compared to the 
control Group 1 (the control group inside the restrai-
ner) (Figure 3). There was no significant difference 
between Groups 1 and 2 (control outside the restrainer 
and fasted). Control Group 3 (control receiving normal 
saline alone and that was not inside the restrainer but 
had access to water and food) had lower serum 
malondialdehyde levels than the control Group 1. 

Group that received 75 mg/kg of H. officinalis essential 
oil and was not inside the restrainer had a significantly 
lower serum malondialdehyde level than the control 
Group 1. 

Brain malondialdehyde level 

Brain malondialdehyde level was significantly higher in 
the control Group 2 than the control Group 1.  

Figure 1: Duration of initial (A) and secondary (B) latency in passive avoidance memory test. All groups are compared with con-
trol group 1. aSignificant difference compared to control Group 1 (p<0.05); bsignificant difference compared to control Group 1
(p<0.01); HO: Hyssopus officinalis 
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Brain MDA levels were significantly lower in 50 and 75 
mg/kg of H. officinalis receiving groups (in the res-
trainer) than the control Group 1. The control Group 3 
had significantly lower brain malondialdehyde level 
than the control Group 1. 

Serum corticosterone levels 

The results of the effect of H. officinalis essential oil on 
serum corticosterone in different groups are shown in 
Figure 4. The serum corticosterone levels were signifi-
cantly higher in group under the restrainer-induced 
chronic stress (control 1) than the control Group 3 
(p<0.05). The group that received 75 mg/kg of H. 
officinalis essential oil (inside the restrainer) had in 
significantly lower serum corticosterone levels than the 
control Group 1.  

Discussion 

The present study was conducted to investigate the 
effects of H. officinalis essential oil on learning and 
memory in mice under chronic stress. The results 
showed that chronic restraint stress induced by the 
restrainer for 21 days caused learning and memory 
impairment in the shuttle box. 

Our results are consistent with previous studies, 
showing that chronic stress disrupts memory and 
learning (McLaughlin et al., 2007; Srikumar et al., 2006). 
Chronic stress causes a change in the number and shape 
of the hippocampal dendritic spines, cell loss, reduction 
of neurogenesis in the dentate gyrus, reduction of brain
-derived neurotrophic factor expression, impairment of 
prolonged strengthening in the hippocampal synapses, 
and changes in the levels of neurotransmitters (Karkada 
et al., 2012). 

Interestingly, chronic treatment with H. officinalis essen-
tial oil for 21 days improved learning and memory 
impairment induced by chronic stress. Although the 
precise mechanism is still unknown, H. officinalis bene-
ficial effects on chronic stress-induced cognitive disor-
ders can be due to its anti-oxidant and neuroprotective 
effects. 

Soleimani et al. study demonstrated the anti-oxidant 
effects of H. officinalis in 1,1-diphenyl 1,1picrylhydrazyl, 

2,2 azinobis test (ABTS), and beta-carotene tests; this 

plant has potent anti-oxidant effects (Soleimani et al., 
2011) In addition, the results of this study indicated that 
treatment with H. officinalis essential oil for 21 days 
caused a significant increase in serum and brain tissue 
anti-oxidant levels and decrease in serum and brain 
tissue malondialdehyde levels in mice under chronic 
stress, which is a marker of oxidative stress. 

It has been reported that there is a significant relation-
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Figure 3: Serum (A) and brain (B) malondialdehyde levels in different groups; all groups are compared with control group 1. aSig-
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sopus officinalis 
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ship between oxidative stress markers and anxiety-rela-
ted phenotypes. The expressions of glutathione reduc-
tase-1 and glyoxalase-1, mice in the brain of anxious 
mice which are involved in the anti-oxidant defense 
system, have a significant correlation with anxiety-
related phenotypes (Hovatta et al., 2005). 

In addition, it was reported that the deficiency of endo-
genous anti-oxidants in the mice brain significantly 
increased the levels of central oxidative stress markers 
and therefore, led to anxious behaviors (Desrumaux et 
al., 2005). 

The consumption of pro-oxidant-rich diet increases the 
oxidation of proteins and fats in the brain frontal lobe 
and results in anxiety-like behavior (Souza et al., 2007) 

Liu et al. (1996) showed that anxiety induced by the 
mobility restriction caused significant increase in oxida-
tion of lipids and proteins in the cerebral cortex, 
hypothalamus, lumbar spine, and the medulla oblon-
gata. Besides that, mobility restriction- induced anxiety 
significantly reduced the activity of anti-oxidant enzy-
mes and the oxidative damage of DNA in neuronal 
brain (Liu et al., 1996). 

Based on the results of GC-MS on H. officinalis, its 
essential oil contains 19.76% β-pinene, 2.11% limonene, 
7.16% eucalyptol, 3.56% methane, 23.84% berbenone, 
17.95% pinocamphone, and 3.11% Linalool (Said-Al et 
al., 2015). 

A study investigated the sedative and anti-depressant 
effects of eucalyptol, β-pinene, and limonene in various 
behavioral models separately, and the results indicated 
that β-pinene had significant anti-depressant and seda-
tive effects (Guzmán-Gutiérrez et al., 2012). Another 
study has reported that β-pinene binds to the active site 
of the GABAA receptor and increases the binding of 
GABA to the receptor (Aoshima and Hamamoto, 1999). 

The GABAergic system is considered the first thera-
peutic approach to cope with anxiety because of its 
known inhibitory effects on the central nervous system, 
as well as rapid mediation in coping with anxiety. The 
widespread distribution of GABA receptors in different 
regions of the brain (hippocampus, parahippocampus 
and orbitofrontal cortex) may be responsible for their 
rapid sedation during activation (Crestani et al., 1999). 

It was reported that the activity of GABA reduced in 
the forehead, temporal, occipital, and hippocampal 
cortex in patients with anxiety disorders (Bremner et al., 
2000) and treatment with benzodiazepines increases 
GABA neurotransmitter activity (Sacerdote et al., 1999). 

Given the sedative and anti-anxiety effects of H. 
officinalis essential oil, it can be argued that this essential 
oil improves the anti-anxiety and sedative effects by 
increasing the GABA neurotransmitter levels. However, 
it is recommended to investigate this issue using GABA 

antagonists and determination of GABA receptor expre-
ssion. 

Studies have shown that chronic and acute stress are 
associated with the neuroendocrine disorders. In a stu-
dy on mice showed that exposure to chronic stress for 
21 days developed neuroendocrine disorder and their 
serum adrenocorticotropin and corticosterone levels 
increased significantly (Schaalan and Nassar, 2011).  

The acute (2 and 6 hours) and chronic (6, 12, and 24 
days) immobilization-induced stress caused the signifi-
cant increase in serum corticosterone levels in mice 
(Tinnikov, 1999). 

In the present study, H. officinalis essential oil reduced 
serum corticosterone level yet insignificantly, and it 
seems that other mechanisms have more prominent 
roles in exerting sedative effects and improving 
memory and learning.  

 

Conclusion 

The treatment of mice with H. officinalis essential oil 
improved memory and learning in the shuttle box and 
reduced the malondialdehyde level, which is a marker 
of oxida-tive stress, in mice under chronic stress. These 
effects can be due to the anti-oxidant and neuroprotec-
tive properties of this medicinal plant. 
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