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Implication for health policy/practice/research/medical education:
Ferulago angulata extract reduces anxiety in animal models of ischemia, which is probably due to some phenolic compounds and 
its antioxidant activity and might be beneficial in these patients.
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Introduction: Ischemia in rat brain causes severe neuronal damage and causes anxiety disorders. 
Ferulago angulata  extracts contain phenolic compounds with powerful antioxidant activity.   
Therefore, the aim of this study was to evaluate the protective effect of F. angulata (Chevilan) 
extract on locomotor activity and anxiety in ischemia model in rats. 
Methods:  In this experimental study, 50 male Wistar rats weighing 200 to 250 g were randomly 
divided into 5 groups including intact (control), ischemic hypoperfusion without extract and three 
groups of ischemic hypo-perfusion, for 14 days, received 100, 200 and 400 mg/kg Chevilan extracts 
by gavage method daily. For ischemia common bilateral carotid arteries were isolated, blocked in two 
parts and cut from the middle section. Locomotor activity and anxiety were evaluated during an open 
field testing. 
Results: The ischemic group showed a significant increase in anxiety and decrease in motor activity 
in the open field test. Administration of 100, 200 or 400 mg/kg doses of the extract significantly 
reduced the number of raising hands, especially at the dose of 200 (P < 0.05), and all three doses 
reduced the number of defecations (P < 0.001). Consumption of 400 mg/kg dose of the F. angulata 
extracts showed a significant increase in the number of movements in the central house in the open 
field and between houses margins (P < 0.05). 
Conclusion: Ferulago angulata  extract reduces anxiety in animal models of ischemia, which is 
probably due to some phenolic compounds and its antioxidant activity.
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A B S T R A C T

Introduction
Stress is a factor that by affecting living organisms, leads 
to reactions causing compliance and adjustment in the 
body’s internal environment (1). However, when stress is 
prolonged or repetitive, it can be very harmful (2). The 
most common cause of ischemic stroke is the lack of 
adequate blood flow to the brain tissue and cut off blood 
flow to any part of the brain can lead to irreversible nerve 
damage (3). Hypoxia in the ischemic areas of the brain 
causes difficulties in mitochondrial function and also 
causes free radical damage (4), decreasing the activity and 

capacity of antioxidant enzymes. Increased free radicals 
lead to a serious damage to cellular components such as 
lipids, proteins and nucleic acids and eventually causes 
cell death (2). As time passes, the ischemia causes various 
complications such as learning and memory disorders, 
some types of pain, anxiety, fear, reproductive disorders 
and depression (2). Reducing the ischemia complications 
using herbal anti-ischemia and anti-oxidant active 
ingredients is of great clinical importance (5). Ferulago 
angulata with the name of Chevilan in Persian belongs to 
the family of Apiaceae (Umbelliferae) that is an extended 
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family consisted of 300 genera and 3000 aromatic plants 
species (6). The Ferulago angulata extract has phenolic 
compounds and antioxidant properties and is known 
as an important medicinal plant of Iran (6-8). Due to 
their antioxidant activities, phenolic compounds are 
able to control free radicals. For this reason, they can 
be effective in preventing many diseases such as cancer, 
cardiovascular disease and neurological diseases and play 
an important role in human health (8). Therefore, in this 
study, the effect of F. angulata extract has been evaluated 
in the animal model of cerebral hypo-perfusion ischemia 
through investigating its effect on anxiety and movement 
activities.

Materials and Methods
Animals
The present study was carried out using adult male Wistar 
rats purchased from the proliferation and maintenance 
center of animals’ house in Ahvaz Medical Science 
University with a weight range of 200 to 250 g. Animals 
were kept in standard conditions of 20 ± 2°C and 12-
hour photoperiodic cycle (light started from 7 am) and 
adequate access to intensive food from Tehran Pars 
Animal Companies and Chavdaneh of Shahreza in Isfahan 
and purified piped water in Izeh in the animal care center 
of Islamic Azad University of Izeh, inside standard cages 
in groups of four. To facilitate the process and for more 
compatibility with the environment and experimenter, 
animals were trained daily for a few minutes  before the 
experiment (Ethical No. 1739608130014)
In this study, 50 male Wistar rats weighing 200 to 250 g 
were divided randomly into 5 equal groups as follows:
1. The control group without inducing ischemia and 

without receiving medication (control)
2. Ischemic hypo-perfusion group without receiving 

medication (ischemia)
3. Ischemic hypo-perfusion group, receiving a daily 

dose of 100 mg/kg of F. angulata extract for 14 days 
through gavage method (ischemia + F.A E100 mg/kg)

4. Ischemic hypo-perfusion group, receiving a daily 
dose of 200 mg/kg of F. angulata extract for 14 days 
through gavage method (ischemia + F.A E 200 mg/kg)

5. Ischemic hypoperfusion group, receiving a daily 
dose of 400 mg/ kg of F. angulata extract for 14 days 
through gavage method (ischemia + F.A E 400 mg/
kg) (10).

6. 
Preparing the hydroalcoholic extract of Ferulago angulata 
In early May, F. angulata were collected from the Zagros 
mountain range in Khozestan province. The plant twigs 
were kept in a dark and dry environment for 2 weeks to 
dry them. After being dried and ground, they were placed 
in 72% ethanol and after three days of storage at room 
temperature we spread them out on a flat surface to dry 
out. After that, doses of 100, 200 and 400 of F. angulata 

extract were administered by normal saline and based on 
the prepared weight and through gavage for 14 days, every 
day at a certain hour (7-8 am) (9).

Hypo-perfusion ischemia surgery procedure
In this study, Schty method was used with slight 
modifications (10). In a way that after anesthetizing rats 
with ketamine/xylazine (90/10 mg/kg), and neck midline 
incision, carotid artery appeared and then was slowly 
separated from the vagus nerve and carotid artery was 
blocked within a week of each other.

Open field test
The open field test is used to evaluate stress and movement 
activities. The test was done by using a 72 × 72 cm wooden 
field that was evenly divided into 16 homes (18 × 18 cm) 
and had walls with a height of 36 cm that were white (11). 
A central house of 18 × 18 cm was drawn in the middle 
of the open field. The rats were individually placed in 
the central square. In these circumstances, animals were 
passing from the central and outer lines and between 
the tests the considered environment was cleaned with 
cotton dipped in alcohol. For measuring the movement 
system time, the time duration of animals’ mobility and 
immobility was recorded by the stopwatch during a 
specific time limit. The environmental conditions were 
the same for all groups and the test time was about 10 
minutes and also in this test, the number of raised hands 
and the number of defecations were used to assess anxiety 
(11).

Statistical methods
Data were presented in the form of mean standard 
error of mean (mean + SEM) and one-way analysis of 
variance (ANOVA) was used followed by Tukey test. 
After obtaining information from different experimental 
groups, the results of the above groups were analyzed and 
P < 0.05 was proposed as the indicator of significance. 
SPSS software was used for data analysis. 

Results
Animal movement activity was evaluated by open field 
devices. The number of motor units in the open field 
test was significantly declined in ischemia group animals 
compared with the control group. Motor activity scores 
(number of passes in the marginal squares/number of 
passes in the central square) and the number of stools 
were recorded. In the assessment of anxiety, there was a 
significant difference between the control and ischemia 
group, reducing movement in the central square (P < 0.01), 
reduction in raising hands or rearing (P < 0.05), reducing 
movements in margin squares (P < 0.001) and increase in 
the number of defecation (P < 0.001), in ischemia group 
which shows that anxiety has increased in ischemia group 
compared to the control group. Administration of 100, 200 
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and 400 mg/kg of F. angulata extract caused a reduction in 
raising hands/rearing especially in the dose of 200 mg/kg 
(P < 0.05) (Figure 1). Only the dose of 400 mg/kg of extract 
in ischemia rat was able to show a significant increase in 
the number of movements between the central houses in 
the open field (Figure 2) and the number of movements 
between the margin houses (P < 0.05) (Figure 3). Also 
a significant reduction was observed in the number of 

defecations in all 3 doses of 100 (P<0.01), 200 and 400 mg/
kg (P < 0.001) (Figure 4).

Discussion 
According to the survey results, 14 days of oral 
prescription of F. angulata extract to the ischemic rats, 
improved anxiety and depression. Cerebral ischemia leads 
to neurological disorders such as mental and cognitive 

Figure 1. Comparison of the average anxiety (the number of 
raising hands/ Rearing) among the groups receiving different 
doses of Ferulago angulata extracts with ischemia and control 
group. The graph is plotted according to (mean ± SD). As can 
be seen, F. angulata extract caused a significant decrease in 
anxiety only at the dose of 200 mg/kg. The sign of (*) indicates 
a significant difference with the control group and the sign of 
(#) indicates a significant difference with the ischemia group 
(#P < 0.05, *P < 0.05, n=10, one-way ANOVA and Tukey test).

Figure 3. Comparison of the average movement activity (number 
of outer squares crossed in the open field) among the groups 
receiving different doses of the extract with ischemia and control 
group, the graph is plotted according to (mean ± SD), in this 
figure, Ferulago angulata extract at the dose of 400 mg/kg has 
led to a significant increase in the movement activities.  The sign 
of (*) indicates a significant difference with the control group and 
the sign of (#) indicates a significant difference with the ischemia 
group (#P < 0.05, *P < 0.05, n=10, one-way ANOVA and Tukey 
test).

Figure 4. Comparison of the average number of defecation 
(anxiety) in the open field test among the groups receiving 
different doses of Ferulago angulata extract with ischemia and 
control group, the graph is plotted according to (mean ± SD), as 
can be seen, F. angulata resulted in a significant decrease in the 
number of defecation at all three doses. The sign of (*) indicates 
a significant difference with the control group and the sign of 
(#) indicates a significant difference with the ischemia group 
(###P < 0.001, ##P < 0.01, ***P < 0.001, n=10, one-way ANOVA 
and Tukey test).

Figure 2. Comparison of the average movement activity (number 
of  inner squares crossed in the open field) among the groups 
receiving different doses of the extract with ischemia and control 
group, the graph is plotted according to (mean ± SD), in this 
figure, Ferulago angulata extract at the dose of 400 mg/kg has 
led to a significant increase in the movement activities.  The sign 
of (**) indicates a significant difference with the control group and 
the sign of (#) indicates a significant difference with the ischemia 
group (#P < 0.05, **P < 0.05, n=10, one-way ANOVA and Tukey 
test).
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disorders, behavioral disorders including anxiety, 
mania and bipolar disorders (12). Oxidative stress, as a 
major cause of cerebral ischemic complication, leads to 
disorder in oxidant-antioxidant balance and potential 
damages (3). It has also a pivotal role in the pathogenesis 
of neurodegenerative and neurological diseases such as, 
Alzheimer’s and Parkinson’s diseases, as well as trauma 
and brain stroke (13). Several studies have shown that the 
production of free radicals will increase considerably after 
ischemia and Sesjo in 1984 suggested that there are many 
routes where free radicals are produced during ischemia 
such as proxy nitrite (13). Scientific evidence shows that 
free radicals have an undeniable role in the formation and 
extension of secondary brain lesions after brain stroke 
(14). Oxidative stress will arise due to the lack of balance 
among the formation of reactive oxygen species (ROS) 
and cellular antioxidant defense system and brain is very 
sensitive to oxidative stress. The expression of the genes 
of antioxidant enzymes (such as superoxide dismutase, 
glutathione peroxidase and glutathione reductase) are 
usually increased in the natural environment in response 
to the uncontrolled production of ROS (15). High levels 
of anxiety have been reported in rats with significant 
production of ROS in blood lymphocytes granulocytes and 
monocytes. These results confirm that there is a relationship 
between the levels of intracellular ROS in blood cells and 
anxiety-related behavior in rats. In addition, Yasunari et 
al presented a significant relationship between anxiety 
and ROS formation in individuals’ monocytes (16). In 
recent researches, a close relationship has been observed 
between oxidative stress and anxiety both in human 
beings who suffer from anxiety disorders (intellectual- 
practical obsession disorder and panic disorder) and 
also in animals and humans that have shown high levels 
of anxiety (17). Phenolic compounds act as the electron 
donor and may neutralize unwanted reactions created 
by free radicals in the body (18). They also have various 
biological properties including antioxidant, anti-radical, 
anti-microbial and anti-inflammatory activities (19). For 
this reason, they are effective in stopping the process of 
nervous system destruction, prevention and treatment 
of many diseases including ischemia by inhibiting free 
radicals and protecting cells against oxidative reactions 
(20,21). Therefore, considering the high prevalence of 
chronic and erosive diseases, plants should be used to 
provide antioxidants needed by the body especially plants 
that have high phenol and flavonoid compounds (19). 
According to many studies, it can be said that F. angulata 
extract with phenolic and antioxidant properties, it has the 
potential to be used as a natural antioxidant in the food and 
pharmaceutical industries (22,23). It can be said that the 
extraction of F. angulata, having phenolic compounds and 
antioxidant properties, has the potential to be used in food 
and pharmaceutical industries as a natural antioxidant (6). 
In our previous studies, F. angulata was able to decline the 

oxidative stress factors in a quite significant way in both 
ischemia (24) and Parkinson (25) models.

Conclusion
Ferulago angulata extract reduces anxiety in animal 
models of ischemia, which is probably due to some 
phenolic compounds and its antioxidant activity. 
Probably, phenolic compounds of Ferulago angulata 
extract, through sweeping the free radicals produced by 
the procedure of brain ischemia, will lead to behavioral 
disorders recovery including the anxiety after ischemia.
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