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Comparative Evaluation of Antidepressant and Anxiolytic
Effects of Escitalopram, Crocin, and their Combination in Rats

Mehran Joodaki, Maryam Radahmadi, Hojjatallah Alaei
Department of Physiology, School of Medicine, Isfahan University of Medical Sciences, Isfahan, Iran

Background: Chronic stress can lead to anxiety and depression. Escitalopram is a selective serotonin reuptake inhibitor (SSRI), and crocin
is a natural compound derived from saffron. Both of them are used to treat these disorders in clinical and traditional medicine, respectively.
This study compared the antidepressant and anxiolytic effects of escitalopram, crocin, and their combination in rats.

Materials and Methods: Rats were divided into nine groups: control, sham, rest-depression, depression-rest, depression-crocin,
depression-escitalopram10, depression-escitalopram20, depression-escitalopram10-crocin, and depression-escitalopram20-crocin. Forced
swimming and open field tests (FST and OFT, respectively) were used to evaluate depression, anxiety, and locomotor activity.

Results: In the FST, the immobility time on day 28 significantly decreased in all depressed groups that received escitalopram, crocin, and their
combination compared to the rest-depression group. Whereas, conversely, the time spent at the center in the OF T was significantly higher in similar
comparisons. The total distance traveled by the OFT was significantly lower in all depressed groups, except for the depression-escitalopram10
and depression-escitalopram20 groups. The total distance traveled was significantly higher in the depression-escitalopram20 compared to the
rest-depression group.

Conclusion: Crocin, both doses of escitalopram and their combination, reduced depression. A high dose of escitalopram, with and without
crocin, was partially more effective than a low dose of escitalopram in reversing depression. There was anxiety-like behavior observed after
inducing depression with and without a recovery period. Whereas, crocin alone and both doses of escitalopram, with and without crocin,
decreased anxiety-like behaviors in subjects with depression. This effect may be attributed to a modulation of brain neurotransmitter ratios.
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INTRODUCTION

Anxiety and depression are two highly prevalent psychological
mood disorders in modern society, and they significantly impact
people’s quality of life.'?] Chronic stress has been identified
as one of the most significant factors that can trigger these
disorders.’) Moreover, anxiety and depression are associated
with dysregulation of the serotonergic system in the brain
and mood impairments. Therefore, maintaining serotonin at a
normal level can improve mood disorders.™ Serotonin reuptake
inhibitors (SSRIs) increase serotonin levels in various regions
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of the brain and are commonly prescribed as the initial treatment
for chronic stress, anxiety, and depression.™ Escitalopram is
one of the newest SSRI antidepressants indicated for improving
anxiety and depression.®!

On the other hand, certain herbal drugs, such as saffron
(Crocus Sativus) have a significant impact on behavior and
mood.[ Crocin is the most biologically active component of
saffron!® that can affect the synthesis of serotonin in the nervous
system.] It seems that crocin can improve stress, anxiety,
and depression.®!% Therefore, both escitalopram and crocin
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affect serotonin secretion through different mechanisms, which
have an impact on mood and behavior.'!! Most individuals
may need to take medication after experiencing a period of
depression. Whereas, some individuals may prefer to avoid
medication and believe that they can enhance their well-being
by going through a recovery period after reducing stress.!'>!3]
Furthermore, the effect of the recovery period on reducing
anxiety and depressive-like behavior is unclear when compared
to natural and chemical medications.

Nowadays, it is crucial to discover new pharmacological
approaches that have minimal side effects on the body’s
physiological system to effectively manage anxiety and
depression in individuals. Moreover, despite the various studies
conducted on the effects of crocin and escitalopram individually
on anxiety and depression, there are no reports comparing the
antidepressant and anxiolytic effects of the recovery period,
escitalopram, crocin, and their combination in rats with
depression. Since natural medications have lower side effects
compared to chemical medications, there are specific novel
aspects to consider, such as investigating combination therapy.
This approach provides an experimental perspective to determine
the synergistic potential of natural medications in terms of their
antidepressant and anxiolytic effects. This approach might
offer a more effective and comprehensive treatment strategy
for individuals with anxiety and depression. A second novel
aspect of the present study is a well-established rat model of
anxiety and depression utilized. This allows for a controlled and
reproducible assessment of the effects of escitalopram, crocin,
the recovery period, and their combination. The final novel
aspect is the comprehensive evaluation that the present study
employs, using a range of behavioral measures to assess the
antidepressant and anxiolytic effects of the treatments. Overall,
the study contributes to the expanding body of research on
alternative and complementary treatment approaches for anxiety
and depression. Therefore, the present study aimed to investigate
the comparative evaluation of the antidepressant and anxiolytic
effects of escitalopram, crocin, and their combination in rats.

MaTteriALs AND METHODS

Experimental animals

Seventy-two male Wistar adult rats (200-250 g) were obtained
from the Isfahan University of Medical Sciences. The rats
were housed in an environment with a temperature (23 + 2°C),
light conditions (12 h light from 07:00 to 19:00), and humidity
(50% + 5%). Four rats were housed together in each cage as
a colony group. All behavioral studies were conducted in the
afternoon from 14:00 to 16:00 and lasted for 28 days. The Ethics
Committee for Animal Use at Isfahan University of Medical
Sciences approved the study (IR MULMED.REC.1398.606).
After a week of adaptation, the animals were randomly assigned
to nine groups (n = 8 in each): Control (Con) group, in which the
rats received no special treatment. Sham injection (Sh) group,
in which the rats received normal saline for the next 14 days.
Rest-depression (Rest-Dep) group, in which rats had no special
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treatment for 14 days, and then chronic restraint stress was applied
for 6 h/day for the next 14 days. Depression-rest (Dep-Rest), in
which chronic restraint stress for 6 h/day for 14 days, followed by
anext 14-day rest (recovery) period. Depression-crocin (Dep-Cr)
group, in which chronic restraint stress was applied 6 h/day for
14 days, then the rats received daily injections of crocin for the
next 14 days. Depression-Escitalopram10 (Dep-Esc10) and
Depression-Escitalopram20 (Dep-Esc20) groups, in which
chronic restraint stress was applied 6 h/day for 14 days, then
the rats received daily injections of escitalopram (10 and
20 mg/kg, respectively, in each group) for the next 14 days.
Depression-Escitalopram10-Crocin (Dep-Esc10-Cr) and
Depression-Escitalopram20-Crocin (Dep-Esc20-Cr) groups, in
which chronic restraint stress was applied 6 h/day for 14 days,
then the rats received daily injections of crocin (30 mg/kg) and
escitalopram (10 and 20 mg/kg, respectively, in each group) for
the next 14 days [Figure 1].

Experimental procedures
Depression paradigm
To induce depression, rats were placed in cylindrical restrainers

made of Plexiglas for 6 h/day for 14 consecutive days
(from 8:00 to 14:00).01-14]

Chemicals and reagents

The depressed animals received 30 mg/kg of crocin
(i.p; Sigma Aldrich Company, America), as well as 10 and
20 mg/kg of escitalopram (Sobhan Daru Co., Iran), dissolved
in normal saline for the next 14 consecutive days.!"!!

Behavioral paradigms

Forced swimming test

The forced swimming test (FST) is one of the most valid and
standardized tests for evaluating depression in rodents.!'! The
FST is also used to evaluate the potential antidepressant effects
of drugs.l'! A cylindrical glass container with a diameter of
45 cm and a height of 80 cm was used for FST. This cylindrical
glass container was filled with water, with a height of 50 cm
and a temperature of 23 + 2°C. Therefore, an animal cannot
touch the bottom of the container with its hind legs or tail.
Twenty-four hours before the main test, the rat was immersed
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Figure 1: Schematic diagram of the experimental protocol designs.
There were two types of behavioral tests, including the forced swimming
test (FST) and the open field test (OFT)
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in this apparatus for 10 minutes to adapt.l'”'"®! According to a
previous study, animals that are subjected to chronic stress and
are unable to escape from the situation eventually lose hope of
escaping and become immobile over time. Hence, the animal
becomes helpless and immobile.

In the FST, immobility time was identified as a significant
indicator for measuring the level of depression. An increase
in immobility time was considered a reliable indicator of
depression induction.[” On days 14 and 28 of the experiment,
the behavior of the rats was recorded by the camera for 300 s.
After each session, each rat was carefully placed in a cylindrical
container filled with water. Finally, the water in the cylindrical
container was changed to prevent it from affecting the next
rat. After verifying depression using the FST, the rats were
included in the experimental protocol. After testing, the rats
were dried with a towel and then transferred back to the storage
cage.l Notably, in this study, animals conducted to 6 h/day
of restraint stress for 14 consecutive days resulted in a success
rate of 80-90% in inducing depression through chronic stress
prior to the main experiment. In addition, a pilot study was
conducted to determine the most effective method of inducing
depression with the fewest number of failed animal subjects.
However, there are several reasons for the absence of induced
depression in certain rats. One of the main reasons is individual
differences in stress response due to genetic predispositions
and individual coping mechanisms.?!) Some subjects may
have a greater innate ability to cope with stressful situations.
In addition, the FST is a behavioral test for depression, but it is
not a direct measure of depression. Also, rats are prey animals,
and they may evolve to cope with stress. This may make them
less susceptible to developing depression than each other.

Open field test

The open field test (OFT) was used to assess anxiety-like
behavior and locomotor activity. The open field apparatus had
dimensions of 90 x 90 x 50 cm. Some grid lines were used to
divide each open field into a central part and surrounding regions
using a computer. The distance traveled and the time spent in the
center during 300 s were measured as indicators of locomotor
activity and anxiety levels, respectively.?3 In this study, on days
14 and 28, the OFT was performed for all experimental groups.

Statistical analysis

All behavioral data for days 14 and 28 were separately analyzed
using a one-way ANOVA test, followed by Tukey’s post-hoc
test for comparing multiple groups. Paired sample ¢-test was
used to analyze the immobility times between days 14 and
28 for within-group comparisons only. Furthermore, all data
estimated as means + SEM and P value < 0.05 were considered
statistically significant. The computations were executed using
SPSS software version 26.0.

ResuLts

In the current study, there was no significant difference
between the Con and Sh groups in all behavioral tests. Hence,
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the Con group was selected as a reference for the following
comparisons. In addition, the different experimental groups
were also compared to each other.

Assessment of immobility time in the FST

In the FST, the ANOVA assigned different significant levels in
immobility time on day 14, F (8,63) =45.117, P=0.000; and in
immobility time on day 28, F (8,63) =9.811, P=0.000. Based
on the one-way ANOVA analysis on day 14, the immobility
time showed significant enhancements in all experimental
groups (P <0.001), except for the Rest-Dep group compared
to the Con group on day 14. This indicates that there were
depressive-like behaviors in all depression groups, except
for the Rest-Dep group, which had a rest period before the
induction of depression [Figure 2a].

The immobility time showed significant enhancements
in the Rest-Dep and Dep-Rest groups (P < 0.001 in both)
compared to the Con group on day 28, indicating that there
were still depressive-like behaviors in these groups. Also, on
day 28, the immobility time significantly decreased in the
Dep-Esc10 (P < 0.05), Dep-Cr, and Dep-Esc10-Cr (P <0.01
in both), Dep-Esc20 and Dep-Esc20-Cr (P < 0.001 in both)
compared to the Rest-Dep group [Figure 2b].

The immobility time showed significant decreases (P < 0.05
in both) decreases in the Dep-Esc20 and Dep-Esc20-Cr groups
compared to the Dep-Rest group. This indicates that the
administration of escitalopram 20 mg/kg, with and without
crocin, was more effective in reducing depression than the
recovery period after depression [Figure 2b].

The immobility time on the 14" and 28" day was analyzed
using a paired sample #-test to evaluate the changes within
each group separately. This was done to determine the
trend line of depression induction in each group. Significant
differences were detected between days 14 and 28 in some
experimental groups of the present study (P < 0.01 in the
Dep-Cr, Dep-Esc10, Dep-Esc20 groups; also P < 0.001 in
the Rest-Dep, Dep-Esc10-Cr, and Dep-Esc20-Cr groups)
(in the Con group, t (7) =-1.692 P = 0.134; in the Sh group,
t(7)=-4.012 P=0.005; in the Rest-Dep group, t (7) =-6.948
P = 0.35; in the Dep-Rest, t (7) =1.038 P = 0.334; in the
Dep-Cr groups t (7) =5.417 P = 0.001; in Dep-Esc10 t (7)
=5.946 P = 0.001; in Dep-Esc20 t (7) =5.076 P = 0.001; in
Dep-Esc10-Cr t (7) =7.316 P = 0.000; and in Dep-Esc20-Cr
t(7) =7.932 P=0.000 [Figure 3].

Assessment of center spent time in the OFT

In the OFT, the ANOVA assigned different significant levels in
center spent time F (8,63) =6.084, P=0.000). As illustrated in
Figure 4, the time spent at the center was significantly lower
in the Rest-Dep and Dep-Rest groups (P < 0.01 and P < 0.05,
respectively) compared to the Con group. Also, the time spent
at the center of those were significantly higher in the Dep-Cer,
Dep-Esc10, Dep-Esc20, Dep-Esc10-Cr, and Dep-Esc20-Cr
groups (P <0.05, P<0.01, P<0.001, P<0.01,and P<0.01,
respectively) compared to the Rest-Dep group. In addition,
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Figure 2: The immobility times of the forced swim test (FST) on days (a) 14 and (b) 28 were measured in all experimental groups (7 = 8). Results
are expressed as means = SEM (one-way ANOVA followed by Tukey’s post-hoc test). ***P < 0.001 compared to the Con group; #*##P < 0.001
compared to the Sh group; °P < 0.05, ®°P < 0.01 and ©°°P < 0.001 compared to the Rest-Dep group; ‘P < 0.05 compared to the Dep-Rest group
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Figure 3: The immobility time on the 14" and 28 day of the forced swim
test or FST (within-group) was measured in each group (7 = 8). Results
are expressed as mean + SEM (paired sample t-test). ++P < 0.01 and
+++P < 0.001 the immobility time of day 14 relative to the immobility
time of day 28

there were significant differences in the center time among
the Dep-Esc10, Dep-Esc20, Dep-Esc10-Cr, and Dep-Esc20-Cr
groups (P < 0.01 in the Dep-Esc20 group and P < 0.05 in the
other groups) compared to the Dep-Rest group [Figure 4].

Assessment of total traveled time in the OFT

In the OFT, the ANOVA assigned different significant levels in
the total distance traveled time, F (8,63) =8.203, P=0.000. As
shown in Figure 5, the total distance traveled was significantly
lower in the Rest-Dep, Dep-Rest, Dep-Cr, Dep-Esc10-Cr, and
Dep-Esc20-Cr groups (P <0.001, P<0.01, P<0.01, P<0.05
and P < 0.05, respectively) compared to the Con group.
The total distance traveled was significantly higher in the
Dep-Esc20 group compared to the Rest-Dep group (P <0.001).
That also significantly increased in the Dep-Esc20 group
compared to the Dep-Rest and Dep-Cr groups (P < 0.05 in
both) [Figure 5].

Discussion

This study compared the therapeutic effects of different
treatments on anxiety, depression, and locomotor activity in
male rats. The treatments included a recovery period, two
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doses of escitalopram (10 and 20 mg/kg), crocin, and the
co-administration of both doses of escitalopram with crocin.

The present findings from the FST findings indicated that
inducing chronic stress for 14 days resulted in increased despair
behavior, suggesting that stress may lead to depression in the
experimental subjects. It was demonstrated that depression
can be caused by physical, psychological, and neurochemical
changes due to chronic stress.***! Some studies reported that
14 days of restraint stress increased depressive-like behavior in
rats through changes in hypothalamic-pituitary-adrenal (HPA)
axis activity and elevated corticosterone levels.?**”? On the
other hand, a recovery period after depression (without any
medication treatment) also showed persistent depressive-like
behavior even after a 14-day rest period. In other words,
the recovery period alone could not decrease depression. In
contrast, Grippo et al. (2003) indicated that chronic stress for
four weeks induced depression in rats, and it could be reversed
to the baseline levels after a four-week recovery period.¥!
These conflicting results may be attributed to a longer recovery
period in previous studies compared to the recent study.

Based on other FST findings, it has been observed that
various treatments for depression, such as crocin, both doses
of escitalopram, and the combination of escitalopram with
crocin showed a decrease in depression symptoms. Zhang
et al. (2022) demonstrated that crocin reduced depressive-like
behavior in the FST.*”) In addition, a dose of 30 mg/day of
crocin for eight weeks reversed depressive behaviors.?” The
antidepressant effects of crocin may be attributed to several
factors, including changes in the reuptake of neurotransmitters
such as dopamine, norepinephrine, and serotonin,*” the
reduction of corticosterone levels,?*3! and the inhibitory
effect of crocin on monoamine neurotransmitters.”! On the
other hand, in the present study, both doses of escitalopram,
with and without crocin, were found to reverse depressive-like
behavior. However, the dose of 20 mg/kg of escitalopram
showed a partial decrease in depression-like behavior that was
more effective than the dose of 10 mg/kg. Therefore, crocin
had no significant effect on the association with either dose
of escitalopram in subjects with depression. In contrast, a
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Figure 4: The center time(s) of the open field test (OFT) was measured in all experimental groups. Results are expressed as means = SEM (one-way
ANOVA followed by Tukey’s post-hoc test). *P < 0.05 and **P < 0.01 compared to the Con group; #*P < 0.05 and ##P < 0.01 compared to the Sh
group; °P < 0.05, ©°P < 0.01 and ©°°P < 0.001 compared to the Rest-Dep group; and ‘P < 0.05 and “‘P < 0.001 compared to the Dep-Rest group
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Figure 5: The total distance traveled (in cm) in the open field test (OFT) was measured for all experimental groups (7 = 8). Results are expressed
as means = SEM (one-way ANOVA followed by Tukey’s post-hoc test). *P < 0.05, **P < 0.01, and ***P < 0.001 compared to the Con group;
#P < 0.05, ##P < 0.01, and ###P < 0.001 compared to the Sh group; ®®°P < 0.001 compared to the Rest-Dep group; and ‘P < 0.05 compared to

Dep-Rest group; “P < 0.05 compared to Dep-Cr group

study reported that escitalopram (10 mg/kg) did not decrease
immobility in subjects with depression.*? Consistent with
these findings, the administration of escitalopram at a dose of
20 mg/kg resulted in a significant decrease in immobility and
an increase in swimming behavior in the FST.23 Whereas,
Kanekar et al. (2018) reported that escitalopram, at a similar
dose, increased immobility in rats under hypoxic stress on the
FST.B% Also, there was a study that reported ineffective or even
detrimental effects of SSRI medications.*! These paradoxes
may be related to the type and duration of stress induction and
the dosage of SSRIs received. In addition, some studies have
also suggested that crocin influences serotonergic pathways
by exerting an antagonistic action on the serotonergic receptor
site. This may be the reason for the observed effect of crocin
in combination with escitalopram.53¢!

Comparing the immobility time between the 14" and
28" day (within each group and separately) revealed significant
differences in the trend of depression-like behavior among the
experimental subjects at different levels. There was a proposed
beneficial effect of escitalopram, with and without crocin, on
reversing the trend of depression. However, this reversing
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trend was partially better when combining crocin with a dose
of 20 mg/kg escitalopram.

Based on the findings of the OFT, anxiety-like behavior was
observed both with and without a recovery period following
the depression, without receiving any treatment. It seems that a
longer duration of the recovery period may be necessary, along
with the use of medication, to decrease anxiety-like behavior.
Similarly, a study also showed that anxiety-like behaviors
persisted after the recovery period in rats.P” Vyas et al. (2004)
suggested that the hypertrophy of the basolateral amygdala did
not completely reverse during the recovery period after stress
induction. It concluded that certain behavioral changes may
persist after the cessation of stress.l*”!

Another present finding demonstrated that the administration
of crocin, as well as both doses of escitalopram (10 mg/kg
and 20 mg/kg), either alone or in combination, resulted in a
decrease in anxiety-like behavior in subjects with depression.
It should be noted that Ghalandari-Shamami et al. (2019)
indicated that crocin decreases anxiety-like behaviors in
rats.*¥! Another study reported that a sub-chronic regimen of
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escitalopram at a dose of 5 mg/kg reversed the anxiety and
depression induced by single prolonged stress in rats. This
effect may be attributed to the impact of escitalopram on
serotonin levels in the amygdala.*”! Therefore, the present
findings showed that although escitalopram and crocin
individually have antidepressant effects, their combination
did not demonstrate a significant synergistic effect. Also,
those confirmed necessary for natural and specific medication
treatment to reduce anxiety-like behaviors. A study reported that
treatment with escitalopram prevented anxiety-like behavioral
reactivity.l*”) Whereas acute administration of escitalopram
may increase anxiety.*!! Also, Pinheiro ez al. (2008) indicated
that the anxiolytic effect of escitalopram appeared at the
beginning (acute) and disappeared after 14 days (sub-chronic)
of stress, but reappeared after 21 days (chronic).? It seems
that the initial administration of escitalopram reduces anxiety
by decreasing serotonin neurotransmission in the pathway
from the raphe nuclei to the amygdala.*? It is possible that its
effect on serotonergic receptors leads to desensitization and
finally decreases the anxiolytic impact.®*

Finally, according to another study by the OFT, locomotor
activity was found to be reduced in all subjects with depression
who received various treatments, except for those who were
administered both doses of escitalopram alone. In support
of these findings, some studies showed that depression
in the OFT caused a decrease in locomotor activity.!*44
In the present study, locomotor activity decreased in all
subjects receiving crocin, which may have been due to the
relaxing effect of crocin. There were different effects of
crocin indicated on locomotor activity. For instance, it was
reported that crocin can increase, reduce, or have no effect
on locomotor activity.[**®! In the present study, it appears
that the decrease in locomotor activity caused by crocin may
be attributed to its relaxing effect on the skeletal muscles
in the subjects.[*! In contrast, Hosseinizadeh et al. (2009)
did not demonstrate the skeletal muscle relaxant effect of
crocin in rodents.*! Another study showed that crocin, at
a dosage of approximately 20 mg/kg, increased locomotor
activity due to its stimulating effects on the central nervous
system. However, it did not have any significant impact
at lower doses.’!"" Based on another recent finding, it was
discovered that a dose of 20 mg/kg of escitalopram alone
increased locomotor activity in individuals with depression.
However, a dose of 10 mg/kg of escitalopram had no effect
on locomotor activity. The dosage of medication appears to
be crucial for locomotor activity responses. A previous study
reported that a dose of 10 mg/kg of escitalopram did not
affect locomotor activity.’” In contrast, it was demonstrated
that escitalopram, even at a dose of 10 mg/kg, increased
locomotor activity.®! It seems that the type of behavioral
tests, the type of rodent, the timing of stress for the induction
of depression, and the dose of medication are essential
factors for various locomotor activity responses.!#34447
However, further investigations are still required to trace
and clarify the mechanism(s) involved.
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ConcLusionN

To sum up, it is concluded that 14 days of chronic stress-induced
depression, and the subsequent recovery period without
any medication treatment, could not reverse anxiety and
depressive-like behavior. In addition, various treatments for
depression, including the administration of crocin, both doses
of escitalopram, and their combination, decreased anxiety and
depressive behaviors. Although a high dose of escitalopram,
with and without crocin, was partially more effective than
a low dose in reversing depressive-like behaviors. Crocin
also had no significant effect on the association with both
doses of escitalopram in subjects with depression. Finally,
locomotor activity decreased in all subjects with depression
who received different treatments, except for those who were
administered only both doses of escitalopram. Locomotor
activity decreased in all subjects receiving crocin, which may
have been due to the relaxing effect of crocin. Additionally, a
dose of 20 mg/kg of escitalopram alone increased locomotor
activity in depressed individuals, while a dose of 10 mg/kg
had no effect on locomotor activity. The dosage of medication
appears to be crucial for locomotor activity responses.
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