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BRI G RN G The efficacy of escitalopram, a pharmaceutical
antidepressant, and exercise, a lifestyle intervention, in mitigating

depressive symptoms has been established. This study investigated the
impact of varying doses of escitalopram and the combination of forced
exercise with escitalopram on stress-induced depressive-like behavior in
male rats.

I BT b R (S0 (01 B3 Sixty-four male rats were allocated into eight
groups: control (Co), sham (Sh), depression without treatment (Dep-WT),

depression with exercise (Dep-Exe), depression with escitalopram at 10
mg/kg (Dep-Esc10), depression with escitalopram at 20 mg/kg (Dep-Esc20),
depression with escitalopram at 10 mg/kg combined with exercise (Dep-
Esc10-Exe), and depression with escitalopram at 20 mg/kg combined with
exercise (Dep-Esc20-Exe). To induce depression, chronic restraint stress was
administered for 6 hours per day over a period of 14 days. Following the
stress induction period, rats were administered escitalopram (at doses of 10
or 20 mg/kg, i.p), subjected to treadmill running (20-21 m/min for 1 h/day),
or subjected to a combination of both interventions. Depressive-like
behaviour induced by stress and locomotor activity were assessed using the
forced swimming test (FST) and the open field test (OFT), respectively.

LT In the FST, the immobility time significantly increased in the
Dep-WT, Dep-Exe, and Dep-Esc10 groups, while it significantly decreased
in the Dep-Esc20, Dep-Esc10-Exe, and Dep-Esc20-Exe groups compared
to the Dep-WT group. In the OFT, the central time and total travelled
distance significantly decreased in the Dep-WT group. Conversely, central
time significantly increased in the Dep-Esc10-Exe and Dep-Esc20-Exe
groups, and all treatment groups exhibited a significant increase in central
time compared to the Dep-WT group.

The findings suggest that combining exercise with
escitalopram yields additive effects, representing a promising treatment
protocol for anxiety, depression, and locomotor activity.

Restraint stress, Exercise, Escitalopram, Depression,
locomotor activity, Rats
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1. Introduction

Stressful life events have been identified as triggers for
anxiety- and depressive-like behaviours, primarily by
modulating stress biomarkers and biochemical
substances within the brain (1). Pharmacological
interventions and exercise have been indicated for their
potential effects to modulate these factors, thus
presenting as viable approaches for mood disorder
management (2, 3). Notably, serotonin stands out as a
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pivotal neurotransmitter implicated in mood regulation
and emotional behaviours (4). Among
pharmacotherapeutic options, Selective Serotonin
Reuptake Inhibitors (SSRIs) play a central role in
anxiety and depression management (5). These agents
exert their effects by blocking presynaptic serotonin
reuptake sites, consequently augmenting serotonergic
neurotransmission (6). Escitalopram is the newest
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SSRI with fewer side effects and studies suggest it is
more effective and tolerable for anxiety and depression
than other SSRIs (7). Nonetheless, a notable proportion
of patients, approximately 30—40%, exhibit resistance
to citalopram-like SSRIs, often experiencing delayed
therapeutic responses However, about 30-40% of
patients do not respond to citalopram-like SSRIs, and
these medications can have a delayed onset of action
(8). Hence, there is a pressing need for enhanced and
innovative therapeutic modalities. Concurrently,
exercise has garnered attention as a dependable and
efficacious strategy for managing anxiety and
depression (9). Consequently, exercise not only
emerges as a potential alternative to SSRIs but also
holds promise as an adjunctive therapy alongside
SSRIs for addressing stress-related disorders.

2. Materials and Methods

2.1 Animals

Sixty-four male Wistar rats (200-250g) were procured
from the animal facility of the Pharmacy department at
Isfahan University of Medical Sciences, Iran.

The rats were housed under a 12-hour light/dark cycle
(with lights on 07:00-19:00) and maintained at a
constant temperature of 23+2°C with a humidity level
of 55+5 %. They had ad libitum access to food and
water throughout the study period. Prior to
experimentation, the animals underwent a seven-day
acclimatization period to adapt to the laboratory
conditions. All experimental procedures were
conducted in compliance with the Ethics Committee of

Depression by chronic stress(6 h/day)

I

Animal Use and received
(IR.MUL.MED.REC.1398.607).

The study spanned a duration of 28 days for each
group, with eight distinct groups (n=8 each) as follows:
-Control (Co) group: Rats relocated to the laboratory
without any interventions.

-Sham (Sh) group: Rats subjected to an inactive
treadmill (1 hour/day) for the next 14 days.
-Depression-Without treatment (Dep-WT) group: Rats
were exposed to restraint stress for 14 days,lfollowed
by 14 days without interventions.
-Depression-Exercise (Dep-Exe) group: Rats were
exposed to restraint stress for 14 days, followed by 14
days of regular exercise (1hour/day).
-Depression-Escitalopram10 (Dep-Esc10) group: Rats
were exposed to restraint stress for 14 days, followed
by 14 days of escitalopram treatment (10mg/kg/day).
-Depression-Escitalopram20 (Dep-Esc20) group: Rats
were exposed to restraint stress for 14 days, followed
by 14 days of escitalopram treatment (20mg/kg/day).
-Depression-Escitalopram10-exercise ~ (Dep-Esc10-
Exe) group: Rats were exposed to restraint stress for 14
days, followed by 14 days of escitalopram treatment

approval

(10mg/kg/day) along with regular exercise (1
hour/day).
-Depression-Escitalopram20-exercise ~ (Dep-Esc20-

Exe) group: Rats were exposed to restraint stress for 14
days, followed by 14 days of escitalopram treatment
(20mg/kg/day) along with regular exercise (1
hour/day).

The design of this study protocol was demonstrated in
Figure 1.

Escitalopram injection (10 and 20 mg/kg)
Exercise (1h/day)
Escitalopram-Exercise

Without treatment

"

Adaptation
e e t !
7d 14 d 28d
FST FST & OFT

Figure 1. Experimental design for all experimental groups. Forced Swimming and Open Field tests (FST and OFT,

respectively) were used in the present study.

Volume 32, March-April 2024

Journal of Advances in Medical and Biomedical Research



146 Exercise -accompanied escitalopram on depressive-like behavior

2.2 Drug treatment

The rats received intraperitoneal (i.p.) injections of
escitalopram oxalate powder (10 and 20mg/kg;
Sobhan-Daru Co., Rasht, Iran) dissolved in sterile
normal saline (0.9%) for 14 consecutive days (10).
Exercise treatment the rats engaged in a daily 1-hour
treadmill exercise protocol for 14 consecutive days
(20-21 m/min, slope of 0°) (Maze Router Co., Tabriz,
Iran). Prior to the commencement of the study, the rats
underwent a three-day acclimatization period to
familiarize themselves with the exercise regimen (11).

2.3 Induction of depression

Chronic restraint stress is a standard animal model for
inducing anxiety and depression. Each rat was confined
in a transparent plastic cylinder for 6 hours per day over
a period of 14 consecutive days, from 8:00 to 14:00
(11).

2.4 Behavioral tests

2.4.1 Forced swimming test

The forced swimming test (FST) is a well-established
method for assessing behavioral despair and
depressive-like behavior in rodents. It is predicated on
the observation that when placed in a water-filled
cylinder, animals initially attempt to escape but
eventually adopt a state of immobility. Rats were
placed individually into a transparent cylinder
measuring 80 cm in height and 45 cm in diameter
(Tajhiz Gostar Iranian Co., Tehran, Iran), filled with
water to a depth sufficient to prevent floor contact or
wall jumping. Video recording equipment was
positioned adjacent to the cylinder to capture the rats'
behavior. The water temperature was maintained at
approximately 25 °C. Each rat underwent a 300-second
testing session, during which increased immobility was
interpreted as indicative of depressive-like behavior
(12). The FST was conducted on days 14 and 28 of the
study. Initiation of additional treatments occurred
subsequent to depression confirmation on day 14.
Notably, restraint stress exposure (6 hours/day for 14
days) yielded an 80% success rate in inducing
depression.

2.4.2 Open field test

The open field test (OFT) is a widely used method for
assessing stress levels, anxiety-like behavior, and
locomotor activity in rodents (13). It involves placing
an animal in an unfamiliar, enclosed environment and
observing its behavior. The OFT apparatus consists of
an open box (90x90x60 cm) (Tajhiz Gostar Iranian
Co., Tehran, Iran). On day 28 of the study, each rat was
positioned in the center of the OFT for a duration of
300 seconds. Video recording equipment positioned
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above the apparatus captured the rats' behavior.
NeuroVision software (Tajhiz Gostar Iranian Co.,
Tehran, Iran) was utilized to quantify the time spent
and total distance travelled in the OFT. Prior to testing
each rat, the open field was thoroughly cleaned with
70% ethanol to eliminate any potential olfactory cues.

2.5 Statistical analyses

The data were presented as means =SEM and analyzed
using one-way ANOVA, followed by Tukey's post-hoc
test for multiple groups. The paired sample t-test was
used to compare immobility levels within groups on
days 14 and 28. A P-value<0.05 was considered
statistically significant. All statistical analyses were
conducted using SPSS 26.

3. Results

The Co and Sh groups exhibited no significant
differences in any of the behavioral assessments.
Consequently, the Co group was designated as the
standard reference group for all comparative analyses
conducted in this study.

3.1 Assessment of forced swimming test

On day 14, all experimental groups exhibited
significantly increased immobility time in the FST
compared to the Co group (»p<0.001 for all groups).
Following the induction of depression, additional
treatments were administered to the subjects. On day
28, the Dep-WT, Dep-Exe, and Dep-Escl0 groups
demonstrated significantly increased immobility time
compared to the Co group (p<0.001, p<0.01, and
p<0.01, respectively) (Figure 2). These findings
suggested that the absence of treatment, exercise alone,
and the administration of escitalopram at a dose of 10
mg/kg following depression induction did not prevent
the onset of depressive-like behaviour.

Figure 2 showed that the Dep-Esc20, Dep-Esc10-Exe,
and Dep-Esc20-Exe groups had significantly reduced
immobility time compared to the Dep-WT group on
day 28 (p<0.05, p<0.05, and p<0.01, respectively).
This indicated that escitalopram 20mg/kg and the
combination of exercise with both doses of
escitalopram were effective in reversing depressive-
like behavior on day 28.

A paired sample t-test was employed to assess changes
in immobility time within groups on days 14 and 28.
Statistically significant differences were observed
between days 14 and 28 in all treatment groups (p<0.01
in the Dep-Exe, Dep-Escl10, Dep-Esc20, and Dep-
Esc10-Exe groups; p<0.001 in the Dep-Esc20-Exe

group) (fig.3).
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Figure 2. The immobility time in the FST on days 14 and 28. Data represent mean+ SEM (One-way Analysis of variance
(ANOVA) followed by Tukey’s post hoc test). “p<0.01 and **p<0.001 compared to the Co group; *p<0.05 and *#p<0.001
compared to the Sh group; {p<0.05 and “p<0.01 compared to the Dep-WT group.
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Figure 3. Immobility time on the 14" and 28" day in the FST apparatus before and after depression treatment (within

groups). Data represent mean+ SEM. *'p<0.01 and *p<0.001 Immobility time on the 14" day to the Immobility time on
28" day.
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3.2 Assessment of open field test

The Dep-WT group exhibited a significant decrease in
central time in the OFT compared to the Co group
(»<0.05). Conversely, the Dep-Esc10-Exe and Dep-
Esc20-Exe groups displayed a significant increase in
central time compared to the Co group (p<0.05 for both
groups).  Furthermore, all treatment groups
demonstrated significantly elevated central time
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compared to the Dep-WT group (p<0.05 in the Dep-
Esc10 group, p<0.01 in the Dep-Exe and Dep-Esc20
groups, and p<0.001 in the Dep-Esc10-Exe and Dep-
Esc20-Exe groups). These findings suggested that the
combination of exercise with both doses of
escitalopram had an additive effect on reversing
anxiety-like behavior.

Co: Control

Sh: Sham

Dep-WT: Depression-Without treatment

Dep-Exe: Depression-Exercise group

Dep-Esc10: Depression-Escitalopram 10 mg/kg
Dep-Esc20: Depression-Escitalopram 20 mg/kg
Dep-Esc10-Exe: Depression-Escitalopram10- Exercise
Dep-Esc20-Exe: Depression-Escitalopram20- Exercise

e

rHeee

MBIy —~

Co Sh Dep-WT

Dep-Exe

Dep-Esc10 Dep-Esc20 Dep-Escl0-Exe  Dep-Esc20-Exe

Groups

Figure 4. The center time in the OFT in all experimental groups. Data represent meant SEM (One-way Analysis of variance
(ANOVA) followed by Tukey’s post hoc test). * p<0.05 compared to Co group; p<0.05 compared to Sh group; p<0.05, ¥p<0.01

and ““p<0.001 compared to the Dep-WT group.
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Figure 5. The total traveled distance in the OFT in all experimental groups. Data represent mean+ SEM One-way Analysis of
variance (ANOVA) followed by Tukey’s post hoc test. “p<0.0/ compared to the Co group; *p<0.05 compared to the Sh group;

p<0.05, “p<0.01 and “““p<0.001 compared to the Dep-WT group.

The Dep-WT group exhibited a significant decrease in
total travelled distance in the OFT compared to the Co
group (p<0.01). This finding suggested that depression
without treatment resulted in reduced locomotor
activity in rats. The Dep-Exe, Dep-Esc20, and Dep-
Esc20-Exe  groups  demonstrated  significant
enhancements in total travelled distance compared to
the Dep-WT group (p<0.01, p<0.05, and p<0.001,
respectively) (Figure 5).

4. Discussion

This study aimed to evaluate the effects of exercise,
escitalopram (at dosages of 10 and 20 mg/kg), and the
combination of exercise with escitalopram on anxiety and
depressive-like behavior in male rats.

The increased immobility time observed in the FST after
14 days of chronic stress exposure indicated the
manifestation of depression-like behavior in the subjects
(Figure 2), consistent with previous findings (14).
Furthermore, our previous study confirmed elevated
corticosterone levels in depression without treatment
(15), thereby confirming the induction of depression.
Another study also reported that corticosterone levels
(a main hormone involved in depressive and anxiety
behaviors) tend to decrease following the removal of
the stressor (11).
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In the present study, escitalopram treatment (20-
mg/kg/day) and a combination of exercise with both
doses of escitalopram showed improvements in
depression-like behavior in the subjects. However,
exercise and escitalopram treatment (10mg/kg/day)
alone did not effectively reverse the effects of chronic
stress on depressive subjects (16). Previous research
has demonstrated the antidepressant and anxiolytic
properties of escitalopram in animal models (17).
Moreover, the lack of efficacy of escitalopram (10-
mg/kg) in treating depression may be attributed to its
delayed onset of action (approximately two weeks for
escitalopram 10mg/kg), which is required for the
therapeutic and efficacious effects of SSRI medications
(18). Conversely, exercise alone improved anxiety and
depression induced by repeated restraint stress (2-
h/day/14 consecutive days) (19). Present findings
suggested that exercise might not effectively improve
depression induced by longer periods of restraint stress
(6h/day) (Figure 2). It is possible that the severity of
chronic stress (6h/day) disrupted mood and exercise
could not increase serotonin levels in the brain enough
to improve it. Additionally, it demonstrated that the
timing of induced stress appears to be one of the most
critical factors in causing depression (20).

Other findings of the present study showed that
escitalopram at 20mg/kg and the combination of
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exercise with two doses of escitalopram beneficial
effects in improving depression and reducing despair-
like behaviors (Figures 2 and 3). It seems that
escitalopram effectiveness is dependent on the dosage,
as it increases serotonin levels in the brain (21).
Therefore, it is proposed that increasing the dose of
medication may positively affect depression treatment
(21). Furthermore, the beneficial effect of combining
exercise with both doses of escitalopram may be
attributed to exercise's role in enhancing the basal
firing activity of serotonin neurons. In addition, this
may reduce the inhibitory effects of SSRIs on serotonin
neurons and diminish the delay time in the therapeutic
effects of SSRIs in alleviating depression (22).
Within-group comparisons of immobility time between
the 14" and 28™ days revealed an improvement trend of
depression-like behavior by both escitalopram and
exercise (separately and together) in this study.
However, these effects were particularly pronounced
when escitalopram was combined with exercise at a
dosage of 20mg/kg (Figure 3). Based on the findings
from OFT, anxiety levels persisted at elevated levels in
depressive subjects without treatment (the Dep-WT
group) after 28 days (Figure 4). This observation
suggested that anxiety did not improve without
intervention, such as through exercise or medication. In
contrast, the other treatment groups exhibited
decreased anxiety levels compared to the Dep-WT
subjects in this study. This indicates the beneficial
effects of various therapies, including exercise as a
lifestyle modification, escitalopram at both dosages as
medication, and notably, the combination of exercise
with escitalopram at both dosages, in mitigating
anxiety-related behaviours. Indeed, the combination of
exercise and escitalopram demonstrated additive
effects in reducing anxiety in the present study. This
was supported by some previous research, which found
elevated corticosterone levels in anxious subjects (23).
On the other hand, exercise and escitalopram could
decrease corticosterone levels in anxious subjects (24,
25). Furthermore, conflicting reports exist regarding
the effects of exercise and escitalopram. While exercise
has been shown to alleviate stress-induced anxiety and
improve depressive-like behaviour (26). There are
reports suggesting that forced exercise may exacerbate
anxiety-like behaviours (27). Chronic escitalopram
treatment has been demonstrated to prevent anxiety-
like behavioral reactivity, while acute administration of
escitalopram may enhance anxiety (18). Based on
other OFT findings, locomotor activity decreased in
the depressive subjects without treatment (the Dep-WT
group) (Figure 5). The impact of chronic stress on
motor activity is inconsistent, as indicated by
conflicting findings in previous studies, with some
reporting a reduction (28), others an enhancement (29),
and some observing no changes (16).
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In this study, exercise alone, escitalopram 20 mg/kg,
and the combination of exercise with escitalopram 20-
mg/kg were found to increase locomotor activity in
depressive subjects (Figure 5). A previous study
reported that treadmill exercise could reverse alteration
in locomotor activity induced by chronic stress (30).
However, exercise fatigue can also lead to decreased
locomotor activity due to a reduction in dopamine
secretion in the brain (31). Additionally, various
studies reported different effects on locomotor activity
with different doses of escitalopram (32, 33). This
suggests that escitalopram can either reduce or increase
dopaminergic neuron firing which depends on the
administered dosage of the medication (34, 395).
Additionally, the response to stressors depends on the
type and duration of the stressor, as well as the task
used to assess behavior (16, 28).

S. Conclusion

Chronic stress caused anxiety and depressive-like
behaviors. Various treatments, such as exercise (a
lifestyle change) and escitalopram at both doses (a
medication), along with combination of them, were
beneficial for reducing anxiety. Notably, the
combination of exercise and escitalopram exhibited
additive effects in improving anxiety, depression, and
locomotor activity in the present study. Further
research, including biochemical, electrophysiological,
and molecular studies is necessary to elucidate the
mechanisms underlying depression treatment.

6. Declaration
6.1 Acknowledgment

The authors wish to convey their appreciation for the
financial support provided by the Isfahan University of
Medical Sciences (Isfahan, Iran).

6.2 Conflict of Interest

The authors declare no conflict of interest.

6.3 Authors’ Contributions

M. Radahmadi designed the experiments. M. Zamani
performed experiments. M. Radahmadi analyzed all
data of experiments. M. Zamani, M. Radahmadi, and
P. Reisi wrote the manuscript. All authors approved the
final version of the manuscript.

6.4 Funding
Isfahan University of Medical Sciences supported this
work.

6.5 Ethical Approval

The ethical committee of Isfahan University of
Medical Sciences (IR.MULMED.REC.1398.607)
approved this study.

Journal of Advances in Medical and Biomedical Research



Mahshid Zamani et al. 151

References

1. Hwang KA, Hwang HJ, Hwang YJ, Kim YJ.
Mustard leaf extract suppresses psychological stress
in chronic restraint rtress-subjected mice by
regulation of stress hormone, neurotransmitters, and
apoptosis. nutrients. 2020;12(12). 3640.
https://doi.org/10.3390/nul12123640
PMid:33256231 PMCid:PMC7760211

2. Wilkinson ST, Sanacora G. A new generation of
antidepressants: an update on the pharmaceutical
pipeline for novel and rapid-acting therapeutics in
mood disorders based on glutamate/GABA
neurotransmitter systems. Drug Discov Today.
2019;24(2):6006-15.
https://doi.org/10.1016/j.drudis.2018.11.007
PMid:30447328 PMCid:PMC6397075

3. Park SS, Park HS, Kim CJ, Baek SS, Kim TW.
Exercise attenuates maternal separation-induced
mood disorder-like behaviors by enhancing
mitochondrial functions and neuroplasticity in the
dorsal raphe. Behav Brain Res. 2019; 372:112049.
https://doi.org/10.1016/1.bbr.2019.112049
PMid:31229645

4. Ren J, Friedmann D, Xiong J, Liu CD, Ferguson
BR, Weerakkody T, et al. Anatomically Defined
and Functionally Distinct Dorsal Raphe Serotonin
Sub-systems. Cell. 2018;175(2):472-87.€20.
https://doi.org/10.1016/j.cell.2018.07.043
PMid:30146164 PMCid:PMC6173627

5. Trivedi MH, Rush AJ, Wisniewski SR,
Nierenberg AA, Warden D, Ritz L, et al. Evaluation
of outcomes with citalopram for depression using
measurement-based care in STAR*D: implications
for clinical practice. Am J Psychiatry. 2006;
163(1):28-40.
https://doi.org/10.1176/appi.ajp.163.1.28

PMid: 16390886

6. Eren I, Naziroglu M, Demirdas A. Protective
effects of lamotrigine, aripiprazole and escitalopram
on depression-induced oxidative stress in rat brain.
Neurochem Res. 2007; 32(7):1188-95.
https://doi.org/10.1007/s11064-007-9289-x
PMid:17401662

7. Zhong H, Haddjeri N, Sénchez C. Escitalopram,
an antidepressant with an allosteric effect at the
serotonin transporter--a review of current
understanding of its mechanism of action.

Volume 32, March-April 2024

Psychopharmacology (Berl). 2012; 219(1):1-13.
https://doi.org/10.1007/s00213-011-2463-5
PMid:21901317

8. El-Hage W, Fakra E. How to treat and manage
unsatisfactory response?. Encephale. 2016 ; 42(1
Suppl 1):1539-47.
https://doi.org/10.1016/S0013-7006(16)30018-5
PMid:26879256

9. Rethorst CD, Wipfli BM, Landers DM. The
antidepressive effects of exercise: a meta-analysis
of randomized trials. Sports Med. 2009; 39(6):491-
511.
https://doi.org/10.2165/00007256-200939060-
00004

PMid:19453207

10. Jastrzgbska J, Frankowska M, Suder A, Wydra
K, Nowak E, Filip M, et al. Effects of escitalopram
and imipramine on cocaine reinforcement and drug-
seeking behaviors in a rat model of depression.
Brain Res. 2017;1673:30-41.
https://doi.org/10.1016/j.brainres.2017.07.016
PMid:28756181

11. Zamani M, Radahmadi M, Reisi P. Therapeutic
effects of exercise, escitalopram and exercise-
accompanied escitalopram on brain functions in rats
with depression. Physiol Pharmacol. 2022, 26(2):
188-99.

12. Yankelevitch-Yahav R, Franko M, Huly A,
Doron R. The forced swim test as a model of
depressive-like behavior. J Vis Exp. 2015;
(97):52587.

https://doi.org/10.3791/52587-v

13. Kraeuter AK, Guest PC, Sarnyai Z. The open
field test for measuring locomotor activity and
anxiety-kike behavior. Methods Mol Biol. 2019;
1916: 99-103.
https://doi.org/10.1007/978-1-4939-8994-2 9
PMid:30535687

14. Chiba S, Numakawa T, Ninomiya M, Richards
MC, Wakabayashi C, Kunugi H. Chronic restraint
stress causes anxiety- and depression-like
behaviors, downregulates glucocorticoid receptor
expression, and attenuates glutamate release
induced by brain-derived neurotrophic factor in the
prefrontal cortex. Prog Neuropsychopharmacol Biol

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.3390/nu12123640
https://doi.org/10.1016/j.drudis.2018.11.007
https://doi.org/10.1016/j.bbr.2019.112049
https://doi.org/10.1016/j.cell.2018.07.043
https://doi.org/10.1176/appi.ajp.163.1.28
https://doi.org/10.1007/s11064-007-9289-x
https://doi.org/10.1007/s00213-011-2463-5
https://doi.org/10.1016/S0013-7006(16)30018-5
https://doi.org/10.2165/00007256-200939060-00004
https://doi.org/10.2165/00007256-200939060-00004
https://doi.org/10.1016/j.brainres.2017.07.016
https://doi.org/10.3791/52587-v
https://doi.org/10.1007/978-1-4939-8994-2_9

152  Exercise -accompanied escitalopram on depressive-like behavior

Psychiatry. 2012; 39(1):112-9.
https://doi.org/10.1016/j.pnpbp.2012.05.018
PMid:22664354

15. Zamani M, Radahmadi M, Reisi P. Therapeutic
effects of exercise-accompanied escitalopram on
synaptic potency and long-term plasticity in the
hippocampal CA1 area in rats under chronic
restraint stress. Iran J Basic Med Sci.
2022;25(12):1460-7.

16. Yang SN, Wang YH, Tung CS, Ko CY, Liu YP.
Effects of Escitalopram on a Rat Model of
Persistent Stress-Altered Hedonic Activities:
Towards a New Understanding of Stress and
Depression. Chin J Physiol. 2015;58(6):404-11.
https://doi.org/10.4077/CJP.2015.BAD335
PMid:26717919

17. Sanchez C, Bergqvist PB, Brennum LT, Gupta
S, Hogg S, Larsen A, et al. Escitalopram, the S-(+)-
enantiomer of citalopram, is a selective serotonin
reuptake inhibitor with potent effects in animal
models predictive of antidepressant and anxiolytic
activities. Psychopharmacology (Berl). 2003;
167(4):353-62.
https://doi.org/10.1007/s00213-002-1364-z
PMid:12719960

18. El Mansari M, Sanchez C, Chouvet G, Renaud
B, Haddjeri N. Effects of acute and long-term
administration of escitalopram and citalopram on
serotonin neurotransmission: an in vivo
electrophysiological study in rat brain.
Neuropsychopharmacology. 2005;30(7):1269-77.
https://doi.org/10.1038/sj.npp.1300686
PMid:15702136

19. Kim MH, Leem YH. Chronic exercise improves
repeated restraint stress-induced anxiety and
depression through SHT1A receptor and cAMP
signaling in hippocampus. J Exerc Nutrition
Biochem. 2014;18(1):97-104.
https://doi.org/10.5717/jenb.2014.18.1.97
PMid:25566444 PMCid:PMC4241932

20. Ranjbar H, Radahmadi M, Alaei H, Reisi P,
Karimi S. The effect of basolateral amygdala
nucleus lesion on memory under acute, mid and
chronic stress in male rats. Turk J Med Sci. 2016
;46(6):1915-25.
https://doi.org/10.3906/sag-1507-7
PMid:28081348

21. Braestrup C, Sanchez C. Escitalopram: a unique
mechanism of action. Int J Psychiatry Clin Pract.
2004; 8 Suppl 1:11-3.

Volume 32, March-April 2024

https://doi.org/10.1080/13651500410005496
PMid:24930683

22. Dremencov E, Csatlosova K, DuriSova B,
Moravcikova L, Lacinova L, Jezova D. Effect of
Physical Exercise and Acute Escitalopram on the
Excitability of Brain Monoamine Neurons: In Vivo
Electrophysiological Study in Rats. Int J
Neuropsychopharmacol. 2017;20(7):585-92.
https://doi.org/10.1093/ijnp/pyx024
PMid:28430979 PMCid:PMC5492809

23. Camargo A, Dalmagro AP, Fraga DB, Rosa JM,
Zeni ALB, Kaster MP, et al. Low doses of ketamine
and guanosine abrogate corticosterone-induced
anxiety-related behavior, but not disturbances in the
hippocampal NLRP3 inflammasome pathway.
Psychopharmacology (Berl). 2021; 238(9):2555-68.
https://doi.org/10.1007/s00213-021-05879-8
PMid:34342672

24. Benatti C, Alboni S, Blom JMC, Mendlewicz J,
Tascedda F, Brunello N. Molecular changes
associated with escitalopram response in a stress-
based model of depression.
Psychoneuroendocrinology. 2018;87:74-82.
https://doi.org/10.1016/j.psyneuen.2017.10.011
PMid:29049934

25. Yakhkeshi R, Roshani F, Akhoundzadeh K,
Shafia S. Effect of treadmill exercise on serum
corticosterone, serum and hippocampal BDNF,
hippocampal apoptosis and anxiety behavior in an
ovariectomized rat model of post-traumatic stress
disorder (PTSD). Physiol Behav. 2022; 243:113629.
https://doi.org/10.1016/j.physbeh.2021.113629
PMid:34743976

26. Motaghinejad M, Motevalian M, Larijani SF,
Khajehamedi Z. Protective effects of forced
exercise against methylphenidate-induced anxiety,
depression and cognition impairment in rat. Adv
Biomed Res. 2015;4:134.
https://doi.org/10.4103/2277-9175.161528
PMid:26322282 PMCid:PMC4544126

27. Leasure JL, Jones M. Forced and voluntary
exercise differentially affect brain and behavior.
Neuroscience. 2008;156(3):456-65.
https://doi.org/10.1016/j.neuroscience.2008.07.041
PMid:18721864

28. Katz RJ, Roth KA, Carroll BJ. Acute and
chronic stress effects on open field activity in the
rat: implications for a model of depression.
Neurosci Biobehav Rev. 1981;5(2):247-51.
https://doi.org/10.1016/0149-7634(81)90005-1
PMid: 7196554

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.1016/j.pnpbp.2012.05.018
https://doi.org/10.4077/CJP.2015.BAD335
https://doi.org/10.1007/s00213-002-1364-z
https://doi.org/10.1038/sj.npp.1300686
https://doi.org/10.5717/jenb.2014.18.1.97
https://doi.org/10.3906/sag-1507-7
https://doi.org/10.1080/13651500410005496
https://doi.org/10.1093/ijnp/pyx024
https://doi.org/10.1007/s00213-021-05879-8
https://doi.org/10.1016/j.psyneuen.2017.10.011
https://doi.org/10.1016/j.physbeh.2021.113629
https://doi.org/10.4103/2277-9175.161528
https://doi.org/10.1016/j.neuroscience.2008.07.041
https://doi.org/10.1016/0149-7634(81)90005-1

Mahshid Zamani et al. 153

29. Kim KS, Han PL. Optimization of chronic stress
paradigms using anxiety- and depression-like
behavioral parameters. J Neurosci Res. 2006;
83(3):497-507.

https://doi.org/10.1002/jnr.20754

PMid:16416425

31. Foley TE, Fleshner M. Neuroplasticity of
dopamine circuits after exercise: implications for
central fatigue. Neuromolecular Med.
2008;10(2):67-80.
https://doi.org/10.1007/s12017-008-8032-3
PMid: 18274707

32.Li XL, Yuan YG, Xu H, Wu D, Gong WG,
Geng LY, et al. Changed Synaptic Plasticity in
Neural Circuits of Depressive-Like and
Escitalopram-Treated Rats. Int J
Neuropsychopharmacol. 2015 ;18(10):pyv046.
https://doi.org/10.1093/ijnp/pyv046
PMid:25899067 PMCid:PMC4648155

33. Kaminska K, Gorska A, Noworyta-Sokolowska
K, Wojtas A, Rogoz Z, Gotembiowska K. The
effect of chronic co-treatment with risperidone and
novel antidepressant drugs on the dopamine and
serotonin levels in the rats frontal cortex. Pharmacol

Volume 32, March-April 2024

30. Seo JH. Treadmill exercise alleviates stress-
induced anxiety-like behaviors in rats. J Exerc
Rehabil. 2018;14(5):724-30.
https://doi.org/10.12965/jer.1836442.221
PMid:30443516 PMCid:PMC6222149

Rep. 2018;70(5):1023-31.
https://doi.org/10.1016/j.pharep.2018.04.009
PMid:30144663

34. Dremencov E, El Mansari M, Blier P. Effects of
sustained serotonin reuptake inhibition on the firing
of dopamine neurons in the rat ventral tegmental
area. J Psychiatry Neurosci. 2009; 34(3):223-9.

35. Schilstrom B, Konradsson-Geuken A, Ivanov V,
Gertow J, Feltmann K, Marcus MM, et al. Effects
of S-citalopram, citalopram, and R-citalopram on
the firing patterns of dopamine neurons in the
ventral tegmental area, N-methyl-D-aspartate
receptor-mediated transmission in the medial
prefrontal cortex and cognitive function in the rat.
Synapse (New York, NY). 2011;65(5):357-67.
https://doi.org/10.1002/syn.20853

PMid:20730799

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.1002/jnr.20754
https://doi.org/10.12965/jer.1836442.221
https://doi.org/10.1007/s12017-008-8032-3
https://doi.org/10.1093/ijnp/pyv046
https://doi.org/10.1016/j.pharep.2018.04.009
https://doi.org/10.1002/syn.20853

