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Introduction: Depression impairs brain functions and memory processes. In a state of 
depression, escitalopram (as an antidepressant drug) and exercise (as an alternative lifestyle) 
both affect brain functions. Therefore, this study compared the therapeutic effects of exercise, 
using escitalopram at two different doses and exercise-accompanied escitalopram on different 
aspects of brain functions in rats with depression.
Methods: Male rats were randomly allocated into nine different groups of control, sham, 
depression, depression-rest, depression-exercise, depression-escitalopram 10, depression-
escitalopram 20, depression-escitalopram 10-exercise and depression-escitalopram 20-exercise. 
Chronic restraint stress (6h/day, 14 days) was applied to induce depression. The escitalopram 
injections and treadmill running (1h/day, 14 days) were performed after the stress-induced 
depression. Moreover, different aspects of brain functions like learning, memory, memory 
consolidation and locomotor activity were evaluated via the passive avoidance test. 
Results: The results indicated that depression disrupted learning, memory and memory 
consolidation. Escitalopram at a dose of 20mg/kg, exercise-accompanied escitalopram 20mg/
kg and only exercise improved them significantly. In rats with depression, escitalopram at a 
dose of 10mg/kg (with and without exercise) enhanced memory in depression non-significantly. 
Moreover, the locomotor activity was decreased in groups with exercise-accompanied 
escitalopram 20mg/kg and exercise compared to only allowing a rest period after depression.
Conclusion: Overall, escitalopram 20mg/kg, exercise-accompanied escitalopram 20mg/kg and 
only exercise had therapeutic effects on memory improvement in subjects with depression. Since 
the combination of escitalopram 20mg/kg and exercise had a partial additive effect, it was the 
best treatment protocol for reversing the memory deficits in rats with depression.
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According to previous studies, almost 15% of the 
world’s population has been affected by depression at 
least once in a lifetime. Depression is seen to be the sec-

ond most common cause underlying many global dis-
eases nowadays that may lead to other disorders such 
as cognitive impairment (Dillon and Pizzagalli, 2018; 
World Health Organization 2016). As such, stressful 
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events in life are also important risk factors for the in-
duction of depression (Mahar et al., 2014). Stress and 
depression-induced conditions affect brain functions 
including learning and memory (Dillon and Pizzagalli, 
2018; Mahar et al., 2014) though different mechanisms, 
such as changes in neural plasticity, neurotransmitter se-
cretion and the involved receptor subtypes (Liu et al., 
2017; Nemeroff, 2002). Nevertheless, the depression 
mechanisms and depression-related disorders have not 
been fully described yet. For instance, the reduction of 
serotonin is indicated as a key role in the pathophysi-
ology of depression (Daut and Fonken, 2019; Kraus et 
al., 2017; Mahar et al., 2014). However, certain types of 
depression-related disorders need complementary medi-
cine and/or alternative treatments (Thachil et al., 2007).

Over the past few decades, different methods have 
been utilized for the treatment of depression, including 
the use of chemical antidepressants and herbal plant 
drugs, as well as changes in lifestyle like doing exer-
cise and changing nutrition. All of these changes have 
displayed some positive effects on memory disorders 
(Couto et al., 2012; Motaghinejad et al., 2015; Sun et al., 
2013). Among different factors that are involved in brain 
functions, it is confirmed that serotonin is an important 
neurotransmitter with a key role in depression, moods, 
emotions, learning and memory homeostasis (Cowen 
and Sherwood, 2013; Mahar et al., 2014). Moreover, it 
has downstream effects on two important memory-as-
sociated neurotransmitters containing GABAergic and 
glutamatergic neurons (Marsman et al., 2017; Myhrer, 
2003); that is because these neurons express various 
serotonin receptor subtypes as well (Martı́n-Ruiz et al., 
2001; Santana et al., 2004). Therefore, not only sero-
tonin plays a key role in memory, but also it regulates 
other neurotransmitters that are involved in memory. 
Hence, selective serotonin reuptake inhibitors (SSRIs) 
are often indicated as the first-line antidepressant treat-
ments because of their relatively low side effects, good 
tolerability and the low risk of drug overdose/toxicity 
(Nemeroff and Owens, 2004). However, escitalopram, 
which is the S(+)-stereoisomer of the racemic compound 
citalopram, was therapeutically determined as one of the 
best SSRI antidepressant drugs. It acts on the primary 
serotonin transporters and the allosteric serotonin trans-
porter sites (Zhong et al., 2012). It has been shown that 
escitalopram could significantly improve different types 
of memory in subjects with depression (Soczynska et 

al., 2014). Since depression has persistently been at high 
recurrent rates, SSRIs only affected one-third of the pa-
tients in remission (Rush et al., 2009).

Conversely, exercise is a subset of planned, structured 
and repetitive physical activities with a final or inter-
mediate objective of improving or maintaining health 
(Caspersen et al., 1985). Some studies have confirmed 
the beneficial effects of exercise on neurogenesis, neu-
roanatomical system, learning and memory (Chang et 
al., 2012; Cox et al., 2016; Van Praag, 2008; Vivar et al., 
2012). Moreover, it is reported that doing exercise ex-
erts potent antidepressant effects (Josefsson et al., 2014; 
Lapmanee et al., 2013). Hence, it is indicated as one 
of the useful treatment methods to alleviate depression 
and cognitive impairments (Motaghinejad et al., 2015). 
Notably, regulating the secretion of neurotransmitters, 
especially serotonin, influences the impact of exercise 
on brain functions (Lin and Kuo, 2013). Therefore, it is 
proposed that exercise inhibits the serotonin reuptake by 
increasing both stimulatory activity of serotonin neurons 
and inhibition of serotonin reuptake in the serotonin-re-
leasing neurons (Dremencov et al., 2017). In addition, 
medications cause side effects on the physiological sys-
tem at different levels. Hence, exercise might help the 
improvement of the brain functions while administering 
less medications.

As such, the prevalence of stress and depression in to-
day’s societies can lead to impaired memory. Also, not 
receiving full treatment for the memory impairments 
(due to using antidepressants), increases the probability 
of recurrent depression periods. Even though, based on 
findings from previous studies, escitalopram and exer-
cise each affected brain functions via serotonin secretion 
(Lin and Kuo, 2013; Zhong et al., 2012). Therefore, it is 
concluded that exercise can be a promising non-phar-
macological treatment strategy for depression-induced 
memory impairments. That is because exercise may 
assist antidepressants to affect brain functions. Further-
more, despite the available literature on the impact of 
escitalopram and exercise alone on depression and its 
relevant disorders, there is no published report on the 
comparative therapeutic effects of escitalopram, exer-
cise and exercise-accompanied escitalopram on brain 
functions yet. The effects of different doses of escitalo-
pram on brain functions are discussed before. Therefore, 
this study aims to compare the therapeutic roles of two 
doses of escitalopram (10 and 20mg/kg/day), exercise 
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and escitalopram-accompanied exercise on different 
aspects of brain functions, such as learning, memory, 
memory consolidation and locomotor activity in rats 
with chronically stress-induced depression.

Materials and methods
Seventy-two male Wistar rats (with weights of 200–

250g) were obtained from the animal nest in the Faculty 
of Pharmacy at the Isfahan University of Medical Sci-
ences. The Ethics Committee of Animal Use at this Uni-
versity approved the study procedures (IR.MUI.MED.
REC.1398.606). Accordingly, all experiments were 
conducted in compliance with the National Institute of 
Health Guide for the Care and Use of Laboratory Ani-
mals (NIH Publications No.80-23 ; revised 2011). 

Every four rats were housed in a cage under standard 
conditions with a 12h light/dark cycle (lights on from 
07:00 to 19:00) and a constant temperature of 23±2°C. 
Food and water were made available ad libitum. Also, 
animals received a 2‑week adaptation period. The be-
havioral experiments were performed between 14:00 
and 16:00. Eventually, the animals were randomly as-
signed to nine different groups (n=8 in each group) as 
follows:

1) The control (Co) group, in which the rats were 
transferred to the laboratory and received no special 
treatments; 2) sham (Sh) group, in which the rats were 
placed on the off treadmill 1h/day for the next 14 days; 
3) depression (Dep) group, in which the rats were ex-
posed to continuous restraint stress 6h/day for two con-
secutive 14-day periods (overall, 28 days); 4) depres-
sion-rest (Dep-Rest) group, in which the rats were first 
exposed to restraint stress 6h/day for 14 days and then 
were kept in their cage without any special treatment 
for the next 14 days; 5) depression-exercise (Dep-Exe) 
group, in which the rats were exposed to restraint stress 
for 6h/day for 14 days and then received 1h/day regu-
lar exercise for the next 14 days; 6) depression-escit-
alopram10 (Dep-Esc10) group, in which the rats were 
exposed to restraint stress 6h/day for 14 days and then 
received 10mg/kg/day escitalopram for the next 14 
days; 7) depression-escitalopram20 (Dep-Esc20) group, 
in which the rats were exposed to restraint stress 6h/
day for 14 days and received 20mg/kg/day escitalo-
pram for the next 14 days; 8) depression-escitalopram
10-exercise (Dep-Esc10-Exe) group, in which the rats 
were exposed to restraint stress 6h/day for 14 days and 

then received 10mg/kg/day escitalopram and regular ex-
ercise for the next 14 days; 9) depression-escitalopram
20-exercise (Dep-Esc20-Exe) group, in which the rats 
were exposed to restraint stress 6h/day for 14 days and 
then received 20mg/kg/day escitalopram and regular ex-
ercise for the next 14 days.

Stress paradigms
Even though a similar study had reported the restraint 

stress-induced depression was indicated by a daily du-
ration of 2.5h for 14 days (García-Rojo et al., 2017), to 
induce depression in this study, the rats were placed in 
Plexiglas restrainers for 6h/day (between 8:00–14:00) 
during 14 days. On day 14, after verifying the depres-
sion induction via forced swim test, the depressed rats 
were moved to the experimental protocol. An increase in 
the immobility time was considered as a sign for the cor-
rect induction of depression (García-Rojo et al., 2017). 
Notably, 6h/day of restraint stress for 14 days had a 
success rate of 80% in inducing depression-associated 
memory impairments in this study.

Drugs
The animals in depression received intraperitoneal in-

jections of pure escitalopram oxalate powder (at doses 
of 10 and 20mg/kg; Sobhan-Daru Co., Iran), dissolved 
in the sterile normal saline (0.9%) for 14 consecutive 
days (Jastrzębska et al., 2017).

Exercise protocol
All rats in the exercised groups ran on the rodent tread-

mill every day (Maze router., Tabriz, Iran). The animals 
were previously familiarized with the treadmill running 
3 days before the experiments. The exercise protocol 
consisted of running at a slope of 0º and 20‒21 m/min, 
1h/day for 14 consecutive days. The rats were forced 
to run at the speed of the treadmill by receiving a mild 
electric shock (about 0.3mA) from the grid behind the 
treadmill. The electric shocks were used sparingly to 
promote running. After the warm-up, the running inten-
sity was kept at a constant speed/duration rate of 20m/
min and 1h per run during the whole exercise.

Behavioral paradigms
In this study, different aspects of brain functions, such 

as learning, memory, memory consolidation and loco-
motor activity were measured by the passive avoidance 
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test as a behavioral task. The passive avoidance appara-
tus (64×25×35cm) was divided into two compartments 
of the same size with grid floors that were separated by 
a sliding guillotine door.

On Day 26 of the experiment, each rat was placed in 
the apparatus for a duration of 300s to be habituated. 
A single learning trial was performed on the following 
day (day 27). In the learning trial, the rats were individ-
ually placed in the light room for 60s, the guillotine door 
was raised. As the rat entered the dark compartment, 
the door was closed and a single electrical foot shock 
(0.5mA, 2s) was delivered through the grid floor using 
an isolated stimulator. Subsequently, the memory trial 
by the passive avoidance test was evaluated on the next 
day. Both the habituation and memory trail were with-
out any electrical foot shock. The initial latency to en-
ter the dark compartment was recorded before inducing 
the electrical shock. Moreover, in the memory trial, the 
step-through latency was measured with the dark room 
entrance delays up to a maximum duration of 300s. The 
total dark stay time was recorded as memory consoli-
dation and/or storage of new information. As such, the 
number of entrances on day 1 was measured as the rat’s 
mobility rate (Kalantarzadeh et al., 2020). The passive 
avoidance test determined the animal’s ability to re-
member the received foot shock. Avoidance to enter the 
dark compartment and even longer stay in the light room 
were both interpreted as a positive response.

Statistical analysis
All data were expressed as mean±SEM and analyzed 

by analysis of variance (ANOVA) test, followed by LSD 
post-hoc testing for multiple groups. The comparisons 
between the initial latency and step-through latency 
(within-groups) were analyzed using the paired sample 
t-test. A P-value less than 0.05 was considered statis-
tically significant. Notably, the calculations were per-
formed using SPSS v.24.

Results
In this study, the Co and Sh groups exhibited no signif-

icant differences in their behavioral tests. Therefore, the 
Co group was selected as the reference of all following 
comparisons (Figures 1-4). In Figure 1, the initial and 
step-through latencies from the passive avoidance test 
are represented. No significant differences were seen in 
the values of initial latency in all experimental groups 

(Figure 1A). However, the step-through latency signifi-
cantly (P<0.01) decreased in the Dep group compared to 
the Co group (Figure 1B). Moreover, the values of step-
through latency were significantly higher in the Dep-
Exe, Dep-Esc20 and Dep-Esc20-Exe groups (P<0.05 
in Dep-Exe and Dep-Esc20; P<0.01 in Dep-Esc20-Exe) 
than the Dep group (Figure 1B). This indicated that es-
citalopram 20mg/kg accompanied by exercise had an 
additive effect on improving memory in rats with de-
pression. However, no significant differences were seen 
in the values of step-through latency in the Dep-Rest, 
Dep‑Esc10 and Dep-Esc10-Exe groups compared to the 
Dep group. This indicated that a rest duration after de-
pression, usage of escitalopram at a dose of 10mg/kg 
with and without exercise did not have any considerable 
impact on alleviating the depression-induced memory 
deficits (Figure 1B).

To evaluate the within-group latency changes, the val-
ues of initial and step-through latency were analyzed us-
ing a paired sample t-test. Significant differences were 
detected between the initial and step-through latencies 
in all groups (P<0.001 in Co, Sh, Dep-Rest, Dep-Exe, 
Dep-Esc20 and Dep-Esc20-Exe groups; P<0.01 in 
Dep-Esc10 and Dep-Esc10-Exe groups; P<0.05 in Dep 
group; Figure 2). As observed in this figure, the oc-
currence of learning was indicated in all experimental 
groups, even though it occurred at different levels. Its 
lowest level was seen in the depression group.

Total dark compartment stay time
As illustrated in Figure 3, the dark stay time was 

significantly higher in the Dep, Dep-Rest, Dep-Esc10 
and Dep-Esc10-Exe groups compared to the Co group 
(P<0.01 in Dep, Dep-Rest and Dep-Esc10; P<0.05 in 
Dep-Esc10-Exe). Therefore, being exposed to depres-
sion seems to have severely disrupted the memory con-
solidation in such a way that neither the rest period nor 
using escitalopram at a dose of 10mg/kg/day (with or 
without exercise) could have improved the storage of 
new information in rats with depression. In the Dep-
Exe, Dep-Esc20 and Dep-Esc20-Exe groups, there 
were significant decreases (P<0.01, P<0.05 and P<0.01, 
respectively) in dark stay time compared  to the Dep 
group. Moreover, in the Dep-Esc10 and Dep-Esc10-
Exe groups, the dark stay had significant enhancements 
(P<0.05 in both) compared to the Dep-Exe group, that 
indicated the negative effects of a 10mg/kg dose of es-
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citalopram on memory consolidation. Finally, the dark 
stay time was significantly (P<0.05) lower in the Dep-
Esc20-Exe group in comparison with the Dep-Esc10-
Exe group. Similar to the results concerning the Dep-
Exe group, also using escitalopram at a dose of 20mg/
kg could improve the memory consolidation in rats with 
depression compared to allowing a rest period after de-
pression (Figure 3).

Number of entries to the dark room
According to Figure 4, the number of entrances into 

the dark compartment in the Dep-Exe and Dep-Esc20-
Exe groups showed significant declinations (P<0.05 

and P<0.01, respectively) compared to the Co group. 
Besides, the number of entries to the dark room signifi-
cantly decreased (pP<0.05) in both Dep-Exe and Dep-
Esc20-Exe groups compared to the Dep-Rest group.

Discussion
The present study compared the therapeutic effects of 

exercise, using escitalopram at different doses (10 and 
20 mg/kg) and exercise-accompanied escitalopram on 
different aspects of brain functions, such as learning, 
memory, memory consolidation and locomotor activity 
in rats with depression induced by chronic stress.

The research findings represented that depression not 

 

 FIGURE 1.FIGURE 1. A) Initial latency and B) Step-through latency to entrance into the dark room of the passive avoidance apparatus for all groups 
before and after receiving a foot shock, respectively (n=8). Results are expressed as mean±SEM (ANOVA test, LSD post-hoc test). **P<0.01 
compared to Co group; ##P<0.01 compared to Sh group; ϴP<0.05 and ϴϴP<0.01 compared to Dep group. Co: Control group, Sh: Sham group, 
Dep-Rest: Depression-Rest group, Dep: Depression-Depression group, Dep-Exe: Depression-Exercise group, De-Esc 10: Depression-Escit-
alopram 10mg/kg group, De-Esc20: Depression-Escitalopram 20mg/kg group, Dep-Esc10-Exe: Depression-Escitalopram10- Exercise, Dep-
Esc20-Exe: Depression-Escitalopram20- Exercise.
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only decreased the level of learning but also severely 
impaired memory and memory consolidation. These 

findings are similar to the results of previous studies on 
the models of depression that were induced by chron-

 

 
FIGURE 2.FIGURE 2. Initial latency and step-through latency to entrance into the dark room of the passive avoidance apparatus before and after the 
foot shock (within-group) (n=8). Results are expressed as mean±SEM (Paired sample t-test). +P<0.05, ++P<0.01 and +++P<0.001 initial laten-
cy relative to the step-through latency. Co: Control group, Sh: Sham group, Dep-Rest: Depression-Rest group, Dep: Depression-Depression 
group, Dep-Exe: Depression-Exercise group, De-Esc10: Depression-Escitalopram 10mg/kg group, De-Esc20: Depression-Escitalopram 20mg/
kg group, Dep-Esc10-Exe: Depression-Escitalopram10- Exercise, Dep-Esc20-Exe: Depression-Escitalopram20- Exercise.

 

 
FIGURE 3.FIGURE 3. Total stay time in dark room of the passive avoidance apparatus for all groups 1 day after receiving the foot shock (n=8). Results 
are expressed as mean±SEM (ANOVA test, LSD post-hoc test). *P<0.05 and **P<0.01 compared to Co group; #P<0.05 and ##P<0.01 com-
pared to Sh group; ϴP<0.05 and ϴϴP<0.01 compared to Dep group; ℓP<0.05 and ℓℓP<0.01 compared to Dep-Rest group, £P<0.05 compared 
to Dep-Exe group, фP<0.05 compared to Dep-Esc10-Exe group. Co: Control group, Sh: Sham group, Dep-Rest: Depression-Rest group, Dep: 
Depression-Depression group, Dep-Exe: Depression-Exercise group, De-Esc 10: Depression-Escitalopram 10mg/kg group, De-Esc 20: De-
pression-Escitalopram 20mg/kg group, Dep-Esc10-Exe: Depression-Escitalopram10- Exercise, Dep-Esc20-Exe: Depression-Escitalopram20- 
Exercise.
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ic stress and their role in affecting various brain func-
tions, such as memory, brain activities, gene expressions 
and the biochemical biomarkers changes, including the 
brain-derived neurotrophic factor (BDNF) levels (Na-
politano et al., 1999; Roceri et al., 2002). Furthermore, 
it has been reported that not only chronic stress, but also 
depression probably affected memory consolidation via 
altering some hormones like glucocorticoids that will 
consequently change BDNF levels (Finsterwald and 
Alberini, 2014; Roozendaal, 2002). Both the basolateral 
amygdala, which is an important memory modulatory 
structure, and the interactions between different brain 
regions may potentially impact memory consolidation 
in subjects under chronic stress and probably those with 
depression too (Roozendaal, 2002).

The majority of performed treatment methods in this 
study displayed positive effects on alleviating the de-
pression-induced memory deficits. Also, exercise, escit-
alopram at a dose of 20mg/kg and escitalopram 20mg/
kg accompanied by exercise not only counteracted the 
memory deficits, but also increased memory consolida-
tion under depression conditions. Nevertheless, previ-
ous studies had discussed different views on the efficacy 
of escitalopram and exercise. For instance, the positive 
effects of both exercise and escitalopram on memory 

consolidation have been discussed in some studies (Bh-
agya et al., 2011; Neves et al., 2015). It has been shown 
that escitalopram had improved different types of mem-
ory in subjects with depression (Soczynska et al., 2014). 
Moreover, it was demonstrated that exercise elevated 
cognitive functions and overall brain health (Motagh-
inejad et al., 2015) through various mechanisms that 
affect brain functions; for instance, the augmentation 
of antioxidant defense mechanisms, as well as activa-
tion of brain plasticity, neurogenesis and brain metabol-
ic capacity could be mentioned (Cui et al., 2009; Ding 
et al., 2006; Liu and Nusslock 2018). However, some 
studies have shown that physical activities and particu-
larly forced exercise act as stressors and impair memory 
(Arida et al., 2004; Leasure and Jones, 2008). It seems 
that exercise may potentially influence some brain me-
diators, such as serotonin, noradrenaline, dopamine and 
corticosterone levels (Lin and Kuo, 2013; Radahmadi et 
al., 2015). Chennaoui et al. (2000) proposed that exer-
cise could increase hippocampal serotonin levels. Con-
trastingly, in other studies, it is reported that exercise did 
not change the concentration of serotonin in some brain 
regions (Chen et al., 2008). Therefore, the impact of ex-
ercise on serotonin receptors has been region-specific in 
the brain (Greenwood et al., 2005; Maniam and Morris, 

 

 
FIGURE 4.FIGURE 4. The number of entrances to the dark room in the passive avoidance apparatus for all groups 1 day after receiving the foot shock 
(n=8). Results are expressed as mean±SEM (ANOVA test, LSD post-hoc test). *P<0.05 and **P<0.01 compared to Co group; #P<0.05 and 
##P<0.01 compared to Sh group; ℓP<0.05 compared to Dep-Rest group. Co: Control group, Sh: Sham group, Dep-Rest: Depression-Rest 
group, Dep: Depression-Depression group, Dep-Exe: Depression-Exercise group, De-Esc 10: Depression-Escitalopram 10mg/kg group, De-
Esc 20: Depression-Escitalopram 20mg/kg group, Dep-Esc10-Exe: Depression-Escitalopram10- Exercise, Dep-Esc20-Exe: Depression-Escit-
alopram20- Exercise.
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2010).
An important finding in this research was that a higher 

dose of escitalopram (20mg/kg) with and without exer-
cise (particularly with exercise) alleviated memory defi-
cits in subjects with depression, whereas its lower dose 
(10mg/kg) had no effect on the improvement of brain 
functions. Based on current findings, the effects of using 
escitalopram at a dose of 10mg/kg on brain functions 
were similar to having a rest period after depression. As 
the dosage of escitalopram was increased, the possibility 
of gaining beneficial effects was also enhanced (Zhong 
et al., 2012). Hence, a high dose of escitalopram had 
a positive effect on the depression treatment processes 
(Couto et al., 2012). However, previous studies report-
ed positive and negative effects, and even no impact on 
the improvement of memory for the usage of escitalo-
pram at a dose of 10mg/kg (Bhagya et al., 2011; Jacob-
sen and Mørk 2004; Yilmaz et al., 2011). Accordingly, 
a study reported similar results on the ineffectiveness of 
escitalopram at a dose of 10mg/kg on some important 
memory-related parameters, such as N-methyl-D-as-
partate receptors (Yilmaz et al., 2011), hippocampal 
BDNF levels and serotonin receptor expression (Henn 
et al., 2020). In some studies, escitalopram at a dose of 
10mg/kg was shown to have decreased BDNF protein 
in the frontal cortex and the hippocampus of the rat’s 
brain (Jacobsen and Mørk, 2004). However, the positive 
effects of chronically using a 10mg/kg dose of escitalo-
pram have been observed on various memory aspects 
too (Bhagya et al., 2011). 

Additionally, based on recent findings, exercise alone 
exhibited better performance on memory improvement 
and consolidation compared to only using a dose of 10mg/
kg/day escitalopram in subjects with depression. Escit-
alopram at a dose of 10mg/kg/day represented non-sig-
nificant inhibitory effects in the escitalopram10-exercise 
group on the treatment of depression-induced memory 
impairments compared to the exercise without the use 
of escitalopram in subjects with depression. Neverthe-
less, using escitalopram at a dose of 10mg/kg showed 
no significant enhancement on memory improvement 
in subjects with depression. This may be related to the 
delay time, (approximately two weeks) needed for the 
therapeutic responses of SSRIs drugs to be efficacious. 
Inevitably, this delayed onset seems to be because of 
the neuro-adaptive changes in the brain (Piñeyro and 
Blier, 1999). In this regard, a sustained administration 

of escitalopram elevates extracellular serotonin levels. 
This leads to the activation of serotonin autoreceptors 
on serotonergic neurons. Subsequently, this activation 
results in suppressing the spontaneous firing of seroto-
nergic neurons that in rats could return to the control 
rate, approximately, after two weeks (El Mansari et al., 
2005). Therefore, in response to the prolonged serotonin 
elevation in the chronic antidepressant treatment, the 
serotonin autoreceptor appeared to be desensitized (El 
Mansari et al., 2005; Piñeyro and Blier, 1999). However, 
exercise (from the beginning) enhances the serotonergic 
system by activating the serotonergic neuronal firing 
(excitability) (Dremencov et al., 2015). It also decreases 
the serotonin transporters that would transport serotonin 
from the synaptic cleft back to the presynaptic neuron 
(Greenwood et al., 2005) and diminishes the expression 
of serotonin autoreceptors (Maniam and Morris, 2010).

As mentioned above, a dose of 20mg/kg of escitalo-
pram with and without exercise showed therapeutic ef-
fects on ameliorating memory in subjects with depres-
sion. Although, the combination of escitalopram 20mg/
kg with exercise showed no significant additive effect 
on depression-induced memory impairments compared 
to the exercise alone. The common mechanisms under-
lying both of these protocols can be the cause of brain 
function improvements. For instance, the changes in 
levels of growth factors, BDNF and corticosterone are 
some of these mechanisms (Benatti et al., 2018; Liu and 
Nusslock, 2018; Radahmadi et al., 2015; Schulte-Her-
brüggen et al., 2009). 

According to available data, locomotor activity was 
decreased by exercise and exercise-accompanied es-
citalopram at a dose of 20mg/kg in the subjects with 
depression. Previous studies had demonstrated the pos-
itive, negative and neutral effects of escitalopram on lo-
comotor activity (Kamińska et al., 2018; Li et al., 2015; 
Sağlam et al., 2006). These contrasting views might be 
due to the changes in dopamine levels (Schindler and 
Carmona, 2002) and/or inhibition of dopamine neuron 
firing in some brain areas (Dremencov et al., 2009). 
However, the types and duration of drug administration, 
depression, as well as behavioral tests are also effective 
factors for the role escitalopram plays in memory pro-
cessing and locomotor activity. Finally, although differ-
ent factors (e.g., the type behavioral test) could affect lo-
comotor activity, it is reported that the exercise-induced 
fatigue reduced levels of dopamine neurotransmission 
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in some brain regions (Foley and Fleshner, 2008).

Conclusion
To sum up, depression had negative effects on brain 

functions, such as memory and memory consolida-
tion. The therapeutic effects of exercise, escitalopram 
at a dose of 20mg/kg and escitalopram at the same 
dose (20mg/kg) accompanied by exercise (escitalo-
pram20 mg/kg with and without exercise) on memory 
improvement were observed in subjects with depres-
sion. Additionally, a 10mg/kg dose of escitalopram had 
non-significant inhibitory effects on the treatment of de-
pression-induced memory impairments in exercise-ac-
companied escitalopram at a dose of 10mg/kg compared 
to the exercise alone in subjects with depression. Final-
ly, exercise, a higher dose of escitalopram (20mg/kg) 
with and without exercise (especially with exercise) all 
alleviated memory deficits in subjects with depression.  
Also, there was a partial additive effect of escitalopram 
at a dose of 20mg/kg accompanied with exercise (in 
reversing the memory deficit). Conclusively, the exer-
cise-accompanied escitalopram (20mg/kg) seems to be 
the best depression treatment protocol for the subjects 
with depression. However, still further investigations, 
such as molecular, electrophysiological and biochemi-
cal research studies are required to trace and clarify the 
mechanism(s) involved.

Acknowledgment
This work was supported by grants from Isfahan Uni-

versity of Medical Sciences, Isfahan, Iran. Conduction 
of the present research was made possible through the 
supports received from Isfahan University of Medical 
Sciences, Isfahan, Iran.

Conflict of interest 
The authors declare no conflict of interests. 

References
Arida RM, Scorza CA, da Silva AV, Scorza FA, Cavalheiro 

EA. Differential effects of spontaneous versus forced exer-
cise in rats on the staining of parvalbumin-positive neurons 
in the hippocampal formation. Neurosci Lett 2004; 364: 
135-8. https://doi.org/10.1016/j.neulet.2004.03.086 

Benatti C, Alboni S, Blom JMC, Mendlewicz J, Tascedda 
F, Brunello N. Molecular changes associated with escit-

alopram response in a stress-based model of depression. 
Psychoneuroendocrinology 2018; 87: 74-82. https://doi.
org/10.1016/j.psyneuen.2017.10.011	 

Bhagya V, Srikumar BN, Raju TR, Rao BS. Chronic escitalo-
pram treatment restores spatial learning, monoamine levels, 
and hippocampal long-term potentiation in an animal mod-
el of depression. Psychopharmacology (Berl) 2011; 214: 
477-94. https://doi.org/10.1007/s00213-010-2054-x	

Caspersen CJ, Powell KE, Christenson GM. Physical activity, 
exercise, and physical fitness: definitions and distinctions 
for health-related research. Public Health Rep (Washington, 
D.C.: 1974) 1985; 100: 126-31.	

Chang YK, Labban JD, Gapin JI, Etnier JL. The effects of 
acute exercise on cognitive performance: a meta-analysis. 
Brain Res 2012; 1453: 87-101. https://doi.org/10.1016/j.
brainres.2012.02.068	

Chen HI, Lin LC, Yu L, Liu YF, Kuo YM, Huang AM, et al. 
Treadmill exercise enhances passive avoidance learning 
in rats: the role of down-regulated serotonin system in the 
limbic system. Neurobiol Learn Mem 2008; 89: 489-96. 
https://doi.org/10.1016/j.nlm.2007.08.004	

Chennaoui M, Grimaldi B, Fillion MP, Bonnin A, Drogou 
C, Fillion G, et al. Effects of physical training on func-
tional activity of 5-HT1B receptors in rat central nervous 
system: role of 5-HT-moduline. Naunyn Schmiedebergs 
Arch Pharmacol 2000; 361: 600-4. https://doi.org/10.1007/
s002100000242	

Couto FS, Batalha VL, Valadas JS, Data-Franca J, Ribeiro JA, 
Lopes LV. Escitalopram improves memory deficits induced 
by maternal separation in the rat. Eur J Pharmacol 2012; 695: 
71-5. https://doi.org/10.1016/j.ejphar.2012.08.020	

Cowen P, Sherwood AC. The role of serotonin in cognitive 
function: evidence from recent studies and implications for 
understanding depression. J Psychopharmacol 2013; 27: 
575-83. https://doi.org/10.1177/0269881113482531	

Cox EP, O’Dwyer N, Cook R, Vetter M, Cheng HL, Rooney 
K, et al. Relationship between physical activity and cogni-
tive function in apparently healthy young to middle-aged 
adults: a systematic review. J Sci Med Sport 2016; 19: 616-
28. https://doi.org/10.1016/j.jsams.2015.09.003	

Cui L, Hofer T, Rani A, Leeuwenburgh C, Foster TC. Com-
parison of lifelong and late life exercise on oxidative stress 
in the cerebellum. Neurobiol Aging 2009; 30: 903-9. https://
doi.org/10.1016/j.neurobiolaging.2007.09.005	

Daut RA, Fonken LK. Circadian regulation of depression: a 
role for serotonin. Fron Neuroendocrinol 2019; 54: 100746. 
https://doi.org/10.1016/j.yfrne.2019.04.003	

Escitalopram-accompanied exercise on memory Physiology and Pharmacology 26 (2022) 188-199 | 196

https://doi.org/10.1016/j.neulet.2004.03.086
https://doi.org/10.1016/j.psyneuen.2017.10.011
https://doi.org/10.1016/j.psyneuen.2017.10.011
https://doi.org/10.1007/s00213-010-2054-x
https://doi.org/10.1016/j.brainres.2012.02.068
https://doi.org/10.1016/j.brainres.2012.02.068
https://doi.org/10.1016/j.nlm.2007.08.004
https://doi.org/10.1007/s002100000242
https://doi.org/10.1007/s002100000242
https://doi.org/10.1016/j.ejphar.2012.08.020
https://doi.org/10.1177/0269881113482531
https://doi.org/10.1016/j.jsams.2015.09.003
https://doi.org/10.1016/j.neurobiolaging.2007.09.005
https://doi.org/10.1016/j.neurobiolaging.2007.09.005
https://doi.org/10.1016/j.yfrne.2019.04.003


Dillon DG, Pizzagalli DA. Mechanisms of memory disrup-
tion in depression. Trends Neurosci 2018; 41: 137-49. 
https://doi.org/10.1016/j.tins.2017.12.006	

Ding Q, Vaynman S, Souda P, Whitelegge JP, Gomez-Pinilla 
F. Exercise affects energy metabolism and neural plastici-
ty-related proteins in the hippocampus as revealed by pro-
teomic analysis. Eur J Neurosci 2006; 24: 1265-76. https://
doi.org/10.1111/j.1460-9568.2006.05026.x	

Dremencov E, Csatlósová K, Durišová B, Moravcíková 
L, Lacinová L, Ježová 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: 585-92. https://doi.
org/10.1093/ijnp/pyx024	

Dremencov E, El Mansari M, Blier P. Effects of sustained se-
rotonin reuptake inhibition on the firing of dopamine neu-
rons in the rat ventral tegmental area. J Psychiatry Neurosci 
2009; 34: 223-9.	

Dremencov E, Lapinova L, Lacinova L, Jezova D. Effect of 
physical exercise on the firing activity of serotonin neu-
rons in rats. Eur Neuropsychopharmacol 2015; 25: 181-9. 
https://doi.org/10.1016/S0924-977X(15)30171-1	

El Mansari M, Sánchez C, Chouvet G, Renaud B, Haddjeri N. 
Effects of acute and long-term administration of escitalo-
pram and citalopram on serotonin neurotransmission: an in 
vivo electrophysiological study in rat brain. Neuropsycho-
pharmacology 2005; 30: 1269-77. https://doi.org/10.1038/
sj.npp.1300686	

Finsterwald C, Alberini CM. Stress and glucocorticoid re-
ceptor-dependent mechanisms in long-term memory: 
From adaptive responses to psychopathologies. Neurobiol 
Learn Mem 2014; 112: 17-29. https://doi.org/10.1016/j.
nlm.2013.09.017	

Foley TE, Fleshner M. Neuroplasticity of dopamine circuits 
after exercise: implications for central fatigue. Neuro-
molecular Med 2008; 10: 67-80. https://doi.org/10.1007/
s12017-008-8032-3	

García-Rojo G, Fresno C, Vilches N, Díaz-Véliz G, Mora 
S, Aguayo F, et al. The ROCK inhibitor fasudil prevents 
chronic restraint stress-induced depressive-like behaviors 
and dendritic spine loss in rat hippocampus. Int J Neuropsy-
chopharmacol 2017; 20: 336-45. https://doi.org/10.1093/
ijnp/pyw108	

Greenwood BN, Foley TE, Day HE, Burhans D, Brooks 
L, Campeau S, et al. Wheel running alters serotonin (5-
HT) transporter, 5-HT1A, 5-HT1B, and alpha 1b-ad-
renergic receptor mRNA in the rat raphe nuclei. Biol 

Psychiatry 2005; 57: 559-68. https://doi.org/10.1016/j.bio-
psych.2004.11.025	

Henn L, Zanta NC, Girardi CEN, Suchecki D. Chronic es-
citalopram treatment does not alter the effects of neo-
natal stress on hippocampal BDNF levels, 5-HT(1A) 
expression and emotional behaviour of male and fe-
male adolescent rats. Mol Neurobiol 2021; 58: 926-43. 
https://doi.org/10.1007/s12035-020-02164-1	

Jacobsen JP, Mørk A. The effect of escitalopram, desipra-
mine, electroconvulsive seizures and lithium on brain-de-
rived neurotrophic factor mRNA and protein expression in 
the rat brain and the correlation to 5-HT and 5-HIAA levels. 
Brain Res 2004; 1024: 183-92. https://doi.org/10.1016/j.
brainres.2004.07.065	

Jastrzębska 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	

Josefsson T, Lindwall M, Archer T. Physical exercise inter-
vention in depressive disorders: meta-analysis and sys-
tematic review. Scand J Med Sci Sports 2014; 24: 259-72. 
https://doi.org/10.1111/sms.12050	

Kalantarzadeh E, Radahmadi M, Reisi P. Effects of differ-
ent dark chocolate diets on memory functions and brain 
corticosterone levels in rats under chronic stress. Physiol 
Pharmacol 2020; 24: 185-96. https://doi.org/10.32598/
ppj.24.3.40	

Kamińska K, Górska A, Noworyta-Sokołowska K, Woj-
tas A, Rogóż Z, Gołembiowska K. The effect of chronic 
co-treatment with risperidone and novel antidepressant 
drugs on the dopamine and serotonin levels in the rats fron-
tal cortex. Pharmacol Rep 2018; 70: 1023-31. https://doi.
org/10.1016/j.pharep.2018.04.009	

Kraus C, Castrén E, Kasper S, Lanzenberger R. Serotonin 
and neuroplasticity - Links between molecular, function-
al and structural pathophysiology in depression. Neurosci 
Biobehav Rev 2017; 77: 317-26. https://doi.org/10.1016/j.
neubiorev.2017.03.007	

Lapmanee S, Charoenphandhu J, Charoenphandhu N. Benefi-
cial effects of fluoxetine, reboxetine, venlafaxine, and vol-
untary running exercise in stressed male rats with anxiety- 
and depression-like behaviors. Behav Brain Res 2013; 250: 
316-25. https://doi.org/10.1016/j.bbr.2013.05.018	

Leasure JL, Jones M. Forced and voluntary exercise dif-
ferentially affect brain and behavior. Neuroscience 
2008; 156: 456-65. https://doi.org/10.1016/j.neurosci-

Physiology and Pharmacology 26 (2022) 188-199 | 197 Zamani et al.

https://doi.org/10.1016/j.tins.2017.12.006
https://doi.org/10.1111/j.1460-9568.2006.05026.x
https://doi.org/10.1111/j.1460-9568.2006.05026.x
https://doi.org/10.1093/ijnp/pyx024
https://doi.org/10.1093/ijnp/pyx024
https://doi.org/10.1016/S0924-977X(15)30171-1
https://doi.org/10.1038/sj.npp.1300686
https://doi.org/10.1038/sj.npp.1300686
https://doi.org/10.1016/j.nlm.2013.09.017
https://doi.org/10.1016/j.nlm.2013.09.017
https://doi.org/10.1007/s12017-008-8032-3
https://doi.org/10.1007/s12017-008-8032-3
https://doi.org/10.1093/ijnp/pyw108
https://doi.org/10.1093/ijnp/pyw108
https://doi.org/10.1016/j.biopsych.2004.11.025
https://doi.org/10.1016/j.biopsych.2004.11.025
https://doi.org/10.1007/s12035-020-02164-1
https://doi.org/10.1016/j.brainres.2004.07.065
https://doi.org/10.1016/j.brainres.2004.07.065
https://doi.org/10.1016/j.brainres.2017.07.016
https://doi.org/10.1016/j.brainres.2017.07.016
https://doi.org/10.1111/sms.12050
https://doi.org/10.32598/ppj.24.3.40
https://doi.org/10.32598/ppj.24.3.40
https://doi.org/10.1016/j.pharep.2018.04.009
https://doi.org/10.1016/j.pharep.2018.04.009
https://doi.org/10.1016/j.neubiorev.2017.03.007
https://doi.org/10.1016/j.neubiorev.2017.03.007
https://doi.org/10.1016/j.bbr.2013.05.018
https://doi.org/10.1016/j.neuroscience.2008.07.041


ence.2008.07.041	
Li XL, Yuan YG, Xu H, Wu D, Gong WG, Geng LY, et al. 

Changed synaptic plasticity in neural circuits of depres-
sive-like and escitalopram-treated rats. Int J Neuropsycho-
pharmacol 2015; 18: pyv046. https://doi.org/10.1093/ijnp/
pyv046	

Lin TW, Kuo YM. Exercise benefits brain function: the mono-
amine connection. Brain Sci 2013; 3: 39-53. https://doi.
org/10.3390/brainsci3010039	

Liu PZ, Nusslock R. Exercise-mediated neurogenesis in the 
hippocampus via BDNF. Front Neurosci 2018 ; 12: 52. 
https://doi.org/10.3389/fnins.2018.00052	

Liu W, Ge T, Leng Y, Pan Z, Fan J, Yang W, et al. The role of 
neural plasticity in depression: from hippocampus to pre-
frontal cortex. Neural Plast 2017; 2017: 6871089. https://
doi.org/10.1155/2017/6871089	 

Mahar I, Bambico FR, Mechawar N, Nobrega JN. Stress, 
serotonin, and hippocampal neurogenesis in relation to 
depression and antidepressant effects. Neurosci Biobehav 
Rev 2014; 38: 173-92. https://doi.org/10.1016/j.neubior-
ev.2013.11.009	 

Maniam J, Morris MJ. Voluntary exercise and palatable high-
fat diet both improve behavioural profile and stress respons-
es in male rats exposed to early life stress: role of hippo-
campus. Psychoneuroendocrinology 2010; 35: 1553-64. 
https://doi.org/10.1016/j.psyneuen.2010.05.012	 

Marsman A, Mandl RCW, Klomp DWJ, Cahn W, Kahn RS, 
Luijten PR, et al. Intelligence and brain efficiency: inves-
tigating the association between working memory perfor-
mance, glutamate, and GABA. Front Psychiatry 2017; 8: 
154. https://doi.org/10.3389/fpsyt.2017.00154	

Martı́n-Ruiz R, Puig MV, Celada P, Shapiro DA, Roth 
BL, Mengod G, et al. Control of serotonergic function 
in medial prefrontal cortex by serotonin-2A receptors 
through a glutamate-dependent mechanism. J Neurosci 
2001; 21: 9856-66. https://doi.org/10.1523/JNEUROS-
CI.21-24-09856.2001	

Motaghinejad M, Motevalian M, Larijani SF, Khajehamedi 
Z. Protective effects of forced exercise against methylphe-
nidate-induced anxiety, depression and cognition impair-
ment in rat. Adv Biomed Res 2015; 4: 134-34. https://doi.
org/10.4103/2277-9175.161528	

Myhrer T. Neurotransmitter systems involved in learning and 
memory in the rat: a meta-analysis based on studies of four 
behavioral tasks. Brain Res Rev 2003; 41: 268-87. https://
doi.org/10.1016/S0165-0173(02)00268-0	

Napolitano M, Marfia GA, Vacca A, Centonze D, Bellavia D, 

Di Marcotullio L, et al. Modulation of gene expression fol-
lowing long-term synaptic depression in the striatum. Mol 
Brain Res 1999; 72: 89-96. https://doi.org/10.1016/S0169-
328X(99)00213-2	

Nemeroff CB. Recent advances in the neurobiology of de-
pression. Psychopharmacol Bull 2002; 36: 6-23.	

Nemeroff CB, Owens MJ. Pharmacologic differences among 
the SSRIs: focus on monoamine transporters and the HPA 
axis. CNS Spectr 2004: 9: 23-31. https://doi.org/10.1017/
S1092852900025475	

Neves BH, Menezes J, Souza MA, Mello-Carpes PB. Phys-
ical exercise prevents short and long-term deficits on 
aversive and recognition memory and attenuates brain ox-
idative damage induced by maternal deprivation. Physiol 
Behav 2015; 152: 99-105. https://doi.org/10.1016/j.phys-
beh.2015.09.019	

Piñeyro G, Blier P. Autoregulation of serotonin neurons: role 
in antidepressant drug action. Pharmacol Rev 1999; 51: 
533-91.	

Radahmadi M, Alaei H, Sharifi MR, Hosseini N. Effect of 
forced exercise and exercise withdrawal on memory, serum 
and hippocampal corticosterone levels in rats. Exp Brain 
Res 2015; 233: 2789-99. https://doi.org/10.1007/s00221-
015-4349-y	 

Roceri M, Hendriks W, Racagni G, Ellenbroek BA, Riva 
MA. Early maternal deprivation reduces the expression of 
BDNF and NMDA receptor subunits in rat hippocampus. 
Mol Psychiatry 2002; 7: 609-16. https://doi.org/10.1038/
sj.mp.4001036	

Roozendaal B. Stress and memory: opposing effects of glu-
cocorticoids on memory consolidation and memory retriev-
al. Neurobiol Learn Mem 2002; 78: 578-95. https://doi.
org/10.1006/nlme.2002.4080	

Rush AJ, Warden D, Wisniewski SR, Fava M, Trivedi MH, 
Gaynes BN, et al. STAR*D: revising conventional wisdom. 
CNS Drugs 2009; 23: 627-47.	

Sağlam E, Kayir H, Çelik T, Uzbay T. Effects of escitalopram 
on ethanol withdrawal syndrome in rats. Prog Neuropsy-
chopharmacol Biol Psychiatry 2006; 30: 1027-32. https://
doi.org/10.1016/j.pnpbp.2006.03.028	

Santana N, Bortolozzi A, Serrats J, Mengod G, Artigas F. Ex-
pression of serotonin1A and serotonin2A receptors in pyra-
midal and GABAergic neurons of the rat prefrontal cortex. 
Cereb Cortex 2004; 14: 1100-9. https://doi.org/10.1093/
cercor/bhh070	

Schindler CW, Carmona GN. Effects of dopamine agonists 
and antagonists on locomotor activity in male and female 

Escitalopram-accompanied exercise on memory Physiology and Pharmacology 26 (2022) 188-199 | 198

https://doi.org/10.1016/j.neuroscience.2008.07.041
https://doi.org/10.1093/ijnp/pyv046
https://doi.org/10.1093/ijnp/pyv046
https://doi.org/10.3390/brainsci3010039
https://doi.org/10.3390/brainsci3010039
https://doi.org/10.3389/fnins.2018.00052
https://doi.org/10.1155/2017/6871089
https://doi.org/10.1155/2017/6871089
https://doi.org/10.1016/j.neubiorev.2013.11.009
https://doi.org/10.1016/j.neubiorev.2013.11.009
https://doi.org/10.1016/j.psyneuen.2010.05.012
https://doi.org/10.3389/fpsyt.2017.00154
https://doi.org/10.1523/JNEUROSCI.21-24-09856.2001
https://doi.org/10.1523/JNEUROSCI.21-24-09856.2001
https://doi.org/10.4103/2277-9175.161528
https://doi.org/10.4103/2277-9175.161528
https://doi.org/10.1016/S0165-0173(02)00268-0
https://doi.org/10.1016/S0165-0173(02)00268-0
https://doi.org/10.1016/S0169-328X(99)00213-2
https://doi.org/10.1016/S0169-328X(99)00213-2
https://doi.org/10.1017/S1092852900025475
https://doi.org/10.1017/S1092852900025475
https://doi.org/10.1016/j.physbeh.2015.09.019
https://doi.org/10.1016/j.physbeh.2015.09.019
https://doi.org/10.1007/s00221-015-4349-y
https://doi.org/10.1007/s00221-015-4349-y
https://doi.org/10.1038/sj.mp.4001036
https://doi.org/10.1038/sj.mp.4001036
https://doi.org/10.1006/nlme.2002.4080
https://doi.org/10.1006/nlme.2002.4080
https://doi.org/10.1016/j.pnpbp.2006.03.028
https://doi.org/10.1016/j.pnpbp.2006.03.028
https://doi.org/10.1093/cercor/bhh070
https://doi.org/10.1093/cercor/bhh070


Physiology and Pharmacology 26 (2022) 188-199 | 199 Zamani et al.

rats. Pharmacol Biochem Behav 2002; 72: 857-63. https://
doi.org/10.1016/S0091-3057(02)00770-0	

Schulte-Herbrüggen O, Fuchs E, Abumaria N, Ziegler A, 
Danker-Hopfe H, Hiemke C, et al. Effects of escitalopram 
on the regulation of brain-derived neurotrophic factor and 
nerve growth factor protein levels in a rat model of chron-
ic stress. J Neurosci Res 2009; 87: 2551-60. https://doi.
org/10.1002/jnr.22080	

Soczynska JK, Ravindran LN, Styra R, McIntyre RS, Cyriac 
A, Manierka MS, et al. The effect of bupropion XL and es-
citalopram on memory and functional outcomes in adults 
with major depressive disorder: results from a randomized 
controlled trial. Psychiatry Res 2014; 220: 245-250. https://
doi.org/10.1016/j.psychres.2014.06.053	

Sun XP, Li SD, Shi Z, Li TF, Pan RL, Chang Q, et al. Antide-
pressant-like effects and memory enhancement of a herbal 
formula in mice exposed to chronic mild stress. Neurosci 
Bull 2013; 29: 737-744. https://doi.org/10.1007/s12264-
013-1378-z	

Thachil AF, Mohan R, Bhugra D. The evidence base of 
complementary and alternative therapies in depression. J 
Affect Disord 2007; 97: 23-35. https://doi.org/10.1016/j.
jad.2006.06.021	

Van Praag H. Neurogenesis and exercise: past and future di-
rections. Neuromolecular Med 2008; 10: 128-140. https://
doi.org/10.1007/s12017-008-8028-z	

 Vivar C, Potter MC, van Praag H. All about running: synaptic 
plasticity, growth factors and adult hippocampal neurogen-
esis. Curr Top Behav Neurosci 2012: 189-210. https://doi.
org/10.1007/7854_2012_220	

 World Health Organization 2016. World health statistics 
2016: monitoring health for the SDGs sustainable devel-
opment goals: World Health Organization, 2016. Adapted 
from: https://www.who.int/gho/publications/world_health_
statistics/2016/EN_WHS2016_TOC.pdf	

Yilmaz N, Demirdas A, Yilmaz M, Sutcu R, Kirbas A, Cure 
MC, et al. Effects of venlafaxine and escitalopram treat-
ments on NMDA receptors in the rat depression model. J 
Membr Biol 2011; 242: 145-51. https://doi.org/10.1007/
s00232-011-9385-3	

 Zhong H, Haddjeri N, Sánchez C. Escitalopram, an antide-
pressant with an allosteric effect at the serotonin transport-
er-a review of current understanding of its mechanism of 
action. Psychopharmacology 2012; 219: 1-13. https://doi.
org/10.1007/s00213-011-2463-5

https://doi.org/10.1016/S0091-3057(02)00770-0
https://doi.org/10.1016/S0091-3057(02)00770-0
https://doi.org/10.1002/jnr.22080
https://doi.org/10.1002/jnr.22080
https://doi.org/10.1007/s12264-013-1378-z
https://doi.org/10.1007/s12264-013-1378-z
https://doi.org/10.1016/j.jad.2006.06.021
https://doi.org/10.1016/j.jad.2006.06.021
https://doi.org/10.1007/s12017-008-8028-z
https://doi.org/10.1007/s12017-008-8028-z
https://doi.org/10.1007/7854_2012_220
https://doi.org/10.1007/7854_2012_220
https://doi.org/10.1007/s00232-011-9385-3
https://doi.org/10.1007/s00232-011-9385-3
https://doi.org/10.1007/s00213-011-2463-5
https://doi.org/10.1007/s00213-011-2463-5

