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1. Introduction
Insufficient sleep or sleep deprivation (SD) has dele-

terious effects on cognitive and behavioral functions and 
mood state. Evidence has shown that SD potently in-
creases neuroinflammation and oxidative stress, impairs 
cognitive functions, and attenuates neurogenesis and sy-
naptic plasticity [1-6]. Also, rapid-eye movement (REM) 
stage of sleep, as a critical stage of sleep, is significantly 
involved in the modulation of mood and cognition [7-9]. 
Previous reports have shown that REM SD leads to mood 
disturbances and cognitive dysfunctions such as memory 
impairments, mania, and obsessive-compulsive disorder 
(OCD) and anxiety [10-14].

REM SD can manipulate the oxidative status of the 
body. Unfortunately, most studies have evaluated the ef-
fects of total SD but not REM SD on the oxidative status. 
Previous research has shown that REM SD for 72h may 
increase malondialdehyde (MDA) and decrease catalase 
(CAT) levels in the thalamus of rats [15]. Furthermore, 
REM SD increases MDA and nitric oxide levels in the hip-

pocampus of rats [16]. However, another study has shown 
no significant changes in MDA levels following 72h REM 
SD in rats [12]. Also, it has been shown that 48h REM SD 
has no effect on the hippocampal level of MDA [17]. But 
evidence is very limited.

REM SD also affects the level of brain-derived neuro-
trophic factor (BDNF). BDNF modulates mood state and 
cognitive abilities [18]. BDNF dysfunction is related to 
mood disturbances, cognitive dysfunctions, and neuropsy-
chiatric disorders [19-21]. It has been shown that REM 
SD potently decreases BDNF expression levels in the hip-
pocampus of female rats [10]. Maternal short-term REM 
sleep deprivation decreases BDNF levels in the rats’ offs-
pring [22]. However, there are many inconsistent reports 
on the effect of REM SD on BDNF levels [23, 24].

Citalopram is a selective serotonin reuptake inhibitor 
(SSRI) that is used for the treatment of depression, OCD, 
and anxiety disorders [25]. Evidence has shown that cita-
lopram may affect the expression level of BDNF. It has 
been shown that citalopram at the doses of 30 and 50 mg/
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kg decreases BDNF levels in the hippocampus of rats, 
leading to memory deficits [26]. Furthermore, citalopram 
decreases BDNF protein levels in the hippocampus of rats 
[27]. Previous research has reported that citalopram has no 
effect on the decreased BDNF level induced by 3, 4-methy-
lenedioxymethamphetamine (MDMA) in rats [28]. Howe-
ver, another study has shown that citalopram increases 
BDNF levels in the serum of mice [29]. Citalopram also 
increases BDNF levels in the hypothalamus but not the 
hippocampus and the prefrontal cortex of rats [30]. Also, it 
has been revealed that citalopram improves synaptic func-
tion via increasing BDNF activity in the hippocampus of 
rats [31]. Citalopram may also affect the level of MDA and 
CAT. Previous study has shown that citalopram increases 
CAT and reduces MDA levels in rats exposed to cigarette 
smoke [32]. However, evidence is so limited. 

According to the mentioned findings, the present study 
aims to investigate the effect of citalopram on cognitive 
functions and mood state, BDNF, CAT, MDA, and nitric 
oxide levels in male rats.

2. Material and Method
2.1. Animals

The present study used sixty-three male rats (200-220g, 
9-10 weeks old), which were divided into nine groups (n 
= 7). All seven rats in each group were exposed to beha-
vioral tests, while three rats per group were selected for 
gene expression analyses. In the lab, there was a standard 
12h: 12h light/dark cycle (lights on at 07:00) and stable 
temperature (22±2°C). All the rats were born and bred in 
Cognitive Neuroscience Lab, Medicinal Plants Research 
Center, Institute of Medicinal Plants, ACECR, Karaj, Iran, 
and had free access to food and water. Our experimental 
protocol was designed in accordance with the National 
Institutes of Health Guide for the Care and Use of Labora-
tory Animals [33].

2.2. Citalopram
Citalopram (Tehran Darou, Tehran, Iran) was intraperi-

toneally injected at a dose of 20 mg/kg [34, 35] for seven 
consecutive days during sham-REM SD or REM SD pe-
riod. Saline was also intraperitoneally injected in a volume 
of 0.5 mL/rat.

2.3. REM SD apparatus
REM sleep deprivation (RSD) was induced using the 

standard multiple-platform tank (platform diagonal 7 cm; 
water level 2 cm below platform), 6 h/day for 7 consecu-
tive days; sham-RSD rats were placed on larger platforms 
(15 cm) that allow REM. This setup reliably interrupts 
REM by precipitating awakenings upon atonia-related loss 
of posture. Procedures followed our previously published 
protocol with minor adaptations [13]. 

2.4. Open field test (OFT)
Locomotion and exploratory rearing were quantified in 

a clear 30 × 30 × 40 cm arena during 300 s; crossings were 
counted as motor activity and vertical rears as anxiety-sen-
sitive exploration. Testing was performed 30 min after the 
last RSD/injection session as detailed previously [36-38]. 

2.5. Hot plate
Thermal nociception was assessed on a 50 °C plate; 

latency to first paw-lick was recorded with a 100 s cutoff, 
30 min after OFT, per our prior methods [39, 40]. 

2.6. Forced swim test (FST)
In a transparent cylinder (water depth ≈ 2/3 body 

length), rats swam for 300 s; cumulative immobility time 
was scored as depressive-like behavior, 30 min post–hot 
plate, following our established protocol [41].

2.7. Passive avoidance memory
A two-trial step-through paradigm was used (0.5 mA, 

2 s foot shock during training); 24 h later, latency to enter 
the dark chamber (max 300 s) indexed retention, as pre-
viously described [26]. 

2.8. Real time PCR
Total RNA from prefrontal cortex was extracted and 

reverse-transcribed; relative BDNF expression was quan-
tified by SYBR-green qPCR using GAPDH as the refe-
rence and the 2^-ΔΔCt method. Primer validation and 
melt-curve analyses followed our published procedures 
[42, 43].

The specific sequences of the primers used are shown 
in Table 1.

2.9. Experimental groups
The present study included 9 groups (n = 7): 
Control rats (Three groups):
Group 1 (No injection): There was no intervention.
Group 2 (Saline): The rats were injected with saline 

(0.5 mL/rat) for seven consecutive days.
Group 3 (Citalopram): The rats were injected with cita-

lopram (20 mg/kg) for seven consecutive days.
Sham-REM SD rats (Three groups):
Group 4 (No injection): The rats were placed on REM 

SD apparatus with larger platforms for seven consecutive 
days (6h/day).

Group 5 (Saline): The rats were placed on REM SD ap-
paratus with larger platforms and were injected with saline 
(0.5 mL/rat) for seven consecutive days (6h/day).

Group 6 (Citalopram): The rats were placed on REM 
SD apparatus with larger platforms and were injected with 
citalopram (20 mg/kg) for seven consecutive days (6h/
day).

REM SD rats (Three groups):
Group 7 (No injection): The rats were deprived of REM 

phase for seven consecutive days (6h/day).
Group 8 (Saline): The rats were deprived of REM 

phase and were injected with saline (0.5 mL/rat) for seven 

Gene Primer Sequence (5' → 3') Product Size (bp)

BDNF Forward: ACGGTCACAGTCCTGGAGAAAG 
Reverse: ACGATTGGGTAGTTCGGCATT 189

Table 1. Primer sequences used for real-time PCR analysis of BDNF gene expression.

GAPDH was used as the endogenous reference gene for normalization. All primers were 
designed and validated for specificity and efficiency prior to use.
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= 19.48, P < 0.001) was significant. Post hoc Tukey test 
showed that locomotor activity was increased in REM SD 
rats and REM SD rats received saline (P < 0.001), howe-
ver, citalopram reversed this effect (P < 0.001) (Figure 1).

3.2. Rearing 
Significant differences between control groups were 

measured using one-way ANOVA and showed no dif-
ferences (F2, 18 = 0.52, P > 0.05). Significant differences 
between sham-REM SD groups were measured using one-
way ANOVA and showed no differences (F2, 18 = 1.52, P 
> 0.05). Significant differences between REM SD groups 
were measured using one-way ANOVA and showed diffe-
rences (F2, 18 = 74.64, P < 0.001). Rearing was increased 
in REM SD rats, while citalopram restored this effect, as 
shown by the Post hoc Tukey test (P < 0.001) (Figure 2).

consecutive days (6h/day). 
Group 9 (Citalopram): The rats were deprived of REM 

phase and were injected with citalopram (20 mg/kg) for 
seven consecutive days (6h/day).

2.10. Humane endpoints and euthanasia
At the end of all behavioral assessments, animals were 

humanely euthanized in accordance with our institutio-
nal guidelines and the NIH Guide for the Care and Use 
of Laboratory Animals (2011) and the approved protocol 
IR.IAU.PS.REC.1403.185. Rats were deeply anesthetized 
with an intraperitoneal injection of ketamine/xylazine 
(80/10 mg/kg, i.p.). Loss of pedal withdrawal and corneal 
reflexes was verified before proceeding. For animals de-
signated for molecular analyses, blood was collected by 
cardiac puncture under deep anesthesia (to obtain serum 
for CAT and MDA), immediately followed by cervical 
dislocation (secondary physical method) to ensure death; 
the brain was rapidly removed, and the prefrontal cortex 
was dissected on an ice-cold plate and snap-frozen (−80 
°C) to preserve RNA integrity. For animals not used for 
molecular sampling, euthanasia was completed by cervi-
cal dislocation after confirmation of a deep surgical plane 
of anesthesia. This sequence minimizes pain and distress, 
prevents agonal changes in RNA/proteins, and avoids 
confounding due to perfusion or fixatives for the targets 
measured in this study.

Rationale. We selected ketamine/xylazine to achieve a 
rapid, stable surgical plane of anesthesia prior to a phy-
sical secondary method, consistent with widely accepted 
humane endpoints for rodents. Avoidance of transcardial 
perfusion (fixatives) was intentional to prevent dilution or 
alteration of BDNF mRNA/protein and serum redox mar-
kers.

2.11. Statistical analyses
After the completion of all behavioral and molecular 

tests, data analyses were done using the SPSS software 
(V.26). Any significant difference was assessed using one-
way ANOVA and post hoc Tukey test. Data were provided 
as mean S.D. and P<0.05 was assigned as the level of sta-
tistical significance. 

3. Results
3.1. Locomotor activity

Significant differences between control groups were 
measured using one-way ANOVA and showed no dif-
ferences (F2, 18 = 0.56, P > 0.05). Significant differences 
between sham-REM SD groups were measured using one-
way ANOVA and showed no differences (F2, 18 = 0.01, P 
> 0.05). Significant differences between REM SD groups 
were measured using one-way ANOVA and showed diffe-
rences (F2, 18 = 31.20, P < 0.001). Locomotor activity was 
increased in REM SD rats, while citalopram restored this 
effect, as shown by the Post hoc Tukey test (P < 0.001) 
(Figure 1).  

The results of two-way ANOVA to compare control 
and sham-REM SD groups showed that the effect of REM 
SD (F1, 36 = 0.02, P > 0.05), injections (F2, 36 = 0.05, P > 
0.05), and REM SD*injections (F2, 36 = 0.20, P > 0.05) was 
not significant. The results of two-way ANOVA to com-
pare sham-REM SD and REM SD groups showed that the 
effect of REM SD (F1, 36 = 25.29, P < 0.001), injections 
(F2, 36 = 19.80, P < 0.001), and REM SD*injections (F2, 36 

Fig. 1. Locomotor activity (number of squares passed) in all experi-
mental groups (control or sham-REM SD or REM SD rats received no 
injection, or saline 0.5 mL/rat, or citalopram 20 mg/kg) [***P < 0.001 
compared to respective group in sham-REM SD rats, ^^^P < 0.001 
compared to control REM SD rats; n = 7].

Fig. 2. Anxiety-like behavior (number of rearing) in all experimen-
tal groups (control or sham-REM SD or REM SD rats received no 
injection, or saline 0.5 mL/rat, or citalopram 20 mg/kg) [***P < 0.001 
compared to respective group in sham-REM SD rats, ^^^P < 0.001 
compared to control REM SD rats; n = 7].
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The results of two-way ANOVA to compare control 
and sham-REM SD groups showed that the effect of REM 
SD (F1, 36 = 0.15, P > 0.05), injections (F2, 36 = 1.44, P > 
0.05), and REM SD*injections (F2, 36 = 0.16, P > 0.05) was 
not significant. The results of two-way ANOVA to com-
pare sham-REM SD and REM SD groups showed that the 
effect of REM SD (F1, 36 = 54.03, P < 0.001), injections 
(F2, 36 = 53.44, P < 0.001), and REM SD*injections (F2, 36 
= 32.68, P < 0.001) was significant. Post hoc Tukey test 
showed that rearing was increased in REM SD rats and 
REM SD rats received saline (P < 0.001); however, citalo-
pram reversed this effect (P < 0.001) (Figure 2).

3.3. Pain threshold
Significant differences between control groups were 

measured using one-way ANOVA and showed no dif-
ferences (F2, 18 = 0.25, P > 0.05). Significant differences 
between sham-REM SD groups were measured using one-
way ANOVA and showed no differences (F2, 18 = 0.24, P 
> 0.05). Significant differences between REM SD groups 
were measured using one-way ANOVA and showed dif-
ferences (F2, 18 = 25.61, P < 0.001). Pain threshold was 
decreased in REM SD rats, while citalopram restored this 
effect, as shown by the Post hoc Tukey test (P < 0.001) 
(Figure 3).

The results of two-way ANOVA to compare control 
and sham-REM SD groups showed that the effect of REM 
SD (F1, 36 = 0.00, P > 0.05), injections (F2, 36 = 0.48, P > 
0.05), and REM SD*injections (F2, 36 = 0.00, P > 0.05) was 
not significant. The results of two-way ANOVA to com-
pare sham-REM SD and REM SD groups showed that the 
effect of REM SD (F1, 36 = 30.53, P < 0.001), injections 
(F2,36 = 11.32, P < 0.001), and REM SD*injections (F2,36 
= 8.67, P < 0.001) was significant. Post hoc Tukey test 
showed that pain threshold was decreased in REM SD rats 
and REM SD rats received saline (P < 0.001); however, 
citalopram reversed this effect (P < 0.001) (Figure 3).

3.4. Immobility
Significant differences between control groups were 

measured using one-way ANOVA and showed no dif-
ferences (F2, 18 = 0.20, P > 0.05). Significant differences 
between sham-REM SD groups were measured using one-
way ANOVA and showed no differences (F2, 18 = 1.16, P 
> 0.05). Significant differences between REM SD groups 
were measured using one-way ANOVA and showed no 
differences (F2, 18 = 2.38, P > 0.05) (Figure 4).

The results of two-way ANOVA to compare control 
and sham-REM SD groups showed that the effect of REM 
SD (F1, 36 = 0.08, P > 0.05), injections (F2, 36 = 1.02, P > 
0.05), and REM SD*injections (F2, 36 = 0.23, P > 0.05) was 
not significant. The results of two-way ANOVA to com-
pare sham-REM SD and REM SD groups showed that the 
effect of REM SD (F1, 36 = 2.99, P < 0.001), injections (F2, 

36 = 0.35, P < 0.001), and REM SD*injections (F2,36 = 3.01, 
P < 0.001) was not significant (Figure 4). 

3.5. Passive avoidance memory
Significant differences between control groups were 

measured using one-way ANOVA and showed no dif-
ferences (F2, 18 = 0.00, P > 0.05). Significant differences 
between sham-REM SD groups were measured using one-
way ANOVA and showed no differences (F2, 18 = 0.00, P > 
0.05). One-way ANOVA revealed a significant impairment 

of passive avoidance memory in REM SD rats compared 
with sham-REM SD controls (P < 0.001). However, cita-
lopram treatment did not significantly improve latency to 
enter the dark chamber in REM SD rats (P > 0.05).Passive 
avoidance memory was impaired in REM SD rats, while 
citalopram had no effect, as shown by the Post hoc Tukey 
test (P < 0.001) (Figure 5).

The results of two-way ANOVA to compare control 
and sham-REM SD groups showed that the effect of all va-
riables was not significant (all the rats stayed 300 seconds 
in the light chamber). The results of two-way ANOVA to 
compare sham-REM SD and REM SD groups showed that 
the effect of REM SD (F1, 36 = 137.18, P < 0.001) but not in-
jections (F2, 36 = 0.35, P > 0.05) and REM SD*injections 
(F2, 36 = 0.35, P < 0.001) was significant. Post hoc Tukey 
test showed that passive avoidance memory was impai-

Fig. 3. Pain threshold (sec) in all experimental groups (control or 
sham-REM SD or REM SD rats received no injection, or saline 0.5 
mL/rat, or citalopram 20 mg/kg) [***P < 0.001 compared to respec-
tive group in sham-REM SD rats, ^^^P < 0.001 compared to control 
REM SD rats; n = 7].

Fig. 4. Depressive-like behavior (sec, the duration of immobility) in 
all experimental groups (control or sham-REM SD or REM SD rats 
received no injection, or saline 0.5 mL/rat, or citalopram 20 mg/kg) 
[n = 7].
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red in all groups (P < 0.001) and citalopram had no effect 
(Figure 5).  

3.6. Molecular results
BDNF- Significant differences between groups were 

measured using one-way ANOVA and showed differences 
(F2, 6 = 17.15, P < 0.01). BDNF expression levels were de-
creased in REM SD rats, as shown by the Post hoc Tukey 
test (P < 0.01). Citalopram reversed REM SD-induced 
BDNF downregulation (P < 0.01) (Figure 6). 

Catalase- Significant differences between groups were 
measured using one-way ANOVA and showed no diffe-
rences (F2, 6 = 0.80, P > 0.05) (Figure 7).	

MDA- Significant differences between groups were 
measured using one-way ANOVA and showed no diffe-
rences (F2, 6 = 0.28, P > 0.05) (Figure 8).

4. Discussion
As the results showed, REM SD potently increased lo-

comotor activity and rearing behavior, impaired memory 
performance, and decreased pain threshold. REM SD atte-
nuated BDNF expression levels, while it had no effect on 
CAT and MDA. On the other hand, citalopram reversed 
all the effects of REM SD on behavioral parameters and 
BDNF levels, while having no effect on CAT and MDA. 
Depressive-like behavior was also unaffected. Therefore, 
it seems that BDNF regulation is involved in the delete-
rious effects of REM SD and therapeutic effects of citalo-
pram, while CAT and MDA were unaffected.

REM SD has deleterious effects on cognition and 
behavior [10, 44, 45], while there are many inconsistent 
reports [24, 46]. REM stage of sleep is characterized by 
brain activity like wakefulness, atonia of postural muscles, 
and myoclonic events [47]. REM stage of sleep has a main 
role in the modulation of synaptic function, learning and 
memory processes [48, 49]. REM stage of sleep also cri-
tically modulates memory consolidation [50]. Early evi-
dence has shown that REM stage of sleep is significantly 
increased after learning sessions in rodents [51-53]. It has 

been reported that rats living in enriched compared with 
impoverished environments show increased REM sleep, 
although increases in non-REM sleep have also been ob-
served[54, 55]. REM SD often impairs memory formation 

Fig. 5. Latency to enter the dark chamber (passive avoidance memory 
performance) in all experimental groups (control or sham-REM SD 
or REM SD rats received no injection, or saline 0.5 mL/rat, or cita-
lopram 20 mg/kg) [***P < 0.001 compared to respective group in 
sham-REM SD rats; n = 7].

Fig. 6. BDNF expression level in experimental groups with signifi-
cant changes in behavior (control rats, REM SD rats, REM SD rats 
received citalopram) [***P < 0.001 compared to no injection, ^^^P < 
0.001 compared to REM SD; n = 3].

Fig. 8. MDA level in experimental groups with significant changes 
in behavior (no injection rats, REM SD rats, REM SD rats received 
citalopram) [n = 3].

Fig. 7. Catalase level in experimental groups with significant changes 
in behavior (no injection rats, REM SD rats, REM SD rats received 
citalopram) [n = 3].
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on complex tasks, shown in many preclinical studies [10, 
56-58]. It has been shown that REM SD potently disrupts 
passive avoidance memory [59, 60]. 

REM stage of sleep also has a main role in the modu-
lation of emotional reactivity and mood [61, 62]. The role 
of REM alteration in mood disturbances has been revea-
led in many studies. Evidence has shown that REM stage 
disruption may lead to mood disorders, or vice versa. For 
example, it has been shown that decreased REM sleep 
latency (faster entry into REM), a prolonged first REM 
period, and an increase in REM density are the important 
hallmarks of depression [63, 64]. Early evidence has re-
vealed that short (< 65 min) REM sleep latency predicts 
both response to antidepressant treatment and risk of re-
lapse in major depression [65, 66]. However, it has been 
shown that REM SD may decrease immobility in the for-
ced swim test [67]. A recent study has shown that chronic 
REM SD in female rats significantly decreases immobility 
in the forced swim test [10]. Another study has suggested 
that REM SD has an anti-immobility effect in the forced 
swim test [68]. In addition, many studies have considered 
an anti-depressant effect for REM SD [69-71]. Therefore, 
the interplay between REM stage of sleep and REM SD, 
and depression seems to be so complicated. The results of 
the present research showed impaired passive avoidance 
memory in REM SD rats, while immobility was unaffec-
ted.

In the open field test, REM SD rats showed hyperac-
tivity and increased rearing behavior. REM SD may lead 
to hyperlocomotion; however, evidence is so limited. For 
example, a recent report has shown that chronic REM SD 
induces hyperlocomotion in female rats [13]. Another stu-
dy has shown the same effect [10]. It has been shown that 
REM SD in rats increases rearing and crossing square in 
the open field test [12]. Another study has also shown that 
72h REM SD significantly increases rearing behavior in 
the open field test [72]. On the other hand, large evidence 
has shown changes in pain threshold following REM SD. 
Sleep disturbances drastically increase pain sensitivity in 
clinical and preclinical studies [73]. A previous study has 
shown hyperalgesia induced by REM SD in female rats 
[10]. It has been revealed that REM SD is closely corre-
lated with increased pain behaviour score in the thalamus 
[15]. Furthermore, significant increases in the behavioral 
responses to noxious mechanical, thermal, and electrical 
stimuli have been shown in rats exposed to REM SD [74]. 
The results of the present research showed hyperlocomo-
tion and increased rearing, but a decrease in pain thres-
hold, in rats exposed to REM SD.

Our data also showed no changes in CAT and MDA 
levels in the serum of REM SD rats. Catalase (CAT) is 
an enzyme ubiquitous in living organisms that has a main 
role in mitigating oxidative stress via catalyzing the de-
composition of hydrogen peroxide (H2O2) into water and 
oxygen [75]. On the contrary, malondialdehyde (MDA) 
is an important biomarker to measure oxidative stress in 
various biological samples [76]. Total and REM SD may 
affect the level of CAT and MDA, although evidence on 
the effect of REM SD is limited. Previous study has shown 
that total SD for 24h (but not 4h) significantly decreases 
CAT and increases MDA levels in the serum of rats [4]. 
Another study has shown that 24h total SD decreases CAT 
and increases MDA levels in the serum of rats exposed to 
streptozotocin-induced Alzheimer's disease-like sporadic 

dementia [77]. Moreover, there are other studies with the 
same result [78, 79]. However, REM SD effects on CAT 
and MDA have not been well investigated. A previous 
study has shown that 72h REM SD in rats increases MDA 
and decreases CAT in the thalamus [15]. But more studies 
are needed. The present research has shown no changes 
in CAT and MDA serum levels following seven days of 
REM SD. However, since CAT and MDA were assessed 
only in serum, the possibility of region-specific oxidative 
alterations in brain tissues cannot be excluded. Therefore, 
the absence of changes in peripheral oxidative markers 
should not be interpreted as definitive evidence against the 
involvement of oxidative stress in REM SD–induced neu-
ral dysfunction.

This effect may be due to a compensatory mechanism 
after days of deprivation.

We also showed BDNF downregulation in the prefron-
tal cortex of rats, which was restored by citalopram. SD 
has deleterious effects on the function of BDNF. It should 
be noted that the molecular analyses in the present study 
were conducted with a relatively small sample size (n = 
3 per group), which may limit statistical power and the 
generalizability of the findings. Therefore, although the 
observed changes in BDNF expression are consistent 
with behavioral alterations, mechanistic interpretations 
should be made with caution. Future studies employing 
larger sample sizes and complementary protein-level ana-
lyses are required to confirm these findings. Many studies 
shown BDNF downregulation following total SD [80, 81] 
or REM SD [10, 82]. However, BDNF changes induced 
by REM SD are controversial and some studies have 
shown BDNF upregulation [23, 24, 70]. With respect to 
the normal level of CAT and MDA, it seems that BDNF 
downregulation in the prefrontal cortex is involved in the 
deleterious effects of REM SD on memory and behavio-
ral functions. On the contrary, citalopram restored BDNF 
levels. Therefore, we suggested that BDNF upregulation 
may be an important mechanism induced by citalopram 
for its pro-cognitive effect. Previous studies have also 
shown this effect [30, 31], although inconsistent reports 
have also been reported [26, 27].

Due to a wide-range of inconsistent reports, the pre-
sent study was conducted and showed that 7 days (6h/
day) REM SD increased locomotor activity and rearing, 
decreased pain threshold and BDNF levels in the prefron-
tal cortex, and did not affect depressive-like behavior, and 
CAT and MDA serum levels. On the other hand, Citalo-
pram partially ameliorated REM SD–induced behavioral 
alterations, particularly locomotor hyperactivity, rearing 
behavior, pain sensitivity, and BDNF downregulation, 
while it failed to improve passive avoidance memory via 
upregulating BDNF levels in the prefrontal cortex.
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