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ABSTRACT

Depression is among the most prevalent diseases worldwide. Researchers have identified a link
between depression and different types of memory loss, including short term memory (STM). Also, the
memory impairment in depression is a function of severity. This study was conducted to evaluate the
effect of antidepressant medication on short term memory in chronic mild stress (CMS) mouse model of
depression. A total of eighteen female mice were randomly divided into three groups of six mice each
(n=6). Group | served as normal control, group Il were exposed to CMS for 14 days, group lll were
exposed to CMS for 14 days, and thereafter treated with paroxetine at a dose of 20 mg/kg for 14 days.
Short term memory was assessed using batteries of cognitive tests including the Y-maze and novel
object recognition. Further antidepressant effect was measured using the tail suspension test (TST).
The results showed that paroxetine at 20 mg/kg significantly improved the short term memory of the
depressed female mice (p<0.05) in the Y-maze and novel object (recognition) tasks after CMS.
Therefore, paroxetine might be used to enhance short term memory in depressed individuals, although
clinical studies are required to confirm this finding.
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INTRODUCTION

Depression is a common neuropsychiatric disorder
characterized by change in mood, lack of interest in
pleasurable activities (anhedonia), weight gain, sleep
problems like insomnia, fatigue, feeling of
worthlessness, difficulty in concentration and suicidal
thought. Symptoms have to persist for more than two
weeks for an individual to be diagnosed with
depression (Moledina et al. 2018). Depression is a
debilitating cluster of symptoms that may persist for a
period of weeks, months or even years (Dabana and
Gobir 2018). Clinically, depressions is characterized
by anhedonia, sleep disturbances, reduced food
intake, decreased locomotor activity, increased
sensitivity to pain and deficits in cognition and energy
(Knapen et al. 2009; Liu, et al. 2016). Depression is
among the most prevalent disease worldwide. It is

estimated that by 2030 depression related morbidity
rates will rise, and depression as one of the leading
causes of disability will increase significantly in the
total burden of disease (Milanovic et al. 2015).
Depression affects more than 168 million people
worldwide and is one of the major causes of disease
burden, accounting for the fifth highest global years
lived with disability. It is also one of the key factors for
impaired quality of life in patients with chronic
diseases (Lee and Giuliani 2019). The main
symptoms of depression are due to functional
deficiency in the level of monoaminergic
neurotransmitters  like norepinephrine (NE), 5-
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hydroxytryptamine (5HT) and dopamine (DA) in the
brain (Carlson 2005). Factors associated with major
depression, according to a study, are lack of
education, being unmarried, and being unemployed
(Ademola et al. 2019). Depression, considered as the
most common psychological problem in individuals
often lead to cognitive impairment due to a reduced
level of neurotransmitters that control mood in the
brain (Walia 2017). Paroxetine, a type of highly
selective 5-hydroxytryptamine (5-HT) - reuptake
inhibitor, inhibits 5-HT reuptake in synapses and
increase their nerve conduction rate, exerting
antidepressant effects (Han et al. 2015). Cognitive
disturbances are often reported as serious
incapacitating symptoms by patients suffering from
major depressive disorders (MDDs). Such deficits
have been observed in various animal models based
on environmental stress (Darcet et al. 2014).
Depression and cognitive impairment are considered
as part of the major neurological disorders in the
world. It was found that long-term therapy with certain
antidepressants may also be linked to cognitive side
effects in adult subjects with Major depressive
disorder (MDD) (Bortolato et al. 2016). Neuroimaging
studies have found that depressed patients show
structural and functional changes (such as promoting
transporter proteins for uptake of monoamines and
irregularities in neurotransmission) in brain structures
critical for learning and memory, such as the
prefrontal cortex, hippocampus and the amygdala
(Zarate et al. 2006; Yu et al. 2011). However, the
neurobiological underpinnings of cognitive deficits in
depression remain poorly understood. Some studies
have shown that classic antidepressant drugs can
effectively increase cognitive function (Outhred et al.
2013), however, the effect of antidepressant
medication on spatial and non-spatial short-term
memory in experimental mouse model of depression
remained to be determined. Thus, the aim of this
study was to evaluate the cognitive enhancing effect
of anti-depressant medication on mouse model of
depression.

MATERIALS AND METHODS
Drug Preparation and Administration
Seroxat (paroxetine hydrochloride) 20 mg/kg was
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purchased from TEVA Limited, United Kingdom,
Eastbourne, BN229AG (Licence number:
PL0O0289/0521; Batch number: 83730-V; LOT
number: 014123). Ten milligram of the seroxat was
dissolved in 5 mL of distilled water, to prepare a stock
concentration of 2 mg/mL. The mice were weighed
using weighing balance and the seroxat was
administered orally in a volume equal to their body
weight using 1 mL syringes and cannulas. The
treatment was performed once daily between 8:00
a.m. to 10:00 a.m. In previous studies conducted
(Kantor et al. 2017), the effective dose of paroxetine
that did not induce sedation was found to be 20
mg/kg.

Table 1: Tail suspension test schedule

T CMS period T CMS + treatment period T
0 week 2 weeks 4 weeks
TST TST TST

Key- TST: tail suspension test, CMS: chronic mild stress

Animals

Eighteen female healthy adult Swiss albino mice
weighing 18-25 g were used for the studies. They
were obtained from the Animal House, Faculty of
Pharmaceutical Sciences, Ahmadu Bello University
(A.B.U) Zaria-Nigeria. They were housed individually
in plastic cages containing sawdust bedding and fed
with pellets made from grower’s mash, maize offal as
binder and access to water ad libitum. All efforts were
made to minimize animal suffering and to reduce the
number of animals used. All the experimental
procedures on animals were in accordance with
regulation on the care and use of laboratory animals
(NIH, 1996) and Ahmadu Bello University research
policy.

Animal groupings: The mice were randomly
assigned into three groups of six animals each as
follows: Control, kept under normal conditions with
free access to food and tap water; CMS mice were
exposed to chronic mild stress to induce depressive
like symptoms for 14 days; CMS + Paroxetine: The
mice were post-treated with 20 mg/kg of seroxat

Table 2: Chronic Mild Stress Schedule

Days Mon Tue Wed Thu Fri Sat Sun Mon Tue Wed Thu Fri Sat Sun
1 2 3 4 5 6 7 8 9 10 1 12 13 14
Morning TC DS EC SS EW EC NC TC WN SS PS EC NC TC
session 2h 1h 3h 3h 2h 3h 4h 2h 6h 3h 1h 3h 4h 2h
Evening PS WN Ol DS WN Ol SS PS EC DS WN EW Ol PS
session 1h 6h 12h 1h  6h  12h  3h 1h 3h 1h 6h 2h 12h 1h

TC: Tilted cage, DS: Dam sawdust, EC: Empty cage, SS: Social stress, EW: Empty cage + water, NC: New clean cage, PS:

Predator sound, Ol: Overnight lllumination, WN: White noise.
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(paroxetine) for 14 days, after inducing depressive-
like behaviours by chronic mild stress (Kantor et al.
2017; Yusha'u et al. 2019).

Mice were brought to the neurobehavioural room, 30
min before each of the behavioural test to allow
acclimatization to the test room.
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Fig. 1: Immobility time of CMS-induced depressed
mice. (n=6). CMS increased behavioural despair
compared to control group in TST 2 (p<0.05). Results
presented as Mean = SEM. CMS: chronic mild stress,
TST1: Tail suspension test before depression, TST2: Tail
suspension test after depression, TST3: Tail suspension
test after treatment.  Statistically significant compared to
control group

Assessment of Behavioural Despair using Tail
Suspension Test (TST)

The tail suspension test is a well characterized test
for assessing depressive-like and antidepressant-like
activity (Cryan et al. 2003). The test was carried out
essentially as described by Steru et al. (1985) with
slight modifications. Mice were brought into the
neurobehavioural laboratory 30 min prior to testing
for acclimatization. The testing room was kept in
normal lighting during the test. Adhesive tape (17 cm
in length) was marked at 2 cm of both ends. The tail
of the mouse was tightened at 2 cm from one end
living approximately 1 mm from the tip of the tail,
while the other end was suspended on the
suspension bar (1 cm height x 1 cm width x 60 cm
length). The suspension box (made of wood with the
dimension 55 heights x 60 widths x 12 cm depth)
was wiped thoroughly after each session with 70%
ethanol to prevent olfactory cues. A climbing stopper
(4 cm length, 1.6 cm outside diameter, 1.3 cm inside
diameter) was used to prevent the animal from tail
climbing during the experiment. Each animal under
study was isolated from other animals during the test.
Each mouse was suspended in the middle of the
compartment in which the width and depth were
sufficiently sized so that the mouse cannot contact
the walls. Further, the approximate distance between
the mouse's nose and the apparatus floor was 20-25
cm. The test was conducted for 6 min and immobility
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was measured during the last 4 min, using a
stopwatch. TST was conducted before inducing
depression, after inducing depression and .post-
treatment with anti-depressant medication.
Depression was induced using CMS.

Induction of Depression using Chronic Mild
Stress Mouse Model

The CMS regimen used in this study was based on
the procedure originally designed by Willner (1997)
and adopted to mice by Ducottet et al. (2003).
Briefly, mice were exposed to different stressors
such as; empty caging, empty caging with 100 mL of
water, new clean cage, soiled caging, tilted caging at
an angle of 45°, social stress (switching cages),
predator sounds for 30 min (meowing sound),
overnight illumination, and white noise (static radio
sound). These stressors were applied randomly in an
unpredictable way for 14 days. Behavioural despair
using TST was measured as outlined above in the
TST section.

Assessment of Working Memory using Y-Maze
Model

The Y-maze is a simple two-trial recognition test for
measuring spatial recognition memory, it does not
require learning of a rule, and thus, is useful for
studying memory in rodents, and in particular for the
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Fig. 2: Spatial short-term memory of mice. (n=6).
Paroxetine improved short-term memory of CMS-induced
depressed mice (p<0.05). Results presented as Mean +
SEM. CMS: chronic mild stress, SPA: spontaneous
alternations; * Statistically significant when compare to
control group; ? Statistically significant when compared to
CMS group

study of genetic influences on the response to
novelty and recognition processes (Vasundhara et al.
2013). Y-maze apparatus was made up of wood,
consisting of three arms with an angle of 120°
between each of the arms. The two equal arms
dimensions were 7 x 15 x 12 cm (width x length x
height) and one longer arm 7 x 20 x 12 cm. The
three arms were randomly designated: start arm, in
which the mouse started to explore (A), (B), and the
other arm (C) novel arm. On the first trial (training
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session), arm C was blocked and mice were allowed
to explore arms (A) and (B) for 5 min. In the second
trial (testing session), all arms are open and mice are
allowed to explore the arms for 15 min. The maze
was disinfected with 70% ethanol between each
animal to avoid influence of olfactory cue of the
previous animal on the behaviour of the succeeding
animal. Mice tend to explore the maze systematically,
entering each arm in turn. The ability to alternate
requires that the mice know which arm they have
already visited. Alternation is defined as the number
of successive entries into the three arms. This was
done to all the three groups of normal control, chronic
mild stress and the treatment groups. The number of
visits to the novel arm (C) and number of alternations
were manually scored by visual inspection.

Assessment of Short-term Memory using Novel
Object Recognition Test
The apparatus used consists of opaque plastic
measuring 42 x 52 cm. The walls were 40 cm high. It
involves two phases: training and testing (Zhang et
al. 2012). In the training phase, two identical objects
were placed at opposite positions within the box at
same distance from the nearest corner; mice were
then allowed to freely explore the objects for 5 min
and were then returned to their home cages. One
hour later, the mice were placed back in the novel
object recognition task (NORT) arena, where one of
the two familiar objects was switched with a novel
object, and here also animals were allowed to
explore the objects for 5 min. The objects used in this
study were of the same shape and sizes, except in
the novel object for the testing phase and were firmly
fixed to prevent displacement. To preclude the
existence of olfactory cues, the entire box and
objects were always thoroughly cleaned with 70%
ethanol after each trial. Object exploration time was
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Fig. 3: Non-Spatial short-term memory of mice.. (n=6).
Paroxetine improved non-spatial short-term memory of CMS-
induced depressed mice (p<0.05). Results presented as Mean +
SEM. CMS: Chronic Mild Stress, NORT: Novel object recognition
test; * Statistically significant when compared with control group;
# Statistically significant when compared to CMS group
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defined as the length of time the animal directed its
nose within 2 cm distance to the object or sniffing or
pawing the object. Location preference and
recognition index (RI) during the testing phase was
manually scored using a counter and a stopwatch.

Statistical Analysis

Data obtained were expressed as mean + SEM. One
way analysis of variance was used to analyse means
of behavioural scores for each of the three
behaviours test followed by Turkey’s post hoc for
multiple comparison. Values with p<0.05 were
considered statistically significant. Statistical analysis
was performed using statistical package for social
science (SPSS), version 22.0 for Windows.

RESULTS

Effect of Antidepressant Medication on Behavio-
ural Despair using Tail Suspension Test in
Chronic Mild Stress Mouse Model of Depression
The result obtained showed that there was no
statistically significant difference in the immobility
time (behavioural despair) before inducing
depression between the groups [F (2, 15) = 1.860, P
= 0.19] (P > 0.05). However, there was a statistically
significant  difference in the immobility time
(behavioural despair) between the groups [F (2, 15)
=16.90, p=0.000] after inducing depression using
CMS. Tukey's post hoc test comparison revealed that
the immobility time of the control group (102.33 +
22.53) was significantly different from the depressed
group (CMS) (246.83 + 7.10), but there was no
difference in comparison with the treatment group
(CMS + paroxetine) after treatment.

Influence of Antidepressant Medication
(Paroxetine) on Short-Term Memory in Mice
Exposed to Chronic Mild Stress Model of
Depression

The result showed that there was a statistically
significant difference in the novel arm (C) entries
between the groups [F (2, 15) = 53.680, P = 0.000].
Tukey’s post-hoc test comparison revealed that there
was a statistically significant difference between the
control (185.50 = 10.49) and treatment group (152.67
+ 5.20), as well as the depressed group (66.33 +
8.64). There was also a significant difference when
the treatment group (152.67 + 5.20) was compared to
the depressed group (66.33 + 8.64).

Furthermore, in the spontaneous alternation (SPA),
the result showed that there was statistically
significant difference between the groups [F (2, 15) =
5.994, P=0.012]. The Tukey's post hoc test
comparison revealed that there was a statistically
significant difference between the control (20.33 %
3.33) and treatment groups (24.58 £ 5.00), as well as
the depressed group (39.64 + 6.02). There was also
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a statistically significant difference between the
treatment (24.58 + 5.00) and depressed groups
(39.64 + 6.02).

Influence of Antidepressant Medication
(Paroxetine) on Short-term Memory Using Novel
Object Recognition Test in Mice Subjected to
Chronic Mild Stress Mouse Model of Depression
Turkey's post hoc test comparison revealed that
there was statistically significant difference with the
depressed group (43.14 £ 5.42) compared with the
control (63.58 + 5.68). There was also a significant
mean difference when the treatment group (69.63 *
3.76) was compared to the depressed group (43.14 +
5.42).

DISCUSSION

According to the World Health Organization (WHO),
the global prevalence of depression is 4.4% with
approximately 322 million people living with
depression (Abdelhalim et al. 2019). Depression may
cause short term memory loss. A 2018 study found
that memory complaints had correlation with more
severe symptoms of depression in people (Schweizer
et al. 2018). This study was carried out to evaluate
the influence of paroxetine (seroxat) an
antidepressant medication on short term recognition
memory in depressed mice. The result obtained on
the effect of antidepressant medication on immobility
time (behavioural despair) indicates a significant
increase in immobility time for the depressed mice
after undergoing chronic mild stress (CMS) when
compared to the control group, whereas those
treated with paroxetine showed a decrease in the
immobility time. This further confirmed that the drug
(paroxetine) has antidepressant activity. The extent
of immobility is thought to be associated with the
depressive-like behaviour of the mice and is
diminished significantly by antidepressant paroxetine,
which is similar to the report of Aslam (2016) and
Walia (2016) that antidepressant drug, fluoxetine
reduced the immobility period of stressed mice in tail
suspension test. This is contrary to the study of Bali
et al. (2016), which showed no statistically significant
effect of paroxetine on the elderly with depression.

The results of the Y-maze test showed a significant
relationship between depression and working
memory in mice. The working memory was
attenuated or decreased by induction of depression
through chronic mild stress when compared to the
control. This result coincides with Lauer et al. (1994)
and Schweizer et al. (2018) who reported that highly
depressed patients demonstrated performance deficit
relative to non-depressed and low depressed on
auditory verbal learning test; stressing that memory
impairment in depression varied as a function of
severity. Depression is proposed to often lead to
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cognitive impairment due to a reduced level of brain
neurotransmitters, especially serotonin that control
mood (Walia 2017). Paroxetine enhanced the
working memory in mice as reflected in this study for
time spent in arm C in the CMS + Paroxetine group,
which is in accordance with study of Han et al.
(2015), who reported that paroxetine improves
memory and learning functions in rat a model of
depression. This can be explained by the action of
antidepressants to centrally normalize levels of
neurotransmitters like serotonin in the prefrontal
cortex and the amygdala.

The results of novel object recognition test revealed
that cognition in the mice was decreased (on
comparison with control) after depression by CMS.
Moreover, there was also a significant increase in
percentage preference after treatment with
paroxetine. This result coincides with findings of
Elizalde et al. (2008) which states that mice exposed
to CMS displayed impaired memory in NORT, while
paroxetine treatment reverted the impaired
recognition memory and the long term effects of CMS
were partially prevented by chronic paroxetine (10
mg/kg/day). This may be explained by the fact that
cognitive impairments associated with depression
affect the brain with an emphasis on various aspects
of executive function such as memory, attention, as
well as problem-solving. These deficits are related to
patterns of brain activity observed in prefrontal
cortex, amygdala, hippocampus and parts of the
anterior cingulate cortex in the experience of
emotional state and depression (Gotlib and
Joormann 2010), The test also revealed that
application of antidepressant medication increased
the cognition in mice when compared to both the
controls and the depressed group. Therefore, this is
an indication of a positive influence of the selective
serotonin reuptake inhibitors (SSRI), paroxetine on
learning and memory in depressed mice. This is
probably due to the effect of antidepressant
medication like paroxetine to increase the
concentration and availability of the monoamines;
serotonin, norepinephrine and dopamine in the brain
areas like the prefrontal cortex, dorsal raphe nuclei,
amygdale and hippocampus, by inhibiting the action
of transporter proteins for re-uptake of these
monoamines in such brain areas. Others like
ketamine an N-methyl-D-aspartate receptor
antagonist also restored normal levels of glutamate in
regions of the brain like hippocampus, amygdala,
caudal putamen and dorsal raphe. Antidepressant
medications tend to repair irregularities in
neurotransmission in those brain areas concerned
with cognition and memory, which are impaired by
depression (Zarate et al. 2006).

Conclusion
From the study, depression decreases cognition.
However, antidepressant medication, paroxetine, a
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form of selective serotonin reuptake inhibitors
(SSRIs) enhanced both spatial and non-spatial short
term memory in depressed mice.
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