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Abstract Many models, such as chronic mild stress, chronic stress or chronic corticosterone injections are used to induce
depression associated with cognitive deficits. However, the induction period in these different models is still long and face
constraints when it is short such as in the chronic mild stress done in a minimum period of 21 days. This study aimed to
characterize a model of depression with early onset cognitive deficit. 14 days combined chronic injection of corticosterone
followed by 2 h restraint stress using a restrainer was used to induce depression with early cognitive deficit onset. The forced
swim test, sucrose test and plasma corticosterone concentration were used to assess depression-like characteristics. The Morris
water maze, novel object recognition task, as well as hippocampal acetylcholinesterase activity were used to assess cognitive
deficit. The combined corticosterone injection + chronic restraint stress group presented with marked depression-like behaviour
and a higher plasma corticosterone concentration compared to corticosterone injection alone and restraint stress alone. It also
showed an alteration in the learning process, memory deficit as well as increased acetylcholinesterase activity compared to
corticosterone injection and restraint stress alone groups. These findings suggest that the combined corticosterone administration
and chronic restraint stress can be used not only as an animal model for severe depression, but also for depression with early onset
cognitive deficit.
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Introduction

According to the World Health Organization (WHO 2012),
depression is estimated to affect around 350 million people
across the world, making it the leading cause of disability
worldwide in terms of the total years lost due to disability
(Baune and Renger 2014). Several lines of evidence suggest
that depression arises from a combination of genetic and envi-
ronmental factors (Gold 2015). Amongst all the environmental

risk factors, stress is the major one, and its exposure can lead to
/or exacerbate many neuropsychiatric disorders including de-
pression (Duman et al. 2016). There is a well-established con-
nection between stress-mediated hyperactivity of the hypothal-
amus– pituitary–adrenal axis (HPA) and depression (Barden
2004; Mazurka et al. 2016; Di et al. 2017). This connection is
primarily associated with reduced expression and function of
glucocorticoid receptors (GRs) which may lead to feed-back
inhibition, resulting in elevated levels of circulating glucocorti-
coids and protracted responses to stressors (O’Keane et al.
2012; Farrell and O'Keane 2016; Di et al. 2017). While early-
onset depression is associated with greater disease severity and
higher levels of recurrence (Castaneda et al. 2008; Darcet et al.
2016), it is also often accompanied by cognitive deficits
(McIntyre et al. 2013), with an estimated two-thirds of de-
pressed patients presenting with impaired cognition (Abas
et al. 1990; Butters et al. 2004; Afridi et al. 2011; Rock et al.
2014). Several models exist in attempts to study cognitive def-
icits associated with depression or to understand the aetiology
of the disease, implicating a correlation between the two (Wang
and Blazer 2015; Depp et al. 2015). Interestingly, notwithstand-
ing of the stressor type, in experimentally induced depression
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with associated cognitive deficits (restraint, maternal separa-
tion, prenatal stress, or chronic corticosterone administration),
animals exhibit cognitive deficits after an average period of
4 weeks (Mehta et al. 2017; Coburn-Litvak et al. 2003). For
example, exposure to restraint stress 1 h per day for 40 days was
used to induce depression with cognitive deficits (Gamaro et al.
1999). Since the duration of these protocols is still fairly long,
the chronic mild stress (CMS) procedure was then proposed,
consisting of a variety of unpredictable mild stressors for a 5-
weeks period with the stressors set for a week and the repetition
starting again after the stressing procedure of the previous week
being over (Song et al. 2006). Interestingly, Mc Laughlin and
colleagues in 2007 succeeded to impair the spatial memory in a
shorter time by restraint stress for 6 h per day for 21 consecutive
days. However, this protocol was limited because the impair-
ment affected only the spatial memory and therefore an alter-
native method of chronic stress paradigms was required. A
new method of depression with cognitive deficits induc-
tion was developed by chronic injection of corticoste-
rone which ablated the need for a physical stressor
(Coburn-litvak et al. 2003; Wong and Herbert 2005;
Kott et al. 2016). Coburn-litvak and colleagues in
2003 first showed that a 56 days consecutive injection
of corticosterone (26.8 mg/kg) to male Sprague–Dawley
rats impaired spatial working memory in the Y-maze.
Later on, Wong and Herbert (2005) showed that a
27 days administration of corticosterone (40 mg/kg) in
Lister hooded male rats reduced hippocampal neurons surviv-
al that may impaired hippocampal-dependent memory
consolidation and memory retrieval. Additionally, Kott et al.
(2016) showed that administration of corticosterone (40 mg/
kg) to female Sprague Dawley rats for 23 days increased the
immobility time and lowered neurogenesis levels in the ven-
tral hippocampus.

A recent study by Mehta et al. (2017) showed that male
Swiss albino mice experienced cognitive deficits after 21 days
of chronic unpredictable stress (CUS) using a combination of
different stressors or length of stress per day with no repeti-
tion. A particular task was assigned each day to allow for
unpredictability which may lead to the impaired spatial and
episodic memories. Although many models have been used to
reduce the onset of cognitive deficits (Gamaro et al. 1999;
Coburn-Litvak et al. 2003; Wong and Herbert 2005; Song
et al. 2006; McLaughlin et al. 2007; Kott et al. 2016; Mehta
et al. 2017), there have been no hypothesis about the effect of
a combination of two models such as restraint stress and
chronic corticosterone injection. This combination can reduce
the constraints faced in the 21 days chronic unpredictable
stress, or the long time period observed in a period of 27 days
in chronic corticosterone administration and therefore can
shorten the onset of the cognitive deficit in major depressive
disorder. Hence, we hypothesized that the combination of
chronic restraint stress and chronic administration of

corticosterone, mimicking stressful events can present a syn-
ergistic effect and can induce an early onset of cognitive def-
icit in major depressive disorder. Thus, this study aims first to
characterize a model combining two stressors leading to a
severe depression-like phenotype; and further to assess the
occurrence of cognitive deficits after this short time period
of induction.

Materials and methods

Experimental animals

Young adult Swiss albino mice (8–10 weeks old) from both
sexes (n= 44), weighing 19–25 g at the beginning of the exper-
iment, were obtained from the Animal veterinary laboratory
(LANAVET) Garoua, Cameroon. The animals were housed in
polyacrylic cages and were randomly distributed in each group
following a setup of 5 females and 6 males for a total of 11
animals in each group. At the beginning of the experiment mice
were gathered together according to their respective group before
being split in subgroups according to sex.Meaning in each group
there was a subgroup of female and male. Food and water was
available ad libitum. Mice were treated in accordance with the
guidelines of the Cameroonian bioethics committee (reg
N°.FWA-IRB00001954) and in accordance with NIH- Care
and Use of Laboratory Animals manual. Efforts were also made
to minimize animal suffering and to reduce the number of animal
used in the experiment.

Swiss Albino mice were used in the present study as they
have been used extensively as a primary screen in different
models of depression. They are less expensive, require less
test substance, and present stable levels of immobility after
only a single exposure to the forced swim test and are sensitive
to drugs that produce antidepressant-like activity (Castagné
et al. 2010; Ngoupaye et al. 2014).

Treatments

Corticosterone (Sigma Aldrich, St Louis, USA), emulsified in
distilled water and 5% tween 80 (Sigma Aldrich, St Louis,
USA) was administered subcutaneously at a dose of 40 mg/
kg with an injection volume of 1 mL/kg. The other group of
animals was injected with vehicle (distilled water and 5%
tween 80). Corticosterone 40 mg/kg, was used, based on the
previous studies showing that two weeks corticosterone
(40 mg/kg) injections induce depressive -like behaviour; how-
ever, it was not enough to induce cognitive deficit (Wong and
Herbert 2005; Lussier et al. 2013; Yau et al. 2016).

All the animals received either corticosterone injections or
vehicle every day from 9:00 am for 14 days one hour before
the restraint stress (Fig. 1).
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Restraint stress

Restraint stress of the animals was carried out one hour after
the corticosterone injection, by placing mice individually in a
ventilated polypropylene tube (diameter of 3 cm and length of
10 cm, and with a 1 cm hole in the wall of the cylinder for air
diffusion) for 2 h every day for 14 days.

The procedure was performed with an alteration of restraint
time, to avoid familiarization, according to this schedule:

Day 1 = 2 h + 0 h, Day 2 = 1 h + 1 h, Day 3 = 0 h - 2 h, Day
4 = 2 h + 0 h, Day 5 = 1 h + 1 h, Day 6 = 0 h - 2 h, Day 7 = 2 h +
0 h, with 1 h pause between restraint sessions. During the 1 h
pause, animals were returned to their home cage in the housing
room. The schedule was repeated for the next seven days. All the
animals from the control group were handled daily for the dura-
tion of the 14 day.

The sucrose preference test (SPT)

The SPT was conducted over a 24 h period (9:00 a.m. to
9:00 a.m.) from day 14 to day 15, immediately after CORT
or vehicle injection. The animals were tested for sucrose pref-
erence. For this purpose, two bottles were presented to the
animals for 24 h. One bottle contained pure drinking water
and the other 5% sucrose solution. The bottle positions were
changed every 12 h during 24 h period in order to prevent the
development of place preference. All bottles were weighed
and converted to ml, prior to and after each 12-h period to
measure liquid consumption. The preference for sucrose solu-
tion was calculated using the formula (ml sucrose)/(ml sucrose
+ ml water). Food was available ad libitum during the whole
period of testing.

Novel object recognition task

The novel object recognition task (NORT) was conducted to
assess the mice’s ability to recognize a novel object, determined
by their exploratory behavior. This task measures the ability to
discriminate between novel and familiar, previously encountered
objects. Familiarization of the animals with the experimental
procedures occurred on the first 3 days, where the animal was
individually placed in an empty open field without any objects.
The mice were habituated to the open field by allowing them to
explore it without the objects for 15 min every day for 3 days
prior to the test. The tests (sample phase and test phase) were
performed on the 4th day. The objects were two small identical
wooden cubes located in an open field, a square wooden box
(40 × 40 × 45 cm).

The NORT is devided into two phases; 1) the sample phase,
where each animal was exposed to the object for 5 min; and 2)
the test phase, where one object was replaced by a novel
object and the time spent exploring the novel and the familiar
objects were recorded for 5 min. The test phase takes place
one hour after the sample phase.

The objects were cleaned between testing with ethanol
70%. Intact memory is evidenced by subjects spending more
time investigating the novel object.

Forced swim test

The forced swim test was performed on day 14 and 15,
one hour after the NORT. It is a well-characterized model
used to assess despair in mice (Hirani et al. 2002;
Ngoupaye et al. 2014). Briefly, animals were placed in a
cylindrical Perspex tanks (25 cm height, 10 cm diameter),
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Fig. 1 Diagrammatic depiction of the experimental procedure. Restraint: Restraint stress; MWM: Morris water maze; NORT: Novel object recognition
test
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filled to a depth of 15 cm with water kept at constant
temperature of 22 ± 1 °C, and changed between animals
were used. Testing was performed in two phases, the in-
duction phase and the test phase. During the induction
phase, animals were placed in the water for 15 min, towel
dried and returned to their home cages. After 24 h, the
mice were placed in the same tank for 6 min.

The movements of the mice were recorded and the duration
of immobility (s), swimming and climbing, was measured
during this second test phase by an experienced observer that
was blind to the experimental conditions. In order to minimize
interference with the animal’s behaviour, the observer
remained at the same location in the room during all trials
(Cannizzaro et al. 2001). The behavioural variable
Bimmobility^ was defined as: making no movements for at
least 2 s or making only those movements that were necessary
to keep the nose above water. Mice were allowed to move
their forepaws slightly or support themselves by pressing their
paws against the wall of the cylinder.

Morris water maze

The Morris water maze was used to evaluate spatial learning
and memory in experimental rodents. It is a circular tank (di-
ameter 100 cm and height 45 cm), which was filled with water
and maintained at 25∘C. The tank was divided into four equal
quadrants. A platform (diameter = 6 cm, height = 29 cm) cen-
tered in one of the four quadrants of the pool was submerged
approximately 1 cm below the surface of the water. The posi-
tion of the platform and visual cues (4) fixed in four sides of the
surrounding walls dividing the pool into equal quadrants were
kept constant throughout the training sessions. Each animal was
subjected to four consecutive acquisition training sessions from
1 pm daily on each day with each session lasting 60 s and an
interval of 5 min between sessions. During each training ses-
sion, the mice were allowed to locate the hidden platform and to
remain there for 20 s. If the animal was unable to locate the
hidden platformwithin 60 s, it was gently guided by hand to the
platform and allowed to remain there for 20 s. During each trial,
the latencies of mice to locate the hidden platform were record-
ed and the latency was considered to be an index of acquisition
and learning. On the 5th day, the platform was removed and
each mouse was allowed to explore the pool for 60 s. The
latency to enter the target quadrant and the total time spent in
the target quadrant were noted as indices of spatial memory
retrieval.

Neurochemical assays

Assessment of corticosterone level

One hour after the forced swim test on day 15, a set (4) of the
animals mice were decapitated, as the corticosterone level was

shown to be significantly high one hour after forced swim test-
phase exposure (Connor et al. 1997). Trunk blood was col-
lected in EDTA tubes and centrifuged at 3500 rpm for 15 min
and stored at −20 °C until analysis of plasma corticosterone
determinations using ELABSCIENCE enzyme immunoassay
kits commercially available.

Brain tissue preparation

One hour after the novel object recognition test on day 16, all
animals were decapitated, and a total of 4 animals per group
were randomly chosenwith regard to sex difference for further
neurochemical analysis. The hippocampus was removed from
the whole brain and used to prepare a homogenate for acetyl
cholinesterase (ACHE) determination. The brain was exposed
from its dorsal side. The whole brain was immediately re-
moved and cleaned with chilled normal saline on ice. A
10% (w/v) homogenate was prepared with 0.1 M phosphate
buffer containing 1%Triton-100X (pH 7.4). The homogenates
of hippocampus were individually centrifuged (15 min at
3000 rpm). The supernatant was used for assays of ACHE.

Determination of ACHE

The cholinergic marker, ACHEwas measured in hippocampal
tissue according to the method of Ellman (Ellman et al. 1961).
The enzymatic activity was assessed by measuring the yellow
colour obtained when thiocholine, released due to the cleav-
age of acetylthiocholine by AChE, reacted with 5,5′-dithiobis-
2-nitrobenzoic acid (DTNB). Briefly, 100 μL, 650 μL phos-
phate buffer (100 mM, pH 7.4), 100 μL of homogenate, and
25 μL of acetylthiocholine iodide (75 mM) as substrate were
added for AChE estimation. Absorbance was measured at
412 nm for 5 min at 1 min intervals using a Spectrumlab
752S. Acetylcholinesterase activity was expressed as nmol
of acetylthiocholine iodide hydrolyzed/mg protein/min. The
protein concentration was assessed by a commercially BCA
protein assay available kit.

Statistical analysis

Statistical analysis was performed using the software program
Graph Pad Prism version 5.00 (San Diego, CA, USA). The
Shapiro-Wilk normality test was used to assess the distribu-
tion of the data. When the data showed normal distribution,
parametric tests were used. Repeated measure ANOVA
followed by Newman-Keuls post hoc test was used to analyze
data from the probe test in the Morris water maze, sucrose
preference test, discrimination index from Novel object rec-
ognition tasks, forced swim test, open field test, sucrose test,
corticosterone level, and ACHE level in the hippocampus.
Two-way ANOVA followed by the Bonferroni test was used
to analyze data from exploration time in the Novel object

424 Metab Brain Dis (2018) 33:421–431



recognition task as well as learning. All data are presented as
mean ± S.E.M per group. When the P < 0.05, the difference
between groups was considered statistically significant.

Results

Effect of the combination of restraint stress
and corticosterone injection on the forced swim test

Figure 2 depicts the average activity of different groups re-
corded in the forced swim test using two-way ANOVA. There
was an interaction between the different parameters, immobil-
ity, swimming and climbing between groups [F(6,88) = 37.61;
p < 0.0001]. Two-way ANOVA showed that there was a sig-
nificant difference in time spent in the different parameters
between groups [F(2,88) = 614.6; p < 0.0001].

The Bonferroni post hoc test showed that the immobility
time was significantly higher in RS, CORT and CORT +RS
groups compared to the control (p < 0.05). The immobility
time of CORT + RS group was significantly longer than RS
and CORT groups alone (p < 0.001).

Differences in swimming time were also observed in the
three groups. A significant decrease of swimming time was
observed in the CORT +RS group compared to the CORTand
control groups (p < 0.05). While climbing time was signifi-
cantly decreased in CORT (p < 0.05) and CORT + RS
(p < 0.01) groups compared to RS and the control group
(p < 0.001).

Effect of the combination of restraint stress
and corticosterone injection on sucrose consumption

Figure 3a depicts the average liquid intake assessed in the
sucrose preference test after 14 days of chronic Restraint stress
and administration of corticosterone (40 mg/kg). One way

ANOVA showed that there was a difference amongst the
group (p < 0.0001). Post hoc test showed that CORT + RS
consumed more water [F(3,43) = 24.39; p < 0.0001] and less
sucrose [F(3,43) = 327; p < 0.0001] than the control, CORT
and RS alone. The sucrose consumption ratio further showed
that combined corticosterone and chronic Restraint, consumed
significantly less sucrose than the control, RS and CORT
alone (P < 0.001).

Effect of the combination of restraint stress
and corticosterone injection on plasma corticosterone
concentration

The average concentration of plasma corticosterone after
14 days of stress and measure one hour after the forced swim
test is depicted in Fig. 4. ANOVA one way showed evidence
of the combined stress activity, as the corticosterone concen-
tration was increased in all the stressed group as compared to
the control [F(3,11) = 21.13; p = 0.0004]. Amongst the three
groups stressed, CORT + RS showed a greater increase in cor-
ticosterone concentration (p < 0.001).

Effect of the combination of restraint stress
and corticosterone injection in the Morris water maze
test

Two way ANOVA showed that there was an interaction effect
between the different groups during the three days of learning
[F(6,48) = 2.593; p = 0.0294]. Mice immobilized (RS) and
those exposed to CORT treatment only, showed a decrease
time to reach the platform compared to the combined stress
(CORT + RS) throughout the three day of learning (p < 0.05).
The combined stress group CORT+ RS did not show
any difference on the second day compared to the con-
trol. By the third day the combined stress group
CORT+ RS showed a significant increase of the latency
to reach the hidden platform as compared to the control
(P < 0.01) (Fig. 5a).

Figure 5b depicts the average time spent in the target quad-
rant during the probe test, One way ANOVA showed that
there was significant decrease of the time spent in the target
quadrant between groups [F(3,27) = 10.11; p = 0.0002]. Post
hoc test further showed the difference between specific
groups. Combined stress group CORT+ RS showed a signif-
icant decrease in the time spent in the quadrant as compared to
the RS, CORT and the control (p < 0.001).

Effect of the combination of restraint stress
and corticosterone injection in the novel object
recognition task

Mice restricted (RS) and submitted to CORT treatment spent
more time exploring the familiar object than the other groups,

Fig. 2 Average activity of different groups recorded on the forced swim
test. N = 11. All the data are expressed as mean ± SEM. ap < 0.05,
cp < 0.001, when compared to control; *p < 0.05, **p < 0.01, when
compared to RS; # p < 0.05 when compared to CORT; two-way
ANOVA followed by Bonferroni test. CORT: Corticosterone injections
only; RS: Restraint stress CORT +RS = corticosterone + restraint stress
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which spent more time exploring the novel object. Two way
ANOVA showed that there was an interaction between the
different group [F(3,36) = 9.24; p = 0.0001]. It also showed
that a significant exploration time difference amongst the
groups [F(1,36) = 25.38; p = 0.0003]. Post hoc test further
showed that there was a significant difference in time spent
in the familiar and novel object in Control, RS and CORT
(Fig. 6a).

Figure 6b depicts the Discrimination Index. One way
ANOVA showed that there was a significant difference be-
tween groups [F(3,27) =3.343; p = 0.0058]. Post hoc analysis
confirm the preference for the familiar object inmice CORT +
RS (p < 0.01).

Effect of the combination of restraint stress
and corticosterone injection on AChE activity
in the hippocampus

Figure 7 depicts the average of hippocampal AChE activity in
the different groups. One way ANOVA further showed that
there was a difference between specific groups [F (3,15)
=15.17; p = 0.0002]. Post hoc test showed that mice subjected
to a combined stress showed an increase in ACHE activity as
compared to the control (P < 0.001). CORT +RS showed a
pronounced increase of ACHE activity compare to RS and
CORT (p < 0.001).

Discussion

Our studies aimed to characterize a model combining two
stress inducers leading to a more severe depression; and fur-
ther assess the occurrence of cognitive deficits after this short
time period of induction.

The forced swim test showed an increase in immobility
time in all the stressed group compared to the control.
CORT + RS showed a marked increase in immobility time
compared to RS and CORT alone, showing a pronounced
depressive behaviour in this group. Behavioural despair in
animals assessed in forced swim test have been related to an
increase in immobility time (Liu et al. 2017). Besides an in-
crease in immobility time as a core of behavioural despair,
anhedonia has been also shown as a core of depression. All
the stressed animals’ consumed less sucrose compared to the
control, with a marked decrease in CORT +RS compared to
the other stressed group. These finding are in agreement with
Ali et al. (2015) who found that three weeks of corticosterone

Fig. 3 Sucrose preference of the different groups after 14 days of
administration of corticosterone and restraint stress in mice. N = 11. All
the data are expressed as Mean ± SEM. cp < 0.001, when compare to
control; ***p < 0.001 when compare to RS; #p < 0.05 and ###

p < 0.001 when compare to CORT. ANOVA one way followed by
Newman Keuls test. CORT: Corticosterone; RS: Restraint stress
CORT +RS = corticosterone + restraint stress

Fig. 4 Effect of the combination of restraint stress and corticosterone
injection on corticosterone level in mice. N = 4. All the data are
expressed as Mean ± SEM. bp < 0.01, cp < 0.001, when compare to
control; #p < 0.05 when compare to CORT; *p < 0.001 when compare
to RS. ANOVA one way followed by Newman Keuls test. CORT:
Corticosterone; RS: Restraint stress CORT + RS = corticosterone +
restraint stress
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injection resulted in a decrease in the percentage of sucrose
consumption of Swiss albino mice, and attributed the reduc-
tion of sucrose intake to anhedonia, classified itself as a char-
acteristic of major depressive disorder (Wang et al. 2017).
Therefore the marked decrease in sucrose intake noted in the
RS + CORT group suggest the presence of a more severe de-
pression state.

Chronic stress in adulthood has been shown to be an in-
creasing factor for major depressive disorder (MDD) (Risch
et al. 2009). The well described effects of stress on suscepti-
bility to develop MDD have been supported by findings
showing that there are abnormalities in the hypothalamic–pi-
tuitary–adrenal (HPA) axis in patients with MDD which may

impact the release of glucocorticoids. The dysregulated HPA
axis is evidenced in humans by cortisol hypersecretion
(Barden 2004; Travis et al. 2016), and in animals by an in-
creased level of corticosterone (Ngoupaye et al. 2013; Harlé
et al. 2017). Our results showed that there was an increased
release of corticosterone in all the stressed groups, with a
marked release in CORT + RS. These data confirm the depres-
sive state, with a severe stage observed in animals that were
subjected both to RS and CORT. The combination of the ex-
posure to corticosterone injections and chronic restraint stress
could have been speculated to induce post-traumatic stress
disorders, due to the combination of stress happening in a
short period. Many studies have shown that post-traumatic

Fig. 6 Effect of the combination of restraint stress and corticosterone
injection in the Novel object recognition task. A- Represents the explor-
atory time between the two objects. B- Represents discrimination index.
N = 7. All the data are expressed as Mean ± SEM. bp < 0.05 when

compare to control; #p < 0.05 when compare to CORT;* p < 0.05; when
compare to RS. ANOVA followed by Student Newman - Keuls test.
CORT: Corticosterone; RS: Restraint stress CORT +RS = corticosterone
+ restraint stress

Fig. 5 Effect of the combination of restraint stress and corticosterone
injection in the Morris Water Maze test. A- Represents the latency to
reach the hidden platform. B- Represents the time spent in the target
quadrant. N = 7. All the data are expressed as Mean ± SEM. cp < 0.001,
when compare to TNe; ** p < 0.01; ***p < 0.001 when compare to RS.

#p < 0.05; ##p < 0.01; ###p < 0.001, when compare to CORT. ANOVA
two way followed by Bonferonni test; ANOVA one way, followed by
Student Newman - Keuls test. CORT: Corticosterone; RS: Restraint stress
CORT +RS = corticosterone + restraint stress
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stress disorder is related to a lower level of cortisol rather than
a high level, while major depressive disorder is related to a
high level (Connor et al. 1997; Zoladz et al. 2012; Flory and
Yehuda 2015). We therefore ruled out that speculation as in
our study we observed an increase level of corticosterone in
the combined stressed group, probably due to the severity of
the depression induced.

It has been well documented that corticosterone produces
its effects in the central nervous system via activation of glu-
cocorticoid and mineralocorticoid receptors (Robinson et al.
2016). Though these receptors are ubiquitous throughout the
brain, they are highly abundant in the hippocampus, where
they provide crucial inhibitory feedback signals to the HPA
axis, and make this structure highly responsive to changes in
stress hormones (Sapolsky et al. 1984; Jacobson and Sapolsky
1991; Lucassen et al. 2014; Robinson et al. 2016).
Furthermore, prolonged exposure to corticosterone can inhibit
the proliferation and survival of adult-born hippocampal neu-
rons, which have been shown to play an important role in the
behavioural and neuroendocrine components of stress re-
sponses in rodents (Gould et al. 1999; Snyder et al. 2011;
Robinson et al. 2016). Indeed, prolonged hippocampal expo-
sure to glucocorticoids, has been shown to induce a reduction
of hippocampal weight by negatively affecting hippocampal
plasticity (Dranovsky and Hen 2014; Vinkers et al. 2014).
Since the hippocampus is one of the essential structures of
the brain involved in cognitive function (Rubin et al. 2014),
it has been speculated that the reduced hippocampal size can
be a leading cause of memory deficit seen in people with
MDD (Murrough et al. 2011; Gray et al. 2013).

Many models of depression have been used to induce cog-
nitive deficit associated with depression. In this regard, chron-
ic stress induced either by restraint stress or exogenous gluco-
corticoids such as corticosterone have been used to induce

memory deficits (McLaughlin et al. 2007). However, the time
of memory deficit induction is long or face constraints, as seen
in a minimum of 21 days of chronic unpredictable stress
where by animals are exposed to a combination of daily dif-
ferent stressors such as Cold swim (8 °C) for 5 min, Tail pinch
for 1 min, Food and water deprivation for 24 h, Swimming at
room temperature (24 ± 2 °C) for 20 min, Overnight illumina-
tion, No stress, Tail pinch for 1.5 min, Cold swim (10 °C) for
5 min, Swimming at room temperature (24 ± 2 °C) for
15 min), Tail pinch for 2 min and Cold swim (6 °C) for
5 min. Each day had a particular task assigned to make the
stress unpredicted; or administration of corticosterone (40 mg/
kg) for 27 days (Coburn-Litvak et al. 2003; Wong and Herbert
2005; Can et al. 2012; Mehta et al. 2017) or a minimum of
40 days of 1 h per day of restraint stress (Gamaro et al. 1999).
Indeed, the hypothesis behind these three types of stress being
that, the prolonged exposure of the hippocampus to glucocor-
ticoids would affect neuronal plasticity (Coburn-Litvak et al.
2003; Lucassen et al. 2015). We therefore hypothesized that a
combination of two different chronic stressors can increase the
severity of the depression and then shorten the memory deficit
onset. Our results showed that neither two weeks of adminis-
tration of CORT (40 mg/kg) nor two weeks of 2 h restriction
altered the learning process during the three days training.
However, the combined stressors did not learn how to reach
the platform, as seen by the longest time observed to reach the
hidden platform on the third day, suggesting that the
prolonged exposure to the glucocorticoid have altered the syn-
aptic plasticity supporting the learning process, impairing the
spatial learning. Likewise, the probe test further supported
findings in the training phase, as the combine stressor group
showed a decrease time spent in the target quadrant, suggest-
ing a spatial reference memory deficit. These findings are in
agreement with recent studies which have shown that gluco-
corticoids impair the retrieval of hippocampus-dependent spa-
tial or contextual memory in rodents (de Quervain et al. 2009;
de Quervain et al. 2017). Indeed, theMorris water maze task is
commonly used to evaluate hippocampus-dependent spatial
long-term memory (Morris 1994; Vorhees and Williams
2006; Sprowles et al. 2016). Therefore, the combined stressed
group spending less time in the target quadrant indicates an
impairment of the spatial memory. Cognitive functions have
been also assessed in the object recognition task, which further
showed that animals from the combined stressors did not dis-
criminate the novel and familiar object, as seen during the
exploration time. In addition, they further spent more time in
the familiar object compare to the novel as shown the discrim-
ination index, confirming once more the learning and memory
deficit. The novel object test has been used to assess the short-
term as well as long-term episodic memory deficits (Abush
and Akirav 2012). Since the combined stress animals chose
the familiar rather than the novel object, this indicates that the
episodic memory assessed in this model has been impaired.

Fig. 7 Effect of the combination of restraint stress and corticosterone
injection on ACHE levels in the hippocampus of mice. N = 4. All the
data are expressed as mean ± SEM. cp< 0.001 when compared to control.
***p < 0.001, when compare to RS. ##p < 0.01 when compare to CORT.
ANOVA followed by Student Newman-Keuls, post hoc test. CORT:
Corticosterone; RS: Restraint stress CORT+RS= corticosterone + restraint
stress
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This also shows that this model has a shorter onset of deficit
than other models, and affect the spatial and episodic memo-
ries. Indeed, the episodic memory has been seen to be altered
in corticosterone induced cognitive deficit after 51 days of
consecutive administration (Coburn-Litvak et al. 2003), and
21 days of chronic unpredictable stress.

Acetylcholine (ACh) is the principal neurotransmitter
in the central nervous system, which plays a vital role
in cognitive functions (Kim et al. 2004; Reis et al.
2009; Drever et al. 2011; Deshmukh et al. 2015;
Haider et al. 2016). One of the most important mechanisms
responsible for correct cholinergic function is performed by
enzyme acetylcholinesterase (AChE). Excessive AChE activ-
ity leads to constant Ach deficiency and cognitive
impairments.

Our results showed an increase in AChE activities in the
combined stressor group. This increase in AChE support the
behavior changed observed in the Morris water maze and
novel object recognition task, confirming the memory deficit
in that group. Indeed, an increase in AChE has been associated
with memory deficits (de Fátima et al. 2015), confirming the
memory deficit in our model.

This was a preliminary study to assess the use of a combi-
nation of stressors to shorten the cognitive deficit onset in a
mouse model of major depressive disorder. The results show
that this model induces major depressive-like behaviour and
cognitive deficits in a shorter time period than the 4 weeks
average period use in various other models. Therefore, this
model may be used as an alternative animal model for chronic
depression induced memory deficit.
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