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Abstract: Depression-induced cognitive impairment has recently been given more attention in
research. However, the relationship between depression and different types of memory is still not
clear. Chronic unpredictable mild stress (CUMS) is a commonly used animal model of depression in
which animals are exposed to chronic unpredictable environmental and psychological stressors, which
mimics daily human life stressors. This study investigated the impact of different durations of CUMS
on various types of memory (short- and long-term spatial memory and recognition memory) and
investigated CUMS’ impact on the ultrastructural level by histological assessment of the hippocampus
and prefrontal cortex. Twenty male C57BL/J6 mice (6 weeks old, 21.8 ± 2 g) were randomly divided
into two groups (n = 10): control and CUMS (8 weeks). A series of behavioral tasks were conducted
twice at weeks 5–6 (early CUMS) and weeks 7–8 (late CUMS). A tail-suspension test (TST), forced
swimming test (FST), elevated zero maze (EZM), elevated plus maze (EPM), open field test (OFT), and
sucrose-preference test (SPT) were used to assess anxiety and depressive symptoms. The cognitive
function was assessed by the novel object recognition test (NORT; for recognition memory), Y-maze
(for short-term spatial memory), and Morris water maze (MWM: for long-term spatial memory) with a
probe test (for reference memory). Our data showed that 8 weeks of CUMS increased the anxiety level,
reported by a significant increase in anxiety index in both EPM and EZM and a significant decrease in
central preference in OFT, and depression was reported by a significant increase in immobility in the
TST and FST and sucrose preference in the SPT. Investigating the impact of CUMS on various types
of memory, we found that reference memory is the first memory to be affected in early CUMS. In late
CUMS, all types of memory were impaired, and this was consistent with the abnormal histological
features of the memory-related areas in the brain (hippocampus and prefrontal cortex).
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1. Introduction

Depression is a common mental disorder that represents an important health problem
worldwide. It is a known cause of global disease burden and disability [1]. According to the
Diagnostic and Statistical Manual of Mental Disorders (DSM-5), the diagnosis of a major
depression disorder requires the expression of five or more symptoms for at least two weeks.
One of the symptoms should be either a depressed mood or anhedonia (loss of interest). The
other secondary symptoms are weight or appetite changes, sleep abnormalities (hypo or
hypersomnia), psychomotor impairment, fatigue or a lack of energy, a lack of concentration,
feelings of excessive guilt, and suicidal ideation or attempts [2].

The prevalence of depression is about 6% of the population worldwide [3] with an
approximately 18% increase in the past decade. This prevalence during a lifetime reaches
about 15% [4]. This means that about one in five people experience at least one episode in
their lifetime [5]. The prevalence is twice as high in women than in men and, regarding age,
it rises in the second and third decades of life, with another increase in the sixth decade [6].

It is established that depression is associated with multiple disorders such as stroke [7],
diabetes [8], cardiac attacks [9], and cancer [10]. Even if depression is a consequence
of chronic disorders, comorbid depression is associated with the poor progression of
diseases [11]. In addition, depressed patients have a higher risk of suicide [12]. Based on
these findings, it is no surprise that depression is associated with a significantly higher risk
of early death [13].

Depression is not only considered a health issue but also a social and economic
problem. Several studies have declared that depression in students is associated with
educational problems [14,15]. It is clear that the personal incomes of depressed people are
significantly lower than those of people without depression [16].

Chronic exposure to multiple intermittent stressors can initiate cumulative physio-
logical stress responses, called the “allostatic load” [17]. The allostatic load is associated
with many systemic and psychological diseases [18]. Chronic stress is a psychosomatic
process and a crucial risk factor for many diseases such as depression [19], cardiovascular
diseases [20], and cancer [21].

The Chronic Unpredictable Mild Stress (CUMS) model is commonly used to study
depression in rodents, which was first described by Willner et al. [22]. Rodents in this model
are chronically exposed to constant environmentally and psychologically unpredictable
mild stressors, resulting in the initiation of behavioral changes and potentially inducing
depression [23,24]. This model provides a realistic depression model as it mimics daily
stressors in human life and induces anhedonia, which is the core symptom of depressive
disorder as mentioned in the Diagnostic and Statistical Manual of Mental Disorders IV
(DSM-IV) [25,26].

Depression impairs cognitive functions during depressive and even during remission
episodes [27]. Cognitive impairment in the DSM-5 classification is one of the diagnostic
criteria for depression [28]. About 94% of patients expressed cognitive deficits during an
episode of major depressive disorder (MDD), and 45% of them had persisting impairment
during remission [29]. Another study showed impaired neural discharges in working mem-
ory in people at risk of depression even before the occurrence of depressive episodes [30].
Cortical atrophy is suggested to be the cause of cognitive impairment with depression [31],
which deteriorates if not treated [32], and is expressed even in remission periods [33].
Cognitive dysfunctions lead to obvious impaired social interaction and disability. These
effects create poor workplace productivity and high absenteeism and reduce the ability to
achieve daily tasks.

Still, there is no clear underlying mechanism for the relationship between depression
and cognitive impairment [34–37]. This effect of depression on cognitive dysfunction has
a huge negative impact on the quality of life and productivity. However, no previous
studies have compared and evaluated the condition of various memory types (recognition,
short- and long-term spatial memory, and reference memory) with the progression of
CUMS or investigated the brain pathology of responsible areas in the brain (hippocampus
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and prefrontal cortex). Therefore, the aim of this work is to evaluate and compare the
impact of CUMS progression (early and late CUMS) on extensive behavioral analysis and
various memory tasks (short- and long-term spatial, recognition, and reference memory)
and investigate the effect on a structural level by histological assessment of memory-related
brain areas.

2. Materials and Methods
2.1. Animal Model

Twenty male C57BL/J6 mice (6 weeks old, 21.8 ± 2 g) [38] were purchased from King
Fahd Medical Research Center, King Abdulaziz University, Jeddah. The mice were kept
in a temperature-controlled environment on a 12 h light/dark cycle, with free access to
water and food. This work was approved by the Biomedical Ethics Committee of King
Abdulaziz University (Approval No. 03-22) and followed the rules and regulations of the
ACUC (animal care and use committee) in the animal house at the King Fahd Medical
Research Center.

2.2. CUMS Procedures

Ten mice in the CUMS group were subjected to daily psychological and environmental
stressors for 8 weeks as previously discussed with some modifications [39,40]. Two stressors
were applied daily and chosen randomly with no repetition of the same stressor for three
consecutive days to avoid any adaptation. All CUMS mice were subjected to the same type,
onset, and duration of daily stressors. The time of stressor application was different every
day and the time between two stressors was between 3 and 8 h. The stressors used are
shown in Table 1.

Table 1. Stressors used in the Chronic Unpredictable Mild Stress (CUMS) model.

Stressor Duration Description Days of CUMS Experiment

1 Tail clamping 1 min Tail pinch 1 cm from the distal part of the tail 1, 8, 13, 23, 27, 32, 37, 47, 51, 55
2 Restraining 4 h Restrain in an air-permeability tube 2, 7, 18, 21, 25, 33, 40, 38, 44, 49
3 Wet cage 24 h A cage with damp bedding with water 3, 8, 13, 22, 26, 31, 39, 46, 51, 56

4 Food or water
deprivation 24 h No water bottles or food pellets 4, 7, 14, 20, 25, 32, 42, 45, 49, 55

5 Tilted cage (30◦ degree) 24 h Cages are elevated from one side and kept
tilted at 30◦ degree. 1, 10, 16, 19, 28, 35,39, 43, 50, 56

6 Illumination 12 h Overnight illumination (lights on overnight) 2, 9, 18, 24, 27, 34, 38, 48, 52
7 Isolation 24 h Housing in separate cages (1 mouse/cage) 6, 11, 15, 21, 30, 36, 40, 44, 53
8 Cage shaking 10 min Cage shaking (200 rpm) 3, 9, 15, 19, 26, 31, 37, 43, 52
9 Predator sounds 10 min Exposure to loud predator sounds 4, 12, 16, 20, 29, 35, 42, 45, 50
10 An empty cage 24 h Empty cage with no bedding 5, 12, 17, 23, 29, 33, 41, 47, 54

11 Exposure to an empty
water bottle 1 h Water bottle is replaced by an empty one 6, 10, 14, 24, 28, 36, 40, 48, 53

12 Swimming in cold
water (4 °C) 3 min Forced swimming in cold water (4 °C) in

cylinder. 5, 11, 17, 22, 30, 34, 41, 46, 54

2.3. Experimental Design

The mice were kept in the experimental area for 1 week of habituation. The mice were
randomly divided into 2 groups (10 in each): control and CUMS. A series of behavioral
tests were conducted twice in week 5 and repeated in week 7 (Figure 1A). In week 5,
the following tasks were conducted: TST (tail-suspension test), FST (forced swimming
test), EZM (elevated zero maze), EPM (elevated plus maze), OFT (open field test), SPT
(sucrose-preference test), NORT (novel-object-recognition test) and repeated in week 7.
In week 6, the Y-maze and MWM (Morris water maze) were conducted and repeated in
week 8. At the end of week 8, the mice were euthanized and their brains emerged in 10%
formalin for further histological analysis.
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Figure 1. (A) Timeline of the experiment with an overview of behavioral tasks. The same behavioral
tests were repeated in weeks 5–6 (early CUMS) and 7–8 (late CUMS). (B) Schematic representation
of OFT under EthoVision tracking system. (C) SPT protocol. (D) NORT protocol includes 3 stages:
habituation, familiarization, and test stages. (E) MWM protocol. CUMS: chronic unpredictable mild
stress, EPM: elevated plus maze, EZM: elevated zero maze, TST: tail suspension test, FST: forced
swimming test, OFT: open field test, SPT: sucrose-preference test, NORT: novel-object-recognition
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test, MWM: Morris water maze, N: north, E: east, SE: southeast, NW: northwest, SW: southwest,
NE: northeast. Created with BioRender.com (accessed on 1 November 2021).

2.4. Weight

The weight was recorded twice weekly, and the average of each week was calculated.
The percentage of weight gain was calculated as: weight gain (%) = (new weight [W1] −
initial weight [W0]/initial weight [W0]) × 100 [41,42].

2.5. Locomotor Behavioral Tests
OFT

The OFT was conducted to evaluate the locomotor activity (velocity, TDM) and im-
mobility. During the test, a mouse was placed separately in an empty arena (square test
box, 45 × 45 cm) and left to move freely for 3 min. The EthoVision XT8A system (Noldus
Information Technology, Wageningen, the Netherlands) was used to calculate the velocity,
TDM, and immobility.

2.6. Anxiety Behavioral Tests
2.6.1. Central Preference %

An EthoVision system was also used in the OFT to calculate the duration spent in
the central zone (Figure 1B). The percentage of central-zone preference was calculated as
follows: central preference % = (time in central zone/total experiment time) × 100 [41].

2.6.2. EZM

The EZM was used to measure anxiety-like behavior, which is associated with depres-
sion models. The apparatus comprised an elevated circular platform with two opposite,
enclosed quadrants and two open quadrants [43]. The anxiety index was measured by the
following equation: anxiety index = 1 − ([open arm time/5 min] + [open arm entry/total
entry])/2.

2.6.3. EPM

The EPM was used to measure anxiety-like behavior, which is associated with depres-
sion models. The apparatus consisted of 4 elevated arms in plus shape in which 2 of them
were open and the other 2 closed. The mouse was placed in the center and its behavior
recorded for 5 min. The anxiety index was measured by the following equation: anxiety
index = 1 − ([open arm time/5 min] + [open arm entry/total entry])/2 [41].

2.7. Depression Behavioral Tests
2.7.1. TST

The TST was used to evaluate depression-like behaviors in mice. Each mouse was
suspended by it’s tail with adhesive tape, 50 cm above the bench. Mice were suspended
for 6 min, and the immobility time was recorded in the last 4 min of the experiment [44].
Immobility is a depression-like behavior and was considered to be when the mouse was
passively suspended with no movement at all [44].

2.7.2. FST

The FST was used to evaluate depression-like behaviors in the mice. Each mouse was
placed in a separate glass cylinder (20 cm × 40 cm) filled with 30 cm-high warm water
(25 ± 1 °C). The total experiment time was 6 min, and the immobility time was recorded
in the last 4 min [44]. Immobility was considered when the mouse passively floated in an
upright position to keep his nose above the water with no struggling or movement [44].

2.7.3. SPT

The SPT was used to measure anhedonia, which is a characteristic sign of depression.
We calculated the preference for a 1% sucrose solution by using a two-bottle-choice test.
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Mice were kept in cages with two bottles of water for 5 days at the adaptation stage. Then,
during the test phase on day 6, mice were housed individually in cages with two bottles
of 1% sucrose and water for 12 h [44] (Figure 1C). The location of bottles was switched
after 6 h to avoid any side preference. The consumption of sucrose was measured by the
following equation: sucrose preference % = (the milliliters consumed from the sucrose
bottle/the milliliters consumed from the water bottle + the milliliters consumed from the
sucrose bottle) × 100 [41,44].

2.8. Memory Tests
2.8.1. NORT

The NORT is a commonly used test to evaluate recognition memory. It consisted
of 3 stages and was conducted over 2 days. Day 1 was the habituation stage in which
each mouse was placed in an open arena for 15 min. Day 2 was the familiarization
stage in which the mouse was subjected to 2 identical objects (familiar object 1 (F1) and
familiar object 2 (F2)) and left for 3 min to be given the chance to explore these objects [45].
After 10 min, one of the familiar objects was replaced by a novel object the mouse was
allowed to explore for another 3 min (Figure 1D). The EthoVision system calculated the
duration spent in each zone and the frequency of visiting the nose point (sniffing) in each
zone [45]. The discrimination index (DI) was calculated according to the following equation:
DI = (TN − TF)/(TN + TF), in which TN is the time spent on the novel object and TF is the
time spent on the familiar object [42].

2.8.2. Y-Maze

Spontaneous alternation is a common test used to evaluate short-term spatial memory
using a Y-maze. The apparatus consisted of 3 symmetrical 60 cm-long, 10 cm-wide arms
that were each ascribed a letter (A, B, and C). The mouse was placed in one arm and left to
freely move for 5 min. The sequence of arm entries was recorded for the whole experiment.
The spontaneous alternation score was given when there was a sequential entry into the
three different arms (i.e., ABC, CBA, or BAC). The spontaneous alternation percentage
(SA%) was calculated by SA% = number of alternations/(total arm entries − 2) × 100 [41].

2.8.3. MWM

The MWM is a circular open pool filled halfway with water with a featureless interior
surface. The mice were allowed to swim and search for the target (submerged hidden
platform), which was in a fixed position (Figure 1E). Several training trials were performed
to help the mice learn how to escape and locate the site of the platform depending on distal
cues for navigation (see Figure 1E). The platform was camouflaged by adding opacifying
non-toxic dye in the water to reduce any visual clues seen by the animal underwater when
swimming [41]. In each trial, the mice were given the chance to search for an underwater
platform for a maximum of 60 s [46]. The time needed for the mice to reach the platform
was calculated as the escape latency [41]. The probe trial was performed on the sixth day
to assess the reference memory [47]. The exact protocol and training trials are shown in
Figure 1E.

2.9. Tissue Harvesting and Processing

Brains were harvested, mid-sagittally dissected into 2 hemispheres and then fixed
in 10% formalin for 48 h. The tissues were processed overnight by using the Spin Tis-
sue Processor STP120 (Especialidades Médicas Myr, S.L., Tarragona, Spain). The brain
specimens were embedded in paraffin wax, and brain sections were cut (4 µ in thickness)
using a LEICA RM 2255 (Leica Microsystems, Germany) and mounted onto glass slides
for staining. The slides were stained with eosin and hematoxylin to elucidate the patho-
histological changes in CUMS models using Myr AutoStainer (Especialidades Médicas
Myr, S.L., Tarragona, Spain). Histological images were snapped from the frontal cortex
and hippocampus regions by using an Olympus BX53 microscope with an Olympus DP73
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camera at different powers, and images were processed by using Olympus CellSens Entry
software (Olympus Corporation, Tokyo, Japan).

2.10. Statistical Analysis

The data were analyzed using GraphPad Prism 8 (GraphPad Inc., La Jolla, CA, USA).
Data are shown as the mean ± standard error of the mean (mean ± SEM). A two-way
analysis of variance (ANOVA) was conducted to analyze the results. Šídák’s multiple-
comparisons test was used as a post hoc test for significant ANOVA results, to compute
confidence intervals for every comparison. Differences with p < 0.05 were considered to be
statistically significant.

3. Results
3.1. Effect of CUMS on Body Weight

Two-way repeated-measures ANOVA showed a significant effect of weeks × groups
(F(7, 114) = 2.662, p = 0.0137), weeks (F(7, 114) = 17.36, p < 0.0001), and groups (F (1, 17) = 9.895,
p = 0.0059) (Figure 2). Further analysis using Šídák’s multiple-comparisons post hoc test
revealed that CUMS significantly reduced the percentage of weight gain compared with
the control group at week 2 (p = 0.0014), week 5 (p = 0.0108), week 6 (p = 0.0024), and week
8 (p = 0.0411) (Figure 2).
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Figure 2. The effect of CUMS on the weekly percentage of weight change. Data are presented as
mean ± standard error of the mean (SEM). Two-way repeated-measures ANOVA was used, followed
by Šídák’s multiple-comparisons test. (*) indicates a significant difference between the CUMS and
the control group at p > 0.05 and ** p < 0.01.

3.2. Effect of Early and Late CUMS on Locomotor Activity

The effects of CUMS on locomotor activity were measured by the OFT, which cal-
culated the velocity, TDM, and immobility. Two-way ANOVA with Šídák’s post hoc
test revealed that CUMS did not affect the velocity, TDM, or immobility in both early
(p = 0.7489, p = 0.6608, p = 0.9535, respectively) and late (p = 0.2846, p = 0.1623, p = 0.0906)
CUMS compared with the control group (Figure 3A–C).
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3.3. Effect of Early and Late CUMS on Anxiety Behavior

The effects of CUMS on anxiety were measured by the central preference in the OFT
and anxiety index in both EPM and EZM (Figure 4A–C). In the OFT, CUMS significantly
reduced the central preference in late (p = 0.0023) but not early (p = 0.1082) CUMS compared
to the control group (Figure 4A). In EZM, the anxiety index was significantly increased
in the CUMS group compared to the control in late (p = 0.0004) but not early CUMS
(p = 0.9990) (Figure 4B). In the EPZ, CUMS significantly increased the anxiety index in both
early (p <0.0001) and late (<0.0001) CUMS compared to the control (Figure 4C).

3.4. Effect of Early and Late CUMS on Depression Behavior

The effects of CUMS on depression-like behavior were measured by the immobility
time in the TST, FST, and SPT (Figure 5A–C). In the TST, CUMS significantly increased the
immobility time in late (p = 0.0192) but not early (p = 0.1000) CUMS compared with the
control (Figure 5A). In the FST, CUMS significantly increased the immobility time in both
early (p = 0.0310) and late (p = 0.0022) CUMS compared with the control (Figure 5B).

In the SPT, the CUMS group consumed significantly less sucrose than the control
group in late (p = 0.0041) but not early (p = 0.6328) CUMS (Figure 5C).



Behav. Sci. 2022, 12, 166 9 of 21Behav. Sci. 2022, 12, x FOR PEER REVIEW 9 of 21 
 

 
Figure 4. The effect of early and late CUMS on anxiety in (A) central preference percentage, (B) 
EZM, and (C) EPM. Two-way ANOVA was used, followed by Šídák’s multiple-comparisons test. 
(**) indicates a significant difference between the CUMS groups and the control group at p < 0.01, 
*** p < 0.001, and **** p < 0.0001. ns: not significant. 

3.4. Effect of Early and Late CUMS on Depression Behavior 
The effects of CUMS on depression-like behavior were measured by the immobility 

time in the TST,  FST, and SPT (Figure 5A–C). In the TST, CUMS significantly increased 
the immobility time in late (p = 0.0192) but not early (p = 0.1000) CUMS compared with the 
control (Figure 5A). In the FST, CUMS significantly increased the immobility time in both 
early (p = 0.0310) and late (p = 0.0022) CUMS compared with the control (Figure 5B). 

In the SPT, the CUMS group consumed significantly less sucrose than the control 
group in late (p = 0.0041) but not early (p = 0.6328) CUMS (Figure 5C). 

Figure 4. The effect of early and late CUMS on anxiety in (A) central preference percentage,
(B) EZM, and (C) EPM. Two-way ANOVA was used, followed by Šídák’s multiple-comparisons test.
(**) indicates a significant difference between the CUMS groups and the control group at p < 0.01,
*** p < 0.001, and **** p < 0.0001. ns: not significant.

Behav. Sci. 2022, 12, x FOR PEER REVIEW 10 of 21 
 

 
Figure 5. The effect of early and late CUMS on depression tests in the (A) TST, (B) FST, and (C) SPT. 
Two-way ANOVA was used, followed by Šídák’s multiple-comparisons test. (*) indicates a signifi-
cant difference between the CUMS groups and the control group at p > 0.05, ** p < 0.01. ns: not 
significant. 

3.5. Effect of Early and Late CUMS on Memory 
3.5.1. Effect of Early and Late CUMS on Spatial Memory 

The effects of CUMS on spatial memory were evaluated by the Y-maze for short-term 
spatial memory and the MWM for long-term spatial memory. 

In the Y-maze, there was no significant difference between the number of arm entries 
in the CUMS group during early (p = 0.4158) and late (p = 0.0961) CUMS compared with 
the control group (Figure 6A). CUMS significantly reduced the spontaneous alternation 
percentage in late (p = 0.0131) but not early (p = 0.5581) CUMS compared with control 
(Figure 6B). 

 
Figure 6. The effect of early and late CUMS on short-term spatial memory in the Y-maze task: (A) 
number of arm entries and (B) spontaneous alternation. Two-way ANOVA was used, followed by 

Figure 5. The effect of early and late CUMS on depression tests in the (A) TST, (B) FST, and (C) SPT.
Two-way ANOVA was used, followed by Šídák’s multiple-comparisons test. (*) indicates a significant
difference between the CUMS groups and the control group at p > 0.05, ** p < 0.01. ns: not significant.
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3.5. Effect of Early and Late CUMS on Memory
3.5.1. Effect of Early and Late CUMS on Spatial Memory

The effects of CUMS on spatial memory were evaluated by the Y-maze for short-term
spatial memory and the MWM for long-term spatial memory.

In the Y-maze, there was no significant difference between the number of arm entries
in the CUMS group during early (p = 0.4158) and late (p = 0.0961) CUMS compared with
the control group (Figure 6A). CUMS significantly reduced the spontaneous alternation
percentage in late (p = 0.0131) but not early (p = 0.5581) CUMS compared with control
(Figure 6B).
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Figure 6. The effect of early and late CUMS on short-term spatial memory in the Y-maze task:
(A) number of arm entries and (B) spontaneous alternation. Two-way ANOVA was used, followed
by Šídák’s multiple-comparisons test. (*) indicates a significant difference between the treated CUMS
and the control group at p > 0.05. ns: not significant.

In the MWM of early CUMS, two-way repeated-measures ANOVA showed no sig-
nificant effect of days × groups (F (4, 68) = 0.2310, p = 0.9201) or groups (F (1, 17) = 1.083,
p = 0.3126), but a significant effect of days (F (3.219, 54.72) = 14.53, p < 0.0001) (Figure 7A).
Further analysis using Šídák’s multiple-comparisons post hoc test revealed that CUMS did
not affect the latency time throughout the 5 days of the experiment compared to the control
(Figure 7A).

On the other hand, in the MWM of late CUMS, two-way repeated-measures ANOVA
showed no significant effect of days × groups (F (4, 68) = 0.3457, p = 0.8462), but a significant
effect of groups (F (1, 17) = 20.55, p = 0.0003) and days (F (2.185, 37.14) = 6.009, p = 0.0045)
(Figure 7B). Further analysis using Šídák’s multiple-comparisons post hoc test revealed
that CUMS significantly increased the latency time on day 4 (p = 0.0181) and 5 (p = 0.0009)
compared to the control (Figure 7B).

In the probe test, CUMS significantly reduced the duration in the target quadrant in
both early (p = 0.0464) and late (p < 0.0001) CUMS compared to the control (Figure 7C).

3.5.2. Effect of Early and Late CUMS on Recognition Memory

In early CUMS, there was no significant difference in the frequency of sniffing familiar
objects (F1 and F2) during the familiarization phase between the control (p > 0.9999) and
CUMS groups (p = 0.3515) (Figure 8A). Similarly, in late CUMS, there was no significant
difference in the frequency of sniffing familiar objects (F1 and F2) during the familiarization
phase between the control (p = 0.9429) and CUMS groups (p = 0.9848) (Figure 8B).
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Figure 7. The effect of CUMS on long-term spatial memory in the MWM task. The effect of early
(A) and late (B) CUMS on escape latency time and (C) probe test. Two-way ANOVA was used,
followed by Šídák’s multiple-comparisons test. (*) indicates a significant difference between the
CUMS and the control group at p > 0.05, *** p < 0.001, and **** p < 0.0001.

In early CUMS, there was a significant increase in the frequency of sniffing the novel
object (novel) during the test phase in the control (p < 0.0001) and CUMS groups (p = 0.0065)
(Figure 8C). However, in late CUMS, there was a significant increase in the frequency of
sniffing the novel object (novel) during the test phase only in the control (p = 0.9429) and
non-CUMS groups (p = 0.9848) (Figure 8D).

The CUMS group showed significantly less DI than the control group in late (p <0.0001)
but not early (p = 0.3099) CUMS (Figure 8E).

3.6. Effect of CUMS on the Brain Histological Feature

Memory-related areas (hippocampus and frontal cortex) were examined histologically
under a microscope to identify the histopathological changes. In the hippocampus, the
low-power images did not show significant changes in CUMS compared with the controls
(Figure 9). However, a high-power examination obtained neuronal degeneration in both
CA1 and CA3 associated with a loss of extracellular tissues surrounding the degenerated
neurons (Figure 10). In addition, the formation of a dense eosinophilic area in CA3 was
observed. The CUMS group’s dentate gyrus had fewer polymorphic cells in the dentate
gyrus compared with the controls (Figure 10). The six frontal cortex layers—I (molecular),
II (external granular), III (external pyramidal), IV (internal granular), V (internal pyrami-
dal), and VI (multiform)—were easily observed in the low-power images (Figure 11). These
layers were disrupted in the CUMS group by a dense area with dark basophilic cells. Upon
the high-power examination, the area included many neurons with small, dark basophilic
nuclei and unclear chromatin materials, and also degenerated neurons. A dense, irregular,
ill-defined extracellular area was also observed in the abnormal cortical area (Figure 11).
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Figure 8. The effect of CUMS on recognition memory in the NORT task. The frequency of sniffing
familiar objects (F1 and F2) in the familiarization stage in early (A) and late (B) CUMS. The frequency
of sniffing objects (F1 and novel) in the test stage in early (C) and late (D) CUMS. The discrimination
index (DI) is shown in (E). Two-way ANOVA was used, followed by Šídák’s multiple-comparisons
test. (**) indicates a significant difference between the CUMS and the control group at p < 0.01,
*** p < 0.001, and **** p < 0.0001. ns: not significant.
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Figure 9. The hippocampus structure. H&E staining of hippocampus area sagittal section in both
controls (A) and CUMS (B). The hippocampus areas CA1, CA3, and the dentate gyrus (DG) are the
main areas that are involved in memory function. There is no interstitial bleeding or infiltration of
inflammatory cells in CUMS group. Scale bar = 200 µm.
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Figure 10. The effect of CUMS on the hippocampal regions. Representative images of hippocampus
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had normal neurons with vesicular pale nuclei in CA1 (green arrow) (A) while the control CA3
showed normal large basophilic neurons with dark vesicular nuclei and clear axons (green arrow) (C).
However, both CA1 and CA3 in CUMS (B,D, respectively) had degenerated neurons (black arrow)
and loss of tissue surrounding the degenerated neurons (red arrow). A dark eosinophilic plaque
(blue arrow) was observed in CUMS CA3 (D). The dentate gyrus (DG) polymorphic layer (PL) is
thinner in CUMS (E) compared with controls (F). There was no significant change in the DG granular
layer (GL) in both groups. Scale bar = 20 µm.
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Figure 11. The effect of CUMS on the frontal cortex. Representative frontal cortex areas stained
with H&E from controls (A,C) and CUMS (B,D). The control frontal cortex showed the pia matter
(brown arrow) and 6 cortical layers (from I to VI) and part of the corpus callosum (CC) in low-
power images (A). The cortical layers disrupted by abnormal cellular overgrowth area (Ab) in CUMS
frontal cortex (B). The high-power image observed normal neurons with large vesicular nuclei
and clear nucleolus and chromatin materials in the control frontal cortex (green arrow) (C). The
cellular overgrowth area in CUMS cortex contains degenerated neurons (black arrow), eosinophilic
extracellular plaques (blue arrow), and neurons with dark basophilic nuclei without clear nucleolus.
(D). Scale bar A,B = 200 µm, C,D = 20 µm.

4. Discussion

The effect of depression on cognitive dysfunction has a huge negative impact on the
quality of life and productivity with no clear underlying mechanism [34–37]. However, no
previous studies have compared the impact of CUMS on extensive behavioral outcomes and
evaluated the condition of various memory types (recognition, short- and long-term spatial
memory, and reference memory) with the progression of CUMS. Therefore, the aim of this
work is to evaluate and compare the impact of CUMS progression (early and late CUMS)
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on extensive behavioral analysis (locomotor, anxiety, and depression) and various memory
tasks (short- and long-term spatial, recognition, and reference memory) and investigate
the impact on a structural level by histological assessment of memory-related brain areas
(hippocampus and prefrontal cortex).

Our results revealed decreased weight gain in CUMS-exposed mice over weeks of
the experiment when compared with a control group. This result is in agreement with
previous studies performed on animals exposed to chronic stress [48,49]. A reduction in
weight gain in the CUMS group was shown as an indicator of the stress response that led
to the initiation of anhedonia [49–51].

In our study, there was a non-significant change in locomotor behavior (velocity, TDM,
immobility) measured by OFT in either early or late CUMS exposure. This result is contrary
to study results that exhibited psychomotor inhibition, as noted in MDD patients and
experimental CUMS rodents with or without hedonic impairment [52–54]. Nevertheless,
some studies reported similar results to our study, with either a change in the open field
behavior or even an increase in locomotion activity [55] that contradicted the psychomotor
impairment as a characteristic of depression [56]. Different factors can affect locomotion,
such as illumination; a previous study found that 25 Lux can promote hyperlocomotion,
while 5 Lux showed no significant difference in the OFT results of TDM in chronically
stressed mice compared with control [57,58].

Anxiety is considered a comorbid state independent of depression. Many studies
declared high anxiety in chronic unpredictable stress [59,60], which was consistent with
our research. Any abnormality in psychomotor behavior such as hyperlocomotion directly
affects anxiety measures as present in some studies [61,62]. However, in our study, there
was a reduction in central preference and an increase in anxiety index assessed by the EZM
and EPZ with no difference in locomotion.

Moreover, depression was demonstrated by a significant increase in immobilization
in the FST and TST. These results agreed with different studies that showed an increased
immobilization time, which was considered a measure of behavioral despair [63–65].
This prolonged time of immobility in the TST and FST can be reversed using antide-
pressants [66,67]. Importantly, studies declared that anhedonia was linked to an increased
immobility time [68].

In an interesting study, there was a prolonged time of immobility in the FST and TST
in stressed mice following 3 weeks of CUMS exposure. However, these parameters were
decreased after 5 weeks, which indicates the presence of adaptation [48].

Anhedonia is considered the essential sign for depression models, and it is assessed
by a reduction in sucrose preference and consumption [69]. In the current study, we
have used a CUMS mouse model to mimic human daily stressors, which is confirmed by
different behavioral tasks, especially the SPT, which is considered a well-validated test for
mouse models for depression [26]. In our study, there was a significantly lower sucrose
preference in prolonged but not early chronic unpredictable stress exposure. This result is
consistent with other studies that revealed significantly decreased sucrose preference at the
seventh week or even more of CUMS [70,71], while other studies declared lower sucrose
preference earlier at 3 weeks [72–74] and 5 weeks [75,76]. This variability of results depends
on multiple factors such as rodent strain, water, and food deprivation before testing, the
concentration of sucrose solution, and circadian rhythm in applying the test.

There is an association between depression and memory impairment. Our data
showed that the first type of memory that could be affected by CUMS in the early stages of
CUMS is the reference memory, which was tested by the probe test in the MWM. This result
is coincident with previous studies that reported that 4 weeks [39] and 6 weeks [77] of
CUMS significantly reduced the time in the targeted quadrant in the probe test. Moreover,
our data showed that reference memory is affected before the SPT symptoms started, which
is consistent with previous work [77].

In the late stages of CUMS, dramatic changes in all other memory tasks significantly
appeared with the coincidence of a significant change in the SPT. Our data showed that
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short-term spatial memory tested by spontaneous alternation deteriorated in the late stages
of CUMS. However, previous work has reported that 4 weeks of CUMS applied to adult
male Kunming mice were enough to alter the spontaneous alternation percentage [39].
However, they also reported that 4 weeks of CUMS was sufficient to significantly change
the SPT [39]. These changes could be due to mouse species differences.

Our data showed that long-term spatial memory tested by escape latency in the MWM
deteriorated only in the late stages of CUMS with the appearance of the SPT symptoms.
The effect of CUMS on the MWM was variable in previous works, in which some found
that 4 weeks was enough to induce memory impairment in adult male Sprague Dawley
rats [78] and adult male Kunming mice [39], with a significant change in the SPT as well.
Others have found that 5 weeks of CUMS induced MWM task impairment in adult male
Wistar rats with no data regarding the SPT [79]. Moreover, a study found that 6 weeks of
CUMS was essential to cause MWM task impairment in adult male Sprague Dawley rats
with no change in the SPT [77]. These differences could be due to the rodent type, species,
and CUMS protocol difference.

Not enough studies have investigated the effect of CUMS on recognition mem-
ory [80–82]. The NORT is a well-known test that relies on rodents’ natural exploring
novelty and no need for negative or positive reinforcements (e.g., food or electric shocks)
or any long training schedule [83]. This makes the NORT comparable to memory tests
currently used in humans and increases the ecological validity of the test. Moreover, the
NORT does not involve reference memory components (e.g., explicit rule learning); thus,
it can be considered a “pure” recognition memory test and a valid task to assess working
memory. It is considered a suitable behavioral assay for depression models as it has lower
stress compared with other memory tests [40,84–88]. Our data have shown that late stages
of CUMS, but not early, induced recognition memory impairment measured by the DI of
the NORT. The frequency of sniffing was calculated to ensure that all mice had the chance
to explore both objects (F1 and F2) equally in the familiarization stage. Moreover, our data
showed that mice in the CUMS group had a similar sniffing frequency for both objects in
the test phase (F1 and novel objects), which rules out any possibility of novelty-induced
anxiety [89,90]. The DI was significantly different between CUMS and control only in
the late CUMS stage. This is consistent with previous studies that found that 5 weeks of
CUMS significantly decreased the DI in male Wistar rats [79]. Another study has found that
35 days of CUMS significantly changed the DI of the NORT in male Kunming mice [81].
The variation of outcome is wide because of different species, CUMS protocols, and the
validity of depression models. In our study, we rely on the SPT to make sure we have
reached the important hallmark symptom of depression.

Chronic stress creates structural changes in depressed brains such as a decrease in
the hippocampal volume [91], which is associated with CUMS-induced anhedonia [92]. In
addition, exposure to CUMS causes a lowered expression of brain-derived neurotrophic
factor (BDNF) [93] and other neurotrophins [94]. This reduction in trophic action causes the
shrinkage of neuronal dendrites of the hippocampus [95] and the loss of granular cells [96].
Additionally, the hippocampus, unlike most other brain areas, expresses neurogenesis that
is continuous in adult life, and this action is inhibited by prolonged exposure to stressors
including CUMS [97].

5. Conclusions

In conclusion, our data shed light on the serious impact of depression on cognitive
dysfunction, which could mediate the huge negative impact on the quality of life and
productivity. Our data reported that reference memory is the first type of memory to be
affected by CUMS at the early stages (early CUMS). This is followed by impairment of
other types of memory including spatial (short- and long-term) and recognition memory
in the late stages of CUMS. This is associated with brain pathology in which histological
examination demonstrated neuronal degeneration in the hippocampus and disruption in
the prefrontal cortex. In the current study, some tests were significant in early CUMS but
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the majority showed slight changes which did not reach a significant level. The behavioral
results showed some variation, and this is acceptable, especially in behavioral tests known
to have a wide variation. So, we conclude that a longer duration of CUMS can induce
impairment in all tests. These data highlighted the serious complications of CUMS, which
mimics human daily life stressors if no intervention was applied. More studies are needed
to investigate the molecular mechanism underlying neurocognitive impairment in CUMS.
Quantitative histological assessment for neurodegeneration is also required in different
brain regions. We hope to stimulate future studies to suggest and investigate new treatment
avenues or intervention strategies to improve the chronic stress outcomes in daily life
which could improve the quality of life and productivity.
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unpredictable mild stress on the behavioural responses of C57BL/6J mice. Behav. Pharmacol. 2020, 31, 574–582. [CrossRef]

49. Hu, C.; Luo, Y.; Wang, H.; Kuang, S.; Liang, G.; Yang, Y.; Mai, S.; Yang, J. Re-evaluation of the interrelationships among the
behavioral tests in rats exposed to chronic unpredictable mild stress. PLoS ONE 2017, 12, e0185129. [CrossRef]

50. Vitale, G.; Ruggieri, V.; Filaferro, M.; Frigeri, C.; Alboni, S.; Tascedda, F.; Brunello, N.; Guerrini, R.; Cifani, C.; Massi, M. Chronic
treatment with the selective NOP receptor antagonist [Nphe1,Arg14,Lys15]N/OFQ-NH2 (UFP-101) reverses the behavioural and
biochemical effects of unpredictable chronic mild stress in rats. Psychopharmacology 2009, 207, 173–189. [CrossRef]

51. Strekalova, T. Optimization of the chronic stress depression model in C57 BL/6 mice: Evidences for improved validity. In
Behavioral Models in Stress Research; Nova Science Publisher: Hauppauge, NY, USA, 2008.

52. Slattery, D.A.; Cryan, J. The Ups and Downs of Modelling Mood Disorders in Rodents. ILAR J. 2014, 55, 297–309. [CrossRef]
[PubMed]

53. Belovicova, K.; Bogi, E.; Csatlosova, K.; Dubovicky, M. Animal tests for anxiety-like and depression-like behavior in rats.
Interdiscip. Toxicol. 2017, 10, 40–43. [CrossRef] [PubMed]

54. Harro, J. Animal models of depression: Pros and cons. Cell Tissue Res. 2018, 377, 5–20. [CrossRef] [PubMed]
55. Igarashi, E.; Takeshita, S. Effects of illumination and handling upon rat open field activity. Physiol. Behav. 1995, 57, 699–703.

[CrossRef]
56. Ellenbroek, B.; Youn, J. Rodent models in neuroscience research: Is it a rat race? Dis. Models Mech. 2016, 9, 1079–1087. [CrossRef]
57. Strekalova, T.; Steinbusch, H.W. Measuring behavior in mice with chronic stress depression paradigm. Prog. Neuro-

Psychopharmacol. Biol. Psychiatry 2010, 34, 348–361. [CrossRef]
58. Ferreira, J.M.F.; Castanheira, L.; Sebastião, A.M.; Telles-Correia, D. Depression Assessment in Clinical Trials and Pre-clinical Tests:

A Critical Review. Curr. Top. Med. Chem. 2018, 18, 1677–1703. [CrossRef]
59. Maslova, L.; Bulygina, V.; Markel, A. Chronic stress during prepubertal development: Immediate and long-lasting effects on

arterial blood pressure and anxiety-related behavior. Psychoneuroendocrinology 2002, 27, 549–561. [CrossRef]
60. Tannenbaum, B.; Tannenbaum, G.; Sudom, K.; Anisman, H. Neurochemical and behavioral alterations elicited by a chronic

intermittent stressor regimen: Implications for allostatic load. Brain Res. 2002, 953, 82–92. [CrossRef]
61. Willner, P. Chronic Mild Stress (CMS) Revisited: Consistency and Behavioural-Neurobiological Concordance in the Effects of

CMS. Neuropsychobiology 2005, 52, 90–110. [CrossRef]
62. Strekalova, T.; Spanagel, R.; Dolgov, O.; Bartsch, D. Stress-induced hyperlocomotion as a confounding factor in anxiety and

depression models in mice. Behav. Pharmacol. 2005, 16, 171–180. [CrossRef] [PubMed]
63. Cryan, J.F.; Mombereau, C.; Vassout, A. The tail suspension test as a model for assessing antidepressant activity: Review of

pharmacological and genetic studies in mice. Neurosci. Biobehav. Rev. 2005, 29, 571–625. [CrossRef] [PubMed]
64. Moretti, M.; Colla, A.; de Oliveira Balen, G.; dos Santos, D.B.; Budni, J.; de Freitas, A.E.; Farina, M.; Rodrigues, A.L.S. Ascorbic acid

treatment, similarly to fluoxetine, reverses depressive-like behavior and brain oxidative damage induced by chronic unpredictable
stress. J. Psychiatr. Res. 2012, 46, 331–340. [CrossRef] [PubMed]

65. Zhao, J.; Niu, C.; Wang, J.; Yang, H.; Du, Y.; Wei, L.; Li, C. The depressive-like behaviors of chronic unpredictable mild stress-
treated mice ameliorated by Tibetan medicine Zuotai: Involvement in the hypothalamic–pituitary–adrenal (HPA) axis pathway.
Neuropsychiatr. Dis. Treat. 2018, 14, 129–141. [CrossRef]

66. Nollet, M.; Le Guisquet, A.; Belzung, C. Models of Depression: Unpredictable Chronic Mild Stress in Mice. Curr. Protoc. Pharmacol.
2013, 61, 5–65. [CrossRef]

67. Neis, V.B.; Bettio, L.E.; Moretti, M.; Rosa, P.B.; Ribeiro, C.M.; Freitas, A.E.; Gonçalves, F.M.; Leal, R.B.; Rodrigues, A.L.S. Acute
agmatine administration, similar to ketamine, reverses depressive-like behavior induced by chronic unpredictable stress in mice.
Pharmacol. Biochem. Behav. 2016, 150, 108–114. [CrossRef]

http://www.ncbi.nlm.nih.gov/pubmed/32706187
http://doi.org/10.1016/j.pbb.2010.09.013
http://www.ncbi.nlm.nih.gov/pubmed/20869983
http://doi.org/10.1007/s11064-017-2360-3
http://doi.org/10.1016/j.bbr.2020.113100
http://doi.org/10.1155/2021/6673967
http://doi.org/10.1038/nprot.2006.116
http://doi.org/10.1097/FBP.0000000000000564
http://doi.org/10.1371/journal.pone.0185129
http://doi.org/10.1007/s00213-009-1646-9
http://doi.org/10.1093/ilar/ilu026
http://www.ncbi.nlm.nih.gov/pubmed/25225308
http://doi.org/10.1515/intox-2017-0006
http://www.ncbi.nlm.nih.gov/pubmed/30123035
http://doi.org/10.1007/s00441-018-2973-0
http://www.ncbi.nlm.nih.gov/pubmed/30560458
http://doi.org/10.1016/0031-9384(94)00317-3
http://doi.org/10.1242/dmm.026120
http://doi.org/10.1016/j.pnpbp.2009.12.014
http://doi.org/10.2174/1568026618666181115095920
http://doi.org/10.1016/S0306-4530(01)00092-0
http://doi.org/10.1016/S0006-8993(02)03273-0
http://doi.org/10.1159/000087097
http://doi.org/10.1097/00008877-200505000-00006
http://www.ncbi.nlm.nih.gov/pubmed/15864072
http://doi.org/10.1016/j.neubiorev.2005.03.009
http://www.ncbi.nlm.nih.gov/pubmed/15890404
http://doi.org/10.1016/j.jpsychires.2011.11.009
http://www.ncbi.nlm.nih.gov/pubmed/22154133
http://doi.org/10.2147/NDT.S151107
http://doi.org/10.1002/0471141755.ph0565s61
http://doi.org/10.1016/j.pbb.2016.10.004


Behav. Sci. 2022, 12, 166 20 of 21

68. Strekalova, T.; Spanagel, R.; Bartsch, D.; Henn, F.; Gass, P. Stress-Induced Anhedonia in Mice is Associated with Deficits in Forced
Swimming and Exploration. Neuropsychopharmacology 2004, 29, 2007–2017. [CrossRef]

69. Forbes, N.F.; Stewart, C.A.; Matthews, K.; Reid, I.C. Chronic Mild Stress and Sucrose Consumption: Validity as a Model of
Depression. Physiol. Behav. 1996, 60, 1481–1484. [CrossRef]

70. Bekris, S.; Antoniou, K.; Daskas, S.; Papadopoulou-Daifoti, Z. Behavioural and neurochemical effects induced by chronic mild
stress applied to two different rat strains. Behav. Brain Res. 2005, 161, 45–59. [CrossRef]

71. Papp, M.; Gruca, P.; Boyer, P.-A.; Mocaër, E. Effect of Agomelatine in the Chronic Mild Stress Model of Depression in the Rat.
Neuropsychopharmacology 2002, 28, 694–703. [CrossRef]

72. Lu, Y.; Ho, C.S.; McIntyre, R.S.; Wang, W.; Ho, R. Effects of vortioxetine and fluoxetine on the level of Brain Derived Neurotrophic
Factors (BDNF) in the hippocampus of chronic unpredictable mild stress-induced depressive rats. Brain Res. Bull. 2018, 142, 1–7.
[CrossRef] [PubMed]

73. Song, Y.; Sun, R.; Ji, Z.; Li, X.; Fu, Q.; Ma, S. Perilla aldehyde attenuates CUMS-induced depressive-like behaviors via regulating
TXNIP/TRX/NLRP3 pathway in rats. Life Sci. 2018, 206, 117–124. [CrossRef] [PubMed]

74. Zhang, Y.; Yuan, S.; Pu, J.; Yang, L.; Zhou, X.; Liu, L.; Jiang, X.; Zhang, H.; Teng, T.; Tian, L.; et al. Integrated Metabolomics and
Proteomics Analysis of Hippocampus in a Rat Model of Depression. Neuroscience 2018, 371, 207–220. [CrossRef]

75. Fan, C.; Song, Q.; Wang, P.; Li, Y.; Yang, M.; Yu, S.Y. Neuroprotective Effects of Ginsenoside-Rg1 Against Depression-Like
Behaviors via Suppressing Glial Activation, Synaptic Deficits, and Neuronal Apoptosis in Rats. Front. Immunol. 2018, 9, 2889.
[CrossRef]

76. Kreisel, T.; Frank, M.G.; Licht, T.; Reshef, R.; Ben-Menachem-Zidon, O.; Baratta, M.V.; Maier, S.F.; Yirmiya, R. Dynamic microglial
alterations underlie stress-induced depressive-like behavior and suppressed neurogenesis. Mol. Psychiatry 2013, 19, 699–709.
[CrossRef] [PubMed]

77. Xi, G.; Hui, J.; Zhang, Z.; Liu, S.; Zhang, X.; Teng, G.; Chan, K.C.W.; Wu, E.X.; Nie, B.; Shan, B.; et al. Learning and Memory
Alterations Are Associated with Hippocampal N-acetylaspartate in a Rat Model of Depression as Measured by 1H-MRS. PLoS
ONE 2011, 6, e28686. [CrossRef] [PubMed]

78. Chen, Q.; Ren, L.; Min, S.; Hao, X.; Chen, H.; Deng, J. Changes in synaptic plasticity are associated with electroconvulsive
shock-induced learning and memory impairment in rats with depression-like behavior. Neuropsychiatr. Dis. Treat. 2018, 14,
1737–1746. [CrossRef]

79. Liu, D.; Zhang, Q.; Gu, J.; Wang, X.; Xie, K.; Xian, X.; Wang, J.; Jiang, H.; Wang, Z. Resveratrol prevents impaired cognition
induced by chronic unpredictable mild stress in rats. Prog. Neuro-Psychopharmacol. Biol. Psychiatry 2014, 49, 21–29. [CrossRef]

80. Twig, G.; Elorza, A.; Molina, A.J.A.; Mohamed, H.; Wikstrom, J.D.; Walzer, G.; Stiles, L.; Haigh, S.E.; Katz, S.; Las, G.; et al. Fission
and selective fusion govern mitochondrial segregation and elimination by autophagy. EMBO J. 2008, 27, 433–446. [CrossRef]

81. Wu, R.; Shui, L.; Wang, S.; Song, Z.; Tai, F. Bilobalide alleviates depression-like behavior and cognitive deficit induced by chronic
unpredictable mild stress in mice. Behav. Pharmacol. 2016, 27, 596–605. [CrossRef]

82. Femenía, T.; Magara, S.; DuPont, C.M.; Lindskog, M. Hippocampal-Dependent Antidepressant Action of the H3Receptor
Antagonist Clobenpropit in a Rat Model of Depression. Int. J. Neuropsychopharmacol. 2015, 18, pyv032. [CrossRef] [PubMed]

83. Berlyne, D.E. Novelty and Curiosity as Determinants of Exploratory Behaviour1. Br. J. Psychol. Gen. Sect. 1950, 41, 68–80.
[CrossRef]

84. Aguilar-Valles, A.; Sánchez, E.; De Gortari, P.; Balderas, I.; Ramírez-Amaya, V.; Bermudez-Rattoni, F.; Joseph-Bravo, P. Analysis of
the Stress Response in Rats Trained in the Water-Maze: Differential Expression of Corticotropin-Releasing Hormone, CRH-R1,
Glucocorticoid Receptors and Brain-Derived Neurotrophic Factor in Limbic Regions. Neuroendocrinology 2005, 82, 306–319.
[CrossRef]

85. Anisman, H.; Hayley, S.; Kelly, O.; Borowski, T.; Merali, Z. Psychogenic, neurogenic, and systemic stressor effects on plasma
corticosterone and behavior: Mouse strain-dependent outcomes. Behav. Neurosci. 2001, 115, 443–454. [CrossRef] [PubMed]

86. Kim, J.J.; Diamond, D.M. The stressed hippocampus, synaptic plasticity and lost memories. Nat. Rev. Neurosci. 2002, 3, 453–462.
[CrossRef] [PubMed]

87. Leussis, M.; Bolivar, V.J. Habituation in rodents: A review of behavior, neurobiology, and genetics. Neurosci. Biobehav. Rev. 2006,
30, 1045–1064. [CrossRef] [PubMed]

88. Hurst, J.L.; West, R.S. Taming anxiety in laboratory mice. Nat. Methods 2010, 7, 825–826. [CrossRef]
89. Dulawa, S.C.; Hen, R. Recent advances in animal models of chronic antidepressant effects: The novelty-induced hypophagia test.

Neurosci. Biobehav. Rev. 2005, 29, 771–783. [CrossRef]
90. Zhu, S.; Shi, R.; Wang, J.; Wang, J.-F.; Li, X.-M. Unpredictable chronic mild stress not chronic restraint stress induces depressive

behaviours in mice. NeuroReport 2014, 25, 1151–1155. [CrossRef]
91. Videbech, P.; Ravnkilde, B. Hippocampal volume and depression: A meta-analysis of MRI studies. Am. J. Psychiatry 2004, 161,

1957–1966. [CrossRef]
92. Luo, Y.; Cao, Z.; Wang, D.; Wu, L.; Li, Y.; Sun, W.; Zhu, Y. Dynamic study of the hippocampal volume by structural MRI in a rat

model of depression. Neurol. Sci. 2014, 35, 1777–1783. [CrossRef] [PubMed]
93. Grønli, J.; Bramham, C.; Murison, R.; Kanhema, T.; Fiske, E.; Bjorvatn, B.; Ursin, R.; Portas, C.M. Chronic mild stress inhibits

BDNF protein expression and CREB activation in the dentate gyrus but not in the hippocampus proper. Pharmacol. Biochem.
Behav. 2006, 85, 842–849. [CrossRef] [PubMed]

http://doi.org/10.1038/sj.npp.1300532
http://doi.org/10.1016/S0031-9384(96)00305-8
http://doi.org/10.1016/j.bbr.2005.01.005
http://doi.org/10.1038/sj.npp.1300091
http://doi.org/10.1016/j.brainresbull.2018.06.007
http://www.ncbi.nlm.nih.gov/pubmed/29933036
http://doi.org/10.1016/j.lfs.2018.05.038
http://www.ncbi.nlm.nih.gov/pubmed/29800538
http://doi.org/10.1016/j.neuroscience.2017.12.001
http://doi.org/10.3389/fimmu.2018.02889
http://doi.org/10.1038/mp.2013.155
http://www.ncbi.nlm.nih.gov/pubmed/24342992
http://doi.org/10.1371/journal.pone.0028686
http://www.ncbi.nlm.nih.gov/pubmed/22194886
http://doi.org/10.2147/NDT.S163756
http://doi.org/10.1016/j.pnpbp.2013.10.017
http://doi.org/10.1038/sj.emboj.7601963
http://doi.org/10.1097/FBP.0000000000000252
http://doi.org/10.1093/ijnp/pyv032
http://www.ncbi.nlm.nih.gov/pubmed/25762718
http://doi.org/10.1111/j.2044-8295.1950.tb00262.x
http://doi.org/10.1159/000093129
http://doi.org/10.1037/0735-7044.115.2.443
http://www.ncbi.nlm.nih.gov/pubmed/11345969
http://doi.org/10.1038/nrn849
http://www.ncbi.nlm.nih.gov/pubmed/12042880
http://doi.org/10.1016/j.neubiorev.2006.03.006
http://www.ncbi.nlm.nih.gov/pubmed/16774787
http://doi.org/10.1038/nmeth.1500
http://doi.org/10.1016/j.neubiorev.2005.03.017
http://doi.org/10.1097/WNR.0000000000000243
http://doi.org/10.1176/appi.ajp.161.11.1957
http://doi.org/10.1007/s10072-014-1837-y
http://www.ncbi.nlm.nih.gov/pubmed/24929958
http://doi.org/10.1016/j.pbb.2006.11.021
http://www.ncbi.nlm.nih.gov/pubmed/17204313


Behav. Sci. 2022, 12, 166 21 of 21

94. Elsayed, M.; Banasr, M.; Duric, V.; Fournier, N.M.; Licznerski, P.; Duman, R.S. Antidepressant Effects of Fibroblast Growth
Factor-2 in Behavioral and Cellular Models of Depression. Biol. Psychiatry 2012, 72, 258–265. [CrossRef]

95. Bessa, J.; Ferreira, D.; Melo, I.; Marques, F.; Cerqueira, J.; Palha, J.; Almeida, O.F.; Sousa, N. The mood-improving actions of
antidepressants do not depend on neurogenesis but are associated with neuronal remodeling. Mol. Psychiatry 2008, 14, 764–773.
[CrossRef]

96. Jayatissa, M.N.; Henningsen, K.; Nikolajsen, G.; West, M.J.; Wiborg, O. A reduced number of hippocampal granule cells does not
associate with an anhedonia-like phenotype in a rat chronic mild stress model of depression. Stress 2009, 13, 95–105. [CrossRef]
[PubMed]

97. Mineur, Y.; Belzung, C.; Crusio, W. Functional implications of decreases in neurogenesis following chronic mild stress in mice.
Neuroscience 2007, 150, 251–259. [CrossRef] [PubMed]

http://doi.org/10.1016/j.biopsych.2012.03.003
http://doi.org/10.1038/mp.2008.119
http://doi.org/10.3109/10253890902951786
http://www.ncbi.nlm.nih.gov/pubmed/19929309
http://doi.org/10.1016/j.neuroscience.2007.09.045
http://www.ncbi.nlm.nih.gov/pubmed/17981399

	Introduction 
	Materials and Methods 
	Animal Model 
	CUMS Procedures 
	Experimental Design 
	Weight 
	Locomotor Behavioral Tests 
	Anxiety Behavioral Tests 
	Central Preference % 
	EZM 
	EPM 

	Depression Behavioral Tests 
	TST 
	FST 
	SPT 

	Memory Tests 
	NORT 
	Y-Maze 
	MWM 

	Tissue Harvesting and Processing 
	Statistical Analysis 

	Results 
	Effect of CUMS on Body Weight 
	Effect of Early and Late CUMS on Locomotor Activity 
	Effect of Early and Late CUMS on Anxiety Behavior 
	Effect of Early and Late CUMS on Depression Behavior 
	Effect of Early and Late CUMS on Memory 
	Effect of Early and Late CUMS on Spatial Memory 
	Effect of Early and Late CUMS on Recognition Memory 

	Effect of CUMS on the Brain Histological Feature 

	Discussion 
	Conclusions 
	References

