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Abstract
Introduction: Depressive disorders are the 4th leading 
cause of health problems and the 2nd leading cause of bur-
den among all diseases. Almost all depressive disorder pa-
tients have cognitive impairments to a certain extend. Stud-
ies about cognitive impairments in depression had been 
conducted, but whether cognitive dysfunctions are the 
cause or the effect is still not clear. Objectives: To analyze 
the process of working memory and cognitive flexibility im-
pairments in a rat model of depression. Methods: In this ex-
perimental study, chronic unpredictable mild stress (CUMS) 
was used as a model of depression in 30 rats (Rattus nover-
gicus). Cognitive function was assessed with the Morris wa-
ter maze and attentional set shifting test. Results: This study 
found a significant difference on day 21 in working memory 
(p = 0.002) and cognitive flexibility (p = 0.036), which con-
tinued to day 41 in working memory (p = 0.001) and cogni-
tive flexibility (p = 0.020). In the CUMS model of depression, 
parameters peak on day 41 and reveal parameter changes 
in weight gain (p = 0.018), food intake (p < 0.001), changes 
in food intake (p = 0.001), and the sucrose preference (p = 

0.005), elevated plus maze (p = 0.001), and light dark box 
tests (p = 0.020). Conclusion: In a rat model of depression, 
cognitive impairment preceded depression, but it might be 
caused by anxiety-like behavior that occurred in early stim-
ulation of chronic unpredictable mild stress.

© 2020 The Author(s)
Published by S. Karger AG, Basel

Introduction

Depressive disorder, which affects 151.2 million of the 
world population, is the 4th leading disease that causes 
health problems [1] and the 2nd leading cause of overall 
disease burden calculated for all ages [2], i.e., 4.3% of 
years lost to disability (disability-adjusted life years) [1]. 
The lifetime prevalence of depression in the adult popula-
tion is between 15 and 25%, while the point prevalence in 
a community varies between 5 and 9% for women and 
2and 3% for men [3–5]. Cognitive problems affected by 
major depressive disorder are as high as 85–94% of the 
time during depressive episodes and 39–44% of the time 
during remissions [6, 7].

Cognitive function is the main depiction of major de-
pression [8] with symptoms encompassing affective, cog-
nitive, and somatic functions, anxiety, and psychomotor 
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functions [9]. In depressive disorder, cognitive impair-
ment is found in children, adolescents, adults, as well as 
the elderly [10]. The prevalence of severe cognitive distor-
tion in depressed adolescents is 47.4%, while the rest are 
less severe [11]. Cognitive impairment in depression was 
due to cortical atrophy that implicates cognitive function 
[12], which worsens if not treated [13], stays even after 
the depression is in remission or recovery and medication 
is stopped [14–16], and worsens after recurring episodes 
of depression [8]. Cognitive impairment may disable an 
individual from having a positive social interaction and 
may cause various conflicts and self-withdrawal that can 
be very damaging for the patient’s future [10, 17]. Almost 
all research on depression focuses on cognitive impair-
ment in depressed individuals, but some questions still 
remain: Does cognitive impairment occur before depres-
sion or as a consequence of being depressed? Does the 
cortical atrophy that was responsible for cognitive im-
pairment occur before or after depression onset or both? 
In other words, was it due to cognitive impairment that 
patients cannot think strategically and flexibly, thus 
struggle to cope with the problems in their life, and fi-
nally suffer from depression, or vice versa?

Cognitive function is very important in processing 
perception/information from outside and inside oneself, 
in order that the individual is capable of facing life events 
and becoming resilient. It is needed to handle depressive 
feelings and process information, as well as to prevent the 
risk of depression recurrence [18]. Cognitive functions 
that are important to humans are working memory and 
cognitive flexibility. These 2 aspects of cognitive function 
are essential skills for humans. As a basic and fundamen-
tal cognitive process, working memory is the brain system 
that processes the storage of stimulant and temporary in-
formation that needs to be processed and manipulated 
[19, 20]. Cognitive flexibility is the ability to adopt or pro-
cess changes in the cognitive strategy (or behavior) to face 
new and unexpected conditions from the environment. It 
is characterized by a learning process, memory and set 
shifting, an adaptation process, or rearranging of cogni-
tive strategies in response to changes in the environment 
[21, 22].

Cognitive impairment in depression may come in the 
form of cognitive dysfunction, i.e., cognitive deficits and 
cognitive bias or distortion [18, 23–25] along with cogni-
tive inflexibility in cognitive function [26]. In terms of 
more general cognitive aspects, impairments that occur 
are decreased processing capacity, interpretation, and 
storage of necessary information [27], and the inability to 
process information as “neutral” or restrain and delete ir-

relevant information which could underlie slowness and 
attention deficits [28]. In general neurocognitive tests 
found impairments in various cognitive function do-
mains [29]. The impaired domains include attention, 
memory, executive function, psychomotor [30], and in-
formation processing speed [31], inability to select infor-
mation, and inability to restrain and delete irrelevant in-
formation [28]. Cognitive distortion causes despair and 
brings up more suicidal thoughts [32], delays recovery, 
makes the disease chronic, and makes it easier to have 
depression relapse [15] and maintain depression.

The relationship between cognitive impairment and 
depression is unclear. Cognitive impairment may cause 
depression, or, the opposite, depressive disorder may 
cause cognitive impairment. Therefore, this research 
aimed to analyze the processes changing in cognition, i.e., 
working memory and cognitive flexibility, in a rat model 
of depression received chronic unpredictable mild stress 
(CUMS). In this model, daily mild stressors, which re-
semble the stress factors of daily life, are applied. CUMS 
was the first systematically investigated animal model of 
depression fulfilling construct validity beside predictive 
validity (performance in the test predicts performance in 
the condition being modeled), face validity (phenomeno-
logical similarities between the 2), construct validity (has 
a sound theoretical rationale), and translational potential 
[33–36]. Although the model was often criticized for a 
perceived lack of reliability due to the unreliability of the 
procedure, fact is that this model has been successfully 
used by hundreds of laboratories worldwide [37, 38].

Methods

Design
Experimental laboratory research was performed using a com-

pletely randomized design. Experimental animals used were out-
bred stock white rats (Rattus norvegicus) meeting the following 
inclusion criteria: male, 4 months old, weight 175–275 g, healthy 
condition: marked by shiny and clean fur, shiny eyes, agile move-
ments, and calm demeanor. Exclusion criteria were physical ill-
ness, physical disability or wounds on the body, or secretions 
around the anal canal. 

Replication
The number of animals calculated based on the Federer for-

mula (1955) was 30 rats, which were randomly allocated to one of 
5 experimental groups with complete randomization method: 3 
treatment groups for observations on the 21st day (P1), 31st day 
(P2), and 41st day (P3), respectively, and 2 control groups for ob-
servations on the 21st day (K1) and 41st day (K2). The control 
groups (no CUMS intervention) are placed in a quiet room with 
the same lighting, temperature, and humidity conditions. 
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Depression Model
For the animal model of depression, CUMS was applied to 

white rats, which causes depression that resembles the depression 
in humans. CUMS involves the administration of various unex-
pected treatments that were given daily and randomly as follows: 
the animal’s tail was tied using a string for 1 h; 30 min of continu-
ous low-speed treadmill; 10 min of electrical shock for 0.2 s with 
2-mA current at 470 V every 2 s; 5 min of swimming; 60 min of the 
animal’s tail being pierced for 2.5 cm; 4 h of exposure to a cat pred-
ator accompanied by angry cat sound; 4 h of isolation in a narrow 
and dark space; and 4 h of exposure to an older intruder mouse. 
These treatments were given to all rat subjects as an animal model 
of depression [39, 40]. White rat subjects were given CUMS treat-
ment for 21, 31, and 41 days. Conditions indicating depression 
used were changes in the following parameters versus baseline pa-
rameters of the control groups [41]:

 − Increase or decrease in body weight of the treatment group rel-
ative to the baseline of the control group (K1 + K2 combined): 
body weight is the weight of the rat body that was measured 
weekly using the same scale [42].

 − Food intake of the treated group, which may increase or de-
crease: therefore, it was compared with the control group. Food 
intake was measured by the number of pellets consumed daily. 
It was assessed by weighing the pellets that were given daily, 
which amount to 10% of animal body weight, subtracted by the 
leftovers measured at the same time daily. The average food 
intake was measured daily for the period before treatment (day 
0) up to treatment P1 (days 1–21), treatment P2 (days 22–31), 
and treatment P3 (days 32–41) [42].

 − Sucrose preference test (SPT): SPT of the treatment group was 
compared to the control group. Drink intake was the amount 
of 1.5% diluted sucrose in water (1–2%) plus normal water that 
was consumed daily. It was measured by SPT, which is the av-
erage amount of sucrose water consumed divided by the total 
amount of sucrose water and normal water consumed daily. 
Sucrose water and normal water were given daily (250 mL). The 
leftovers were measured daily at the same time, which give the 
expected direction of change for treated animals [42].

 − Elevated plus maze (EPM) test: the amount of time a rat spends 
in the open space, measured for 15 min (900 s), which was ex-
pected to decrease in the treated group compared to controls 
[43, 44].

 − Light dark box (LDB) or white dark box test: the length of time 
a rat spends in open space during a 15-min period, which was 
expected to decrease in the treatment group compared to the 
control group [41].

Cognitive Test
Cognitive impairment is an abnormal condition of the cogni-

tive function which can be reversible or irreversible, which may be 
caused by abnormality in function and/or structure. This condi-
tion does not indicate a diagnostic entity. For measuring cognitive 
function (in our case working memory and cognitive flexibility), 
the learning intelligence cognition hierarchy (LICH) was used: 
LICH level 4 (chaining: learning sequences of stimulus-response 
learning) in the form of Morris water maze (MWM) and LICH 
level 5 (multiple discrimination learning: concurrent discrimina-
tion learning or learning set formation) in the form of set shifting 
[45–47]. Working memory, a process of simultaneous and tempo-
rary information storage, is needed for processing and manipula-

tion [19, 20]. This research examined spatial working memory that 
was measured using MWM that assessed the length of time a rat 
was able to be in the pool quadrant with an elevated platform in 
120 s [46]. Cognitive flexibility, the ability to adapt or the process 
to change a cognitive strategy (or behavior) to deal with a new and 
unexpected condition from the environment [21, 22], was mea-
sured by the attentional set shifting test/task (AST), which was the 
number of times the test animal was able to locate food that was 
associated with smell or other media, and the animal needed to 
achieve the correct response criteria for 6 consecutive times at each 
stage known as trial to criterion [47].

The MWM is a gold standard test used to study spatial memo-
ry and learning, developed by Richard G. Morris (1984). Rats are 
placed in a pool of water that is colored opaque with powdered 
nonfat milk or nontoxic paint, where they must swim to a hidden 
escape platform. The rats cannot see the platform and cannot rely 
on scent to find the escape route. Instead, they must rely on exter-
nal/extra maze cues. The longer the time the rats took to reach the 
elevated platform quadrant, the poorer the spatial memory and 
learning [46, 48].

Attentional Set Shifting Test/Task
Rats are initially allowed to dig in sawdust-filled bowls contain-

ing a food reward. Once the rats are reliably finding the rewards, 
the rats learn simple discriminations where the bowls differ in only 
one aspect or perceptual dimension (e.g., by digging medium: 
shredded paper compared to polystyrene pieces). Rats are deemed 
to have learned a discrimination when they reach a criterion per-
formance of 6 consecutively correct trials. The following day, rats 
undertake a series of seven 2-choice discriminations designed to 
measure acquisition, reversal learning, and the cost of shifting set 
– each with a learning criterion of 6 consecutive correct choices. 
The task starts with a simple discrimination between either 2 odors 
in sawdust or 2 digging media with no added odor. Then the com-
plementary, but task-irrelevant, stimulus dimension is added to 
form the compound discrimination (CD). In the first reversal 
(REV1), the outcome contingencies of the CD are swapped such 
that the correct response for the CD is now incorrect, and vice 
versa. Then new compound stimuli, differing again according to 
odor and digging medium, are introduced for the intradimension-
al shift acquisition. The relevant (that is, reward-predicting) di-
mension remains congruent with prior stages. After that follows a 
second reversal stage (REV2). In the extradimensional shift stage, 
the exemplars are changed again, but now the relevant dimension 
is incongruent with the prior stages: stimuli in a previously irrel-
evant dimension predict reward for the first time. This series of 
discriminations – which is almost always conducted in a single ses-
sion on 1 day – ends with a final reversal (REV3) [49, 50].

Results

Depression Model
CUMS treatment effects were evaluated by univariate 

analyses of variance (ANOVA) comparing the 5 groups 
with respect to depression-associated variables before 
treatment at t0; t tests were computed for comparisons 
between each treatment and the respective control group. 
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No difference was observed between the control and 
treatment group on day 0 in body weight (F = 0.277;  
df 1 = 4; df 2 = 22; p = 0.890); food intake (F = 1.266;  
df 1 = 4; df 2 = 22; p = 0.313); SPT (F = 0.474; df 1 = 4; df 
2 = 22; p = 0.755), EPM (F = 2.746; df 1 = 4; df 2 = 8.89;  
p = 0.097), and LDB (F = 1.054; df 1 = 4; df 2 = 12.3; p = 
0.420) and on day 21 between each treatment and control 
group for P1-K1 and P3-K2, respectively, on change in 
body weight (t = 1.715; df = 9; p = 0.121; and t = 2.373;  
df = 9; p = 0.042), food intake (t = 1.562; df = 9; p = 0.153; 
and t = 3.682; df = 9; p = 0.008), decrease in the change in 
food intake (t = 1.425; df = 9; p = 0.188; and t = 1.666;  
df = 9; p = 0.130), increase in SPT (t = –0.608; df = 9; p = 
0.558; and t = –0.334; df = 9; p = 0.746), EPM (t = 1.795; 
df = 9; p = 0.106; and t = 1.635; df = 9; p = 0.136), and LDB 
(t = 0.226; df = 9; p = 0.826; and t = 1.341; df = 9; p = 0.213). 
From CUMS treatment, significant differences in all mea-
sured depression model parameters were observed on day 
41 of treatment between the control and treatment group 
regarding change in body weight (t = 2.895; df = 9; p = 
0.018), decrease in food intake (t = 6.124; df = 9; p < 
0.001), change in food intake (t = 4.632; df = 9; p = 0.001), 
increase in SPT (t = –3.741; df = 9; p = 0.005), EPM (t = 

4.169; df = 4.16; p = 0.013), and LDB (t = 3.682; df = 4.09; 
p = 0.020). This means that complete depression symp-
toms occurred on day 41 (Table 1).

Cognitive Functions
The same procedures as described above were applied 

to all variables associated with cognitive impairment (day 
21: P1 versus K1; day 41: P3 versus K2, no comparisons 
for P2). The following results were obtained:

 − Means and standard error of the means (SEM) for each 
group were: 73.00 (2.46) at P1, 78.80 (7.55) at P2, 78.33 
(13.70) at P3, 78.40 (6.97) at K1, and 88.00 (12) at K2. 
No difference in MWM (F = 0.326; df 1 = 4; df 2 = 
14.039; p = 0.856) and AST (F = 3.445; df 1 = 4; df 2 = 
6.953; p = 0.074) results were found at baseline/t0 (day 
0) measurements among groups (Fig. 1). Means and 
SEM for each group were 79.40 (0.24) at K1, 86.67 
(3.48) at P1, 79.20 (0.58) at P2, 80.60 (0.93) at K2, and 
79.67 (1.09) at P3. No difference in AST (F = 3.445; df 
1 = 4; df 2 = 6.953; p = 0.074) results was found at base-
line/t0 (day 0) measurements among groups (Fig. 2).

 − Means and SEM were 31.67 (6.23) at P1, 74.80 (7.14) 
at K1, 46 (4.16) at P3 and 100 (4.47) at K2. A significant 

K1 74.80 (7.14)

K2 88.0 (12)
P2 78.80 (7.55)
K1 78.40 (6.97)
P3 78.33 (13.70)
P1 73.00 (2.46)

P1 31.67 (6.23) P2 43.60 (2.48) P3 46.00 (4.16)

p = 0.856
p = 0.002**

p = 0.001**

K2 100.00 (4.47)
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Fig. 1. MWM test results at baseline and on days 21, 31, and 41. Means and SEM; significance refers to F value of 
analysis of variance at t0 (F = 0.326; df 1 = 4; df 2 = 14.039; p = 0.856) and to t tests between treated and control 
groups at the respective time points, i.e., day 21: P1 vs. K1 (t = 4.57; df = 9; = 0.002) and day 41: P3 vs. K2 (t = 
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decrease was observed comparing the treatment 
groups with the control groups on day 21 (P1 vs. K1:  
t = 4.57; df = 9; p = 0.002) and day 41 (P3 vs. K2: t = 
8.82; df = 9; p = 0.001). A decrease in MWM test results 
suggests a decrease in memory function in the treat-
ment group compared with the control group since 
day 21 and continued up to day 41 (Fig. 1).

 − Means and SEM were 113.83 (12.98) at P1, 78.40 
(0.40) at K1 on day 21, and on day 4191.83 (3.66) at 
P3, and 79.60 (0.75) at K2. A significant increase was 
observed in the treatment group in comparison to the 
control group on day 21 (P1 vs. K1: t = –2.47; df = 9; 
p = 0.036) and day 41 (P3 vs. K2: t = –3.27; df = 5.41; 
p = 0.020). The increase in AST test results indicated 
that in order to find the reward in the form of food 
that was associated with a certain smell and media, the 
rat made more mistakes, so that it needed to be re-
peated several times. This results suggest that there 
was a decrease in cognitive flexibility in the treatment 

group compared to the control group since day 21 that 
continued up to day 41 (Fig. 2). 

Discussion

Increases in food intake, body weight, and drink intake 
occurred in the early stages up to day 31, after which a 
decline occurred in the CUMS-treated group versus the 
control group that continued to experience increases in 
food intake and body weight up to day 41, when food in-
take and body weight stabilized. The presence of a stimu-
lation that continuously increases body response, which 
occurs continuously, will at some point cause a decline as 
stated in a theory by Selye [51, 52]. To deal with an exter-
nal stimulus, humans require energy that needs to be 
achieved by the body by food and drink intake to be able 
to balance or adapt to the stressors. Since the stressors or 
stimuli that were given daily were of a mild degree, this 

P1 86.67 (3.48)

P1 113.83 (12.98) P2 117.80 (7.05)

P3 91.83 (3.66)

K2 79.60 (0.75)
K2 80.60 (0.93)
P3 79.67 (1.09)
K1 79.40 (0.24)
P2 79.20 (0.58)

p = 0.074

K1 78.40 (0.40)
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Fig. 2. AST results at baseline and on days 21, 31, and 41. Means and SEM; significance refers to F value of anal-
ysis of variance at t0 (F = 3.445; df 1 = 4; df 2 = 6.953; p = 0.074) and to t tests between treated and control groups 
at the respective time points, i.e., day 21: P1 vs. K1 (t = –2.47; df = 9; p = 0.036) and day 41: P3 vs. K2 (t = –3.27; 
df = 5.41; p = 0.020), no comparisons for P2.
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would lead to an increase in body weight. If the stimulus 
was continued, the metabolic system that was continu-
ously stimulated will become fatigued and will decrease 
its response activity. The food intake that experienced an 
increase in the beginning will decline along with body 
weight. Despite that, several controversial reports found 
an immediate decline in body weight and sucrose water 
intake after experiencing various stressors. For example, 
a decline in SPT under depressed condition [42] or an in-
crease in SPT compared to control [53, 54]. These condi-
tions differ individually, and in rats they may be caused 
by different rat strains and different exposure times. Ap-
plication of daily mild stressors do not cause shock and 
appear to inhibit shock response during the alarm reac-
tion phase according to the Selye theory [52, 55]. Mild 
stressors do not suppress response as shown in the table 
and figures, therefore, no acute decline in the body reac-
tion occurred.

To fulfill depression syndrome model parameters, 31–
41 days were requested, and in this research, compared to 
control, significant changes in all depression model pa-
rameters occurred on day 41, marked by changes in body 
weight, amount of food and drink intake, EPM, and LDB. 
The 5 parameters in the rat model of depression did not 
show significant changes relative to control simultane-
ously. This indicated that each biological process that un-
derlies behavior in individuals has a different rate of 
change that is seen as different irritation or distress, which 
in humans would manifest as different complaints that do 
not occur simultaneously. The body has various systems 
that work according to natural processes. A stimulation 
or stressor that affects several systems may cause imbal-
ance. Each system may reciprocally affect each other, 
which causes changes in the form of deceleration or ac-
celeration of subsequent cascades [56, 57]. With symp-
toms that greatly vary individually, some symptoms may 
be noticed earlier before the others, which may cause in-
dividuals to not consider them as an urgent matter that 
needs resolving. Only when symptoms have progressed 
in severity and multiply does the individual seek help.

The 2 cognitive tests showed that CUMS as depression 
model did provide depressive effects for all parameters on 
day 41: a decreasing effect in spatial working memory and 
cognitive flexibility since day 21. Other research, where 
CUMS stressor treatment was given for 10 days, also had 
the same findings, and a decrease in the platform finding 
strategy in the MWM test was observed with an increase 
in the length of the route traveled to reach the platform 
due to a decrease in memory [58]. Working memory ca-
pability and cognitive flexibility decreased, and thus the 

capacities to process information and think to acquire al-
ternatives became limited. Cognitive function that is im-
paired in depressive disorder is very harmful since cogni-
tive functions are required to handle everyday life. If an 
impairment occurs, mistakes in decision making may 
happen, which give rise to suicidal thoughts [32], result 
in the failure to recognize the individual’s state that is in 
need of help [59], prolong recovery, proceed into a chron-
ic condition, enable a depression relapse to occur [15, 18], 
and eventually lead to low quality of life even if the de-
pression is in remission [60]. This suggests that cognitive 
function impairment, in this case working memory func-
tion and cognitive flexibility, occurred before depressive 
disorder parameters presented completely. 

Continuous stimulation may surpass the limits of cog-
nitive ability that cause stress and eventually depression. 
Here, the proposed mechanism of depression was a stress 
condition with continuous stimuli, which led to initial 
anxiety-like behavior and impairment in cognitive func-
tion and, as the stressors continuously presented, finally 
caused depression and continuously impaired cognitive 
function. Indeed, most cognitive theories propose vul-
nerability-stress hypotheses that posit that the onset of 
this disorder is due to the interaction of a psychological 
vulnerability (e.g., certain cognitions or particular ways 
of processing information) and a precipitating stressor 
(e.g., a negative life event or some other environmental 
factor) [18]. 

Analyzed further, cognitive impairment occurred on 
day 21, while depression symptoms from CUMS treat-
ment were only completely displayed on day 41. Despite 
that, some distressed behavior symptoms were already 
observed on day 21 compared with day 0 in the form of 
confused behavior, instability, and behaviors such as cir-
cling, being afraid, not concentrating, shaking, and easily 
getting startled, sensitivity to noise, odors, and move-
ments, and aggressive behavior. On day 41, the distressed 
behavior was even more apparent as rats are moving 
more slowly and took a long time to complete the tests, 
made more mistakes, were stopping and had to be pushed, 
and were even staying still. These behaviors resemble an-
hedonia symptoms in humans. This cognitive impair-
ment condition was also found in patients with depres-
sive disorder that experienced psychic and cognitive 
symptoms but were ignoring them. Only after the symp-
toms worsened and the patient was unable to function 
daily do they seek help. For that, early detection of im-
pairments in cognitive function and depressive disorder 
is necessary as a preventative measure [33, 35, 36]. In an-
other study, behaviors resembling anxiety and cognitive 
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deficits were observed in rats given CUMS treatment for 
14 days [61]. Thus, the observed cognitive impairment 
that occurred on day 21 might either be caused by stress-
ors or by anxiety-like behavior effects; although that this 
was not universally observed, the anxiogenic effects fre-
quently occur in the CUMS model [38]. These findings 
also raise the question of whether depression should be 
termed as a mood or cognitive disorder. It seems that cog-
nitive disorders are a core pathological symptom of de-
pression and should not be considered merely secondary 
to it, although most of the current treatments focus on 
mood dysregulation. Cognitive symptoms should, there-
fore, be regarded as a partially independent dimension of 
the major depressive disorder and an important target of 
any treatment that is initiated [62, 63]. Cognitive deficits 
predicting a major depressive disorder likely represent 
deleterious effects of subclinical depression symptoms on 
performance rather than premorbid risk factors for the 
disorder [64].

Even though the result is like above, they may turn out 
different, if determination of stress parameters would be 
different. To elucidate further details on the process and 
correlation between cognitive function and depression, 
further study is required with prolonged follow-ups fo-
cusing on cognitive function after CUMS stressor was 
stopped. This study concludes that cognitive impairment 

occurred before depression in a rat model of depression; 
however, it might be caused by anxiety-like behavior that 
occurred in early stimulation of chronic unpredictable 
mild stress.
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