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Abstract

Background: Chronic restraint stress (CRS) is widely used to recapitulate depression pheno-

types in rodents but is frequently criticized for a perceived lack of efficacy. The aim of this study

was to evaluate anhedonic-like behavior in the CRS model in rodents by performing a meta-

analysis of studies that included sucrose preference tests.

Methods: This meta-analysis was conducted following the Preferred Reporting Items for

Systematic Reviews and Meta-Analyses (PRISMA) recommendations. We comprehensively

searched for eligible studies published before June 2021 in the PubMed, Embase, Medline, and

Web of Science databases. We chose sucrose preference ratio as the indicative measure of

anhedonia because it is a core symptom of depression in humans.

Results: Our pooled analysis included 34 articles with 57 studies and seven rodent species/

strains and demonstrated decreased sucrose preference in the stress group compared with

controls. The duration of CRS differentially affected the validity of anhedonic-like behavior in

the models. Rats exhibited greater susceptibility to restraint stress than mice, demonstrating

inter-species variability.

Conclusions: Our meta-analysis of studies that used the CRS paradigm to evaluate anhedonic-

like behavior in rodents was focused on a core symptom of depression (anhedonia) as the main

endpoint of the model and identified species-dependent susceptibility to restraint stress.
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Introduction

Depression is currently among the top five
leading causes of the global disease burden,

affecting 20% of the world’s population.1,2

According to the World Health

Organization, over 300 million people

suffer from major depressive disorder
(MDD) worldwide.3 Depression is a mood

disorder characterized by a depressed
mood, social isolation, anhedonia, and feel-

ings of worthlessness that negatively influ-

ence overall quality of life, sometimes even
causing patients to endanger their lives

through recurrent suicidal thoughts.4,5

Depression represents a chronic and recur-

rent psychiatric condition with varying

symptoms among patients. Patients with
chronic diseases have a higher risk of

depression, which in turn reduces recovery
from chronic diseases and treatment com-

pliance. Depression not only imposes a

large healthcare and economic challenge
on society but also presents considerable

social impacts. MDD is now the main risk

factor for suicide-related deaths and the
second leading cause of disability world-

wide.5 Unfortunately, 30% to 50% of
patients suffering from depression do not

respond to current antidepressant treat-

ments.6 Stress, or psychological stress, is a
reaction mode. When the human body is

stimulated by external adverse factors it
will trigger stress reactions (anxiety, depres-

sion, fear, and other adverse emotions).

Chronic stress, also called long-term
stress, means that the stress process and

event that cause stress will last longer.7 It
has been recognized that physiological

responses to chronic stress are potent mod-
ulators of immune, endocrine, and metabol-
ic pathways.8 Chronic stress is a significant
risk factor for the development of depres-
sion, which leads to synaptic changes and
depressive-like behaviors in rodents.
Currently, chronic stress models are the
most widely used animal models of
depression.9

It is difficult to determine what the
underlying mechanisms of MDD might be
in human studies. In contrast, animal stud-
ies allow the experimental induction of
depression-relevant behaviors, which per-
mits deeper investigations into molecular
pathways. Thus, modeling depression in
animals is vital for uncovering mechanisms
underlying the human condition. Great
progress has been made over the past
50 years in elucidating the pathophysiology
of depression, much of which is attributable
to the implementation of numerous animal
models of depression.2,10,11 Most of the cur-
rent knowledge about the mechanisms
underlying depression has come from
animal models, although no animal model
can be entirely congruent with the human
condition. Chronic psychosocial stressors
are risk factors for the development of
depression in humans.12,13 Chronic stres-
sors are detrimental because they disrupt
the normal stress response of the brain,
eventually contributing to the development
of depression.14–16 Additionally, chronic
stressors enhance levels of stress-related
hormones by disrupting the hypothalamic-
pituitary-adrenal (HPA) axis and suppress
the production of new neurons in the hip-
pocampus.16–18
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Several chronic stress models including
chronic social defeat stress (CSDS), chronic
restraint stress (CRS), and chronic unpre-
dictable mild stress (CUMS) have been
shown to recapitulate depression-like
behaviors in rodents, and thus have been
used to model depression and investigate
its underlying mechanisms. Depression-
like behaviors induced by the animal
models have been examined including by
the sucrose preference test (SPT; indicative
of anhedonia) and forced swim and tail sus-
pension test (indicative of despair). Changes
in the performance of model animals in
these tests can often be reversed by chronic
antidepressant treatments.19 However, it
is noteworthy that stress designs in the
model contribute to stress susceptibility.
Anhedonia is a decreased ability to experi-
ence pleasure that is recognized as a core
symptom of human depression. SPT is
widely applied as a behavioral measure of
anhedonia.20 Experimental animals are
given a free choice between drinking water
or a weak sucrose solution (1%–2%
[weight/volume] sucrose)8 and exhibit a
preference for the latter, reflecting the
hedonic state of rodents.

The CRS model is a convenient, inexpen-
sive, and stable rodent model of chronic
stress because of its relative simplicity and
easy workflow; therefore, it is widely used
to establish depression rodent models.2

Previous publications have used many
strains of rats and mice to establish the
CRS model. Additionally, the restraint
duration, intensity, and other conditions
have been varied across different studies.
Some studies have reported that exposure
to CRS induced anhedonia in rodents on
the basis of decreased sucrose preference,
a core symptom of human depression.21,22

In contrast, a conflicting study reported
that CRS failed to induce anhedonia-like
behaviors.23 Thus, it remains unclear
whether CRS can be used as a valid
animal model of depression that

recapitulates anhedonia-like behavior in
different rodent species and strains.

Systematic reviews and meta-analyses, as
standard practices in clinical research, have

been increasingly performed to validate pre-
clinical studies of disease etiology, diagno-

sis, and prognosis. In terms of animal
experiments, it has been estimated that

approximately 50% of published results
are not reproducible, which has been

described as a “replication crisis”.2

However, few pooled analyses have been

conducted within basic life science research
to evaluate the reliability of results. The aim

of this study was to evaluate the anhedonic-
like behavior induced by the CRS model in

rodents by performing a meta-analysis of
studies that reported SPT results.

Methods and materials

Search strategy

The meta-analysis was conducted following

the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses

(PRISMA) recommendations. We compre-
hensively searched for eligible studies pub-

lished before June 2021 in the PubMed,
Embase, Medline, and Web of Science data-

bases. We searched for the following key-
words and corresponding terms in titles

and/or abstracts: “chronic restraint stress”
OR “chronic psychological stress” AND

“animal model”.

Eligibility criteria and study selection

All studies enrolled in this meta-analysis

satisfied the following criteria: (1) published
in English; (2) reported as original research;

(3) reported the implementation of CRS
protocols in rodents (mice or rats) for at

least 1 week; (4) examined depressive-like
behaviors including SPT (calculated

according to the following formula: %
sucrose preference ¼ [sucrose intake/total
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fluid intake]� 100); (5) provided SPT out-

comes (%) in the text, figures, and/or

graphs; and (6) used normal (wild-type)

experimental animals that were housed in

a suitable environment. Studies were

excluded from the meta-analysis if they

did not meet all of the above criteria. The

selection of included studies was conducted

independently by two authors (YM and

YX). Discrepancies between the two

authors were solved in face-to-face confer-

ences with the third author (XY).

Data extraction

Two authors (YM and YX) independently

extracted data from the included studies

and any disagreements were settled in

face-to-face consultations with the third

author (XY). The authors summarized the

main characteristics of the studies and col-

lected all information regarding CRS design

and SPT protocols. The following informa-

tion was directly extracted from the selected

studies: name of first author, publication

year, model animal features (sex, strains),

CRS model design (restraint stress dura-

tion, period/day), examined depression-

like behaviors, measurement of water and

food consumption, measurement of body

weight, determination of corticosterone

and catecholamine, details of SPT (test

onset time, training protocols, water and

food deprivation period, sucrose concentra-

tions, testing period), and sample sizes (n)

of the experimental and control groups. For

the pooled analysis, SPT outcomes, includ-

ing mean and standard error (SE), standard

deviation (SD), or standard error of mean

(SEM), were directly extracted from graphs

or figures using Engauge Digitizer software.

Statistical analysis

We evaluated the efficacy and stability of

the CRS protocol in modeling depressive-

like behavior according on SPT results in

model animals. Standardized mean differ-
ences (SMDs) with 95% confidence inter-
vals were defined as the indicator of
efficacy, and the meta-analysis was per-
formed by pooling mean sucrose preference
(%) results, SD/SEM/SE of the mean, and
sample size2 using Stata software version
11.1 (STATA Corporation, College
Station, TX, USA). SMD is a measure of
effect size that reflects the degree of out-
comes in the experimental (stressed) group
differing from that of the controls (calculat-
ed according to the following formula:
SMD ¼ (M1–M2)� SD, where M1–M2 is
the difference in the means of the two
groups, and SD is the pooled and weighted
standard deviation).2 A fixed-effect model
was adopted in the pooled analysis.
Results of the meta-analysis are displayed
as forest plots.

The Higgins I2 statistic was used to esti-
mate the heterogeneity among the enrolled
studies. This statistic represents the percent-
age of variation between studies ranging
from 0% to 100%. A P value �0.1 or I2

�50% indicates substantial statistical het-
erogeneity between studies. Publication
bias was assessed using a funnel plot
(a visual aid for detecting bias). The effect
measure (log|SMD|) versus its precision (SE
of log|SMD|) was plotted in the funnel plot.
In cases of absence of publication bias, the
data are expected to be distributed in a
funnel-shaped area in the plot.

Results

Literature search and study selection

The flowchart for identifying eligible
articles for the meta-analysis is shown in
Figure 1. The initial literature search in
the PubMed, Embase, Medline, and Web
of Science databases yielded a total of
2217 distinct articles. Subsequently, 1761
articles were excluded on the basis of their
abstracts, and the full-texts of the
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remaining 456 articles were reviewed.

Ultimately, 33 articles were selected. One

article was identified by manually checking

reference lists, and therefore a total of

34 articles20–22,24–54 were enrolled in this

meta-analysis.

Study characteristics

The pooled analysis involved 57 studies in

the 34 enrolled publications according to

different CRS model designs and included

seven rodent species/strains (i.e., Sprague–

Dawley (SD) and Wistar rats and

Kunming, C57BL/6J, ICR, athymic nude,

and BALB/c mice). An overwhelming

majority of the studies established the

CRS-induced depression model in male

rodents, while only 3.5% of the studies

(2/57) selected female rodents as the

research subjects. Almost all studies suc-

cessfully modeled depression by CRS on

the basis of SPT results; however, different

CRS designs (e.g., duration and intensity)

and SPT protocols (e.g., test onset time,

training protocols, water and food depriva-

tion period, sucrose concentrations, and

testing period) were used in the included

Figure 1. Flow chart of selection process for eligible studies.
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studies. Rodent characteristics and details
of CRS designs are summarized in
Table 1; details of SPT protocols are sum-
marized in Table 2.

The validity of using CRS to model
depression

Pooled analyses were performed based on
the availability of mean, SE, SD, or SEM,
and sample size (n) data for each stress and
control group. SPT results were directly
extracted from graphs or figures using a
digitizing software and are shown in Table 3.

The pooled analysis of SPT results from
the included studies indicated a significant
induction of anhedonic-like behavior in
CRS model groups of C57BL/6J mice
(Figure 2), SD rats (Figure 3), Wistar rats
(Figure 4), Kunming mice, ICR mice,
athymic nude mice, and BALB/c mice
(Figure 5). Further analysis indicated sub-
stantial statistical heterogeneity between
studies. These results are summarized in
Table 4.

The pooled analysis of SPT results dem-
onstrated a stronger effect of restraint stress
on rats than mice. Notably, the pooled anal-
ysis showed that SD rats (SMD¼�3.956
[�4.286, �3.626], p< 0.001, I2¼ 83.8%)
and Wistar rats (SMD¼�3.531 [�3.960,
�3.102], p< 0.001, I2¼ 80.0%) exhibited
greater susceptibility to restraint stress than
C57BL/6J mice (SMD¼�2.80 [�3.221,
�2.380], p< 0.001, I2¼ 90.4%). Furthermore,
the total effect size in SD rats was higher
than in Wistar rats.

Additionally, the meta-analysis demon-
strated differential sensitivity to restraint
stress of varied durations. In C57BL/6J
mice, the total effect size indicated the insta-
bility and invalidity in the induction of
anhedonic-like behavior after 1 week of
CRS exposure (SMD¼�0.954 [�2.037,
0.128], p¼ 0.084, I2¼ 97.1%). A longer
CRS exposure protocol resulted in a suffi-
cient effect size, with a higher SMD value

found after 3 weeks (SMD¼�3.389
[�4.122, �2.655], p< 0.001, I2¼ 88.80%)
than after 2 weeks (SMD¼�2.396
[�3.196, �1.597], p< 0.001, I2¼ 91.7%).
Four weeks of CRS exposure (SMD¼
�3.613 [�4.467, �2.759], p< 0.001,
I2¼ 84.5%) resulted in a stronger behavior-
al effect than 3 weeks of CRS exposure. In
SD and Wistar rats, only 1 week of expo-
sure successfully recapitulated the
anhedonic-like behavior according to the
SPT results. Interestingly, a 10-day CRS
protocol resulted in stronger behavioral
effects than a 2-week protocol in SD rats.
Similarly, the effect of 2-week CRS expo-
sure was stronger than 3-week exposure in
Wistar rats.

Regarding heterogeneity tests, the single
group heterogeneity was low for SD rats
after 10-day CRS exposure (I2¼ 14.20%).
However, high heterogeneity was observed
in the other groups. In SD rats, heterogene-
ity in the single group with 3-week exposure
(I2¼ 86.5%) was higher than that of the
group with 2-week exposure (I2¼ 71.3%).
For C57BL/6J mice, longer exposure proto-
cols resulted in decreased heterogeneity
(1-week: I2¼ 97.10%; 2-week: I2¼ 91.70%;
3-week: I2¼ 88.80%; and 4-week:
I2¼ 84.50%).

Discussion

The CRS model is widely used to recapitu-
late depression features due to its relative
simplicity. However, it is frequently criti-
cized for its perceived lack of efficacy. We
performed a meta-analysis of studies that
used CRS protocols to evaluate
anhedonic-like behavior in rodents. As the
primary endpoint of this study, we
attempted to identify strain-dependent sus-
ceptibilities to CRS on the basis of a core
symptom of depression, anhedonia.

CRS is one of the most extensively used
stress paradigms in laboratory animals to
model human psychological stress. CRS

6 Journal of International Medical Research
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protocols are simple and require less time,
cost, and labor than CUMS. This study
evaluated the validity of CRS in rodent
models by analyzing effects on anhedonic-
like behavior. After undergoing CRS for at
least 1 week, there was decreased respon-
siveness to sucrose consumption analogous
to anhedonia, the core symptom of MDD.
However, there were methodological differ-
ences between the CRS protocols, including
in restraint conditions, duration, and
handling.

A comparative study demonstrated that
increasingly severe movement restrictions
led to greater behavioral stress responses.49

Our pooled analysis of SPT results con-
firmed that duration of CRS exposure con-
tributed to anhedonia-like behavioral
responses, especially in C57BL/6J mice.
Other differences in experimental proce-
dures, including light/dark phase, water
and food deprivation, presence of a foreign
object, and novel noises and odors in the
housing may simultaneity function as the
stimuli, thereby potentially altering endo-
crine physiology and the development of
depressive-like behaviors.

Rodents naturally avidly consume sweet
foods and selectively drink sweet liquids
when given a free choice of two bottles
with separate access to sucrose solution
and regular water.55,56 Sucrose preference
is a valid read-out of hedonic behavior,
and a reduced sucrose preference ratio in
stressed animals relative to controls is indic-
ative of anhedonia.56 Some studies have
measured absolute sucrose consumption as
a measure of anhedonia;57 however, it is
unclear how this measure affects reliability.
First, the intake volume of sucrose solution
can fluctuate considerably in rodents due to
weight differences in experimental animals.
Second, in some cases the rodents consume
a decreased volume of liquid including
sucrose solution and regular water.
Occasionally, they consume large amounts
of both liquids.56 Thus, in ourT
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meta-analysis, we chose to use the sucrose
preference ratio rather than the absolute
sucrose consumption as the indicative mea-
sure of SPT. Sucrose preference ratio is a
widely accepted parameter for anhedonia-
like behavior in depressive rodents.

The test designs differed between the
included studies, including test onset time,
training protocols, water and food depriva-
tion period, sucrose concentrations, and
testing period. According to the recommen-
dations of previous studies in the field of
depression, a 1% to 2% (weight/volume)
sucrose solution is the optimal concentra-
tion to elicit a preference over water.
Some of the included studies ignored habit-
uation to sucrose solution and two-bottle
conditioning and did not conduct baseline
measurements. Food and water deprivation
prior to SPT can act as an additional stress-
or that affects anhedonic behavioral
response. It is notable that the time
chosen for SPTs is also important because
circadian rhythms influence drinking
behavior. Accordingly, it is appropriate to
adopt a standard protocol for SPT to esti-
mate anhedonic phenotypes in depression
models.

Although there was decreased sucrose
preference in the stressed groups compared
with controls, the duration of CRS can dif-
ferentially affect anhedonic-like behavior in
model animals. Experimental animals pre-
sent different degrees of decreased sucrose
preference (%) depending on CRS dura-
tion. For example, sucrose intake tended
to decrease in C57BL/6J mice over expo-
sure durations from 1 to 4 weeks.
Publication bias was assessed in different
rodent species/strains by funnel plot
(Figure 6), which indicated marginal effects
of publication bias that were mostly attrib-
utable to small sample sizes and insufficient
reporting of negative data. The trim and fill
method allows estimates of an adjusted
meta-analysis in the presence of publication
bias;58 thus, we performed a trim and fillT
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analysis of the included studies. The results
indicated that the presence of publication
bias did not greatly affect the pooled anal-
ysis of effect size.

There was high heterogeneity among
studies in the single-group analysis, which
suggested difficulties in achieving reproduc-
ible effects of the CRS protocol by different
research groups. Numerous factors can
bring heterogeneity into the pooled results,
including the animal strains, animal sex,
CRS protocol (e.g., duration, intensity,
and housing and restraint conditions), and
SPT protocols (e.g., test onset time, training
protocols, water and food deprivation
period, sucrose concentrations, and testing
period), which should be considered when
designing CRS protocols for modeling
anhedonic-like behavior. Additionally, cir-
cadian rhythm and restraint placement are
important factors in CRS protocols that
should not be overlooked. The restraint

placement and time periods used in
the included studies are summarized in
Table 5. Most of the included studies per-
formed CRS over a fixed daily time period
to avoid circadian rhythm fluctuations.
Experimental animals were periodically
constrained from movement by placing
them in tubes of suitable volumes depend-
ing on the animal species/strain.

The effectiveness of CRS is not confined
to a particular strain/species of animal. Our
pooled analysis demonstrated inter-species
variability, with rats exhibiting greater sus-
ceptibility to restraint stress compared with
mice. In terms of murine CRS-induced
depression models, BALB/c mice were not
commonly used. In 2020, Tsuchimine et al.
conducted a comparison of the physiologi-
cal and behavioral responses to CRS
between C57BL/6J and BALB/c mice.30

The results showed that BALB/c, but not
C57BL/6J, mice presented anhedonia-like

Figure 2. Forest plots of standardized mean difference (SMD) of sucrose preference (%) in C57BL/6J mice
following exposure to chronic restraint stress. The effect size was determined by calculating the SMD
combined with their 95% confidence intervals. Diamonds indicate SMD values, and the horizontal lines
represent 95% confidence intervals.

Mao et al. 17



behavior after CRS according to SRT

results, indicating a greater behavior stress

response in BALB/c than in C57BL/

6J mice.
Chronic stress results in a higher magni-

tude of corticosterone responses, and it has

been reported that chronic administration

of corticosterone to mice induces

anhedonia-like behavior.59 Consistently,

human studies have shown that anhedonia

symptoms are associated with higher corti-

costerone levels in patients with depres-

sion.60 Inter-strain variability in the

development of anhedonia-like behavior

could be explained by differences in the

functionality of the HPA axis. Another

explanation for inter-strain variability is

differences in the type of immune

responses involved including Th1 and Th2

immunity, which may contribute to CRS

susceptibility.61

An overwhelming majority of the studies

established CRS-induced depression models

in male rodents, with only 3.5% of the stud-

ies (2/57) selecting female rodents as the

research subjects. In 2012, Eiland et al.

found a significant effect of sex in CRS-

induced depression-like behavior, with

females exhibiting greater locomotion than

males under restraint stress.29 A similar

finding was reported following CRS, in

that CRS did not induce distinguishable

Figure 3. Forest plots of standardized mean difference (SMD) of sucrose preference (%) in
Sprague–Dawley rats following exposure to chronic restraint stress. The effect size was determined by
calculating the SMD combined with their 95% confidence intervals. Diamonds indicate SMD values, and the
horizontal lines represent 95% confidence intervals.
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Figure 4. Forest plots of standardized mean difference (SMD) of sucrose preference (%) in Wistar rats
following exposure to chronic restraint stress. The effect size was determined by calculating the SMD
combined with their 95% confidence intervals. Diamonds indicate SMD values, and the horizontal lines
represent 95% confidence intervals.

Figure 5. Forest plots of standardized mean difference (SMD) of sucrose preference (%) in mice of other
strains following exposure to chronic restraint stress. The effect size was determined by calculating the SMD
combined with their 95% confidence intervals. Diamonds indicate SMD values, and the horizontal lines
represent 95% confidence intervals.
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Figure 6. Funnel plots of the effect measure (log|SMD|) versus its precision (standard error [SE] of log|
SMD|) of sucrose preference (%) for C57BL/6J mice (a), Sprague–Dawley rats (b), Wistar rats (c) and mice of
other strains (d).

Table 5. The restraint placements and time periods used in the included studies.

Study Animal strain Restraint placement Time periods

Yin et al., 2020 C57BL/6 mice placed in a 50-mL syringe between 11:00 am and

5:00 pm

Liang et al., 2015 Sprague–Dawley rats placed in polypropylene cylinders

(6-cm inner diameter)

NA

Kim et al., 2018 C57/BL6 mice placed in a well-ventilated plastic

tube

NA

Casta~neda et al.,

2015

Sprague–Dawley rats placed in a transparent plexiglass

tube (25� 3� 8 cm)

between 9:00 am and

12:00 pm

Hashikawa-

Hobara

et al., 2015

C57BL/6 mice placed in a modified 50-mL

polyethylene tube

starting at 10:00 am

Moreno et al.,

2020

Sprague–Dawley rats Placed in well ventilated and

transparent acrylic restrainers

(6� 6� 18 cm)

between 9:00 am and

11:00 am

Eiland et al., 2012 Sprague–Dawley rats placed in snuggly-fitted wire mesh

restrainers

between 8:00 am and

11:00 am

Chiba et al., 2012 Wistar rats placed in acrylic cylinders (6.5-cm

inner diameter, 20-cm long)

between 9:00 and 15:00

Aboul-Fotouh

et al., 2013

Wistar rats placed in Plexiglas restrainers

(25� 7 cm)

between 8:00 and 14:00

(continued)
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Table 5. Continued.

Study Animal strain Restraint placement Time periods

Tsuchimine et al.,

2020

BALB/c mice restrained in a plastic DecapiCone

(Braintree Scientific Inc.,

Braintree, MA, USA)

NA

Cheng et al., 2017 Sprague–Dawley rats Placed in a plastic restrainer (550-mL

water bottle [Nongfu Spring Co.

Ltd., Hangzhou, China] or 600-mL

water bottle [Danone])

from 8:30am to 9:00 am

Chen et al., 2020 C57BL/6 mice placed in 50-mL plastic tubes NA

Shilpa et al., 2017 Wistar rats placed in rodent immobilization bags from 10 am to 12 pm

Wang et al., 2017 Sprague–Dawley rats restrained in a cylinder-shaped wire

net (20-cm length and 5-cm

diameter)

NA

Liu et al., 2018 Sprague–Dawley rats Placed in a plastic restrainer (550-mL

water bottle [Nongfu Spring Co.

Ltd., Hangzhou, China])

between 9:00 and 15:00

Li et al., 2019 C57BL/6J mice placed in 50-mL conical tubes Starting at 10:00 am

Luo et al., 2015 Sprague–Dawley rats placed in a plastic restrainer (350-mL

water bottle [Wahaha Co. Ltd.,

Hangzhou, China])

from 13:00 to 17:00

Pan et al., 2019 Sprague–Dawley rats Restrained in wooden T-shaped

double-binding platforms, includ-

ing a base platform (20-cm long,

10-cm wide and 2.8-cm thick) and

an upper platform (22-cm long and

6.6-cm wide)

from 19:00 to 22:00

Li et al., 2019 C57BL/6J mice placed in 50-mL conical tubes with

ventilation holes

from 10:00 to 12:00

Zhu et al., 2019 C57BL/6J mice placed in the well-ventilated Plexiglas

tubes with an inner diameter of

6 cm

from 09:00 to 15:00

Zhao et al., 2017 Kunming mice placed in well-ventilated 50-mL

conical Plexiglas tubes

from 10:00 to 16:00

SH Park et al.,

2018

C57BL/6J mice placed in a tube (diameter: 30mm;

length: 100mm [Jeung Do Bio &

Plant Co., Ltd., Seoul, Korea])

NA

Han et al., 2014 ICR mice placed in 50-mL Corning tubes from 11:00 to 13:00

Wang et al., 2021 C57BL/6J mice immobilized in a mouse restraint

apparatus

NA

Zhou et al., 2021 Wistar rats placed in acrylic cylinders (6.5 cm in

diameter, 20 cm in length)

from 9:00 to 15:00

MJ Park et al.,

2018

C57BL/6J mice placed into 50-mL polypropylene

conical tubes

NA

Wang et al., 2019 Kunming mice placed in acrylic cylinders (inner

diameter: 6.5 cm; length: 20.0 cm)

between 9 am and 1 pm

Liu et al., 2016 Sprague–Dawley rats Placed in a plastic restrainer (550-mL

water bottle [Nongfu Spring Co.

Ltd., Hangzhou, China])

from 09:00 to 15:00

Ampuero et al.,

2015

Sprague–Dawley rats placed in plastic bags (18� 6� 6 cm) NA

Zhu et al., 2014 C57BL/6J mice placed in plastic tubes Between 09:00 and 11:00

Seewoo et al.,

2020

Sprague–Dawley rats placed in transparent tubes (diame-

ter: 5–6 cm; length: 19–23 cm)

between 12:30 pm and

3:30 pm

(continued)
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anhedonia-like behavior in female C57BL/

6J mice, while other studies using male

C57BL/6J mice reported a positive effect.50

A growing literature suggests sexual
dimorphisms in the endocrine and immune

systems and in stress resilience.2 These sex

differences are likely attributable to steroid

hormones, such as estrogens and andro-

gens, which can modulate the effects of

stress on dendritic remodeling and regulate

susceptibility to stressful events.2,62 It was

reported that in rats with heart failure

induced by myocardial infarction, in contrast

to males, females do not develop depression-

like behavior or an increase in prefrontal

cortex cytokines, and this discrepancy was
attributed to the role of estrogens.63 Thus,

the sex of model animals should be consid-

ered when designing experiments.
In conclusion, this meta-analysis indicat-

ed that the CRS protocol is a reliable and

effective rodent model of anhedonic-like

behavior. However, there was high hetero-

geneity in the single subgroup analysis,

which may be attributable to the duration
and intensity of CRS and to SPF protocols.

This work may provide a reference stress

duration and intensity for CRS models in

specific animal species/strains.
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