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SUMMARY:

This article provides a simplified and standardized protocol for induction of depressive-like
behavior in chronically immobilized mice by using a restrainer. In addition, behavior and
physiological techniques to verify induction of depression are explained.

ABSTRACT:

Depression is not yet fully understood, but various causative factors have been reported.
Recently, the prevalence of depression has increased. However, therapeutic treatments for
depression or research on depression is scarce. Thus, in the present paper, we propose a mouse
model of depression induced by movement restriction. Chronic mild stress (CMS) is a well-known
technique to induce depressive-like behavior. However, it necessitates a complex procedure
consisting of a combination of various mild stresses. In contrast, chronic immobilization stress
(CIS) is a readily accessible chronic stress model, modified from a restraint model that induces
depressive behavior by restricting movement using a restrainer for a certain period. To evaluate
the depressive-like behaviors, the sucrose preference test (SPT), the tail suspension test (TST),
and the ELISA assay to measure stress marker corticosterone levels are combined in the present
experiment. The described protocols illustrate the induction of CIS and evaluation of the changes
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in behavior and physiological factors for the validation of depression.

INTRODUCTION:

Major depressive disorder (MDD) is the leading cause of mental disability worldwide, with an
incidence that is increasing faster than anticipated. In 2001, the World Health Organization
predicted that MDD would be the second most common disease in the world by 2020. However,
it was already the second most common in 20131, In addition, current antidepressants have many
limitations, including delayed effectivity, drug resistance, relapse, and various side effects??.
Researchers must therefore develop more effective antidepressants. However, the ambiguous
pathophysiology of MDD presents an obstacle to the development of novel antidepressants.

Long-term stress is the main risk factor for MDD. It can induce dysfunction in the hypothalamic-
pituitary-adrenal (HPA) axis, which is also related to MDD etiology*®. As described previously, the
HPA axis plays a critical role in stress-induced psychiatric pathophysiology including depression
and anxiety disorders by increasing corticosterone levels®®. Many animal models have been
based on sustained activation of the HPA axis, which is observed in patients with MDD,
Moreover, high glucocorticoids induced by chronic stress and subcutaneously injected
glucocorticoids cause depressive behaviors along with neural cell death, atrophy of neuronal
processes, and reduced adult neurogenesis in the brain of rodents!®!!, Another important brain
area associated with depression is the medial prefrontal cortex (mPFC). The mPFC plays a crucial
role in controlling brain subregions, such as the hypothalamus and amygdala, that control
emotional behavior and stress responses®?. For instance, lesions in the dorsal mPFC induced HPA
axis dysfunction and enhanced corticosterone secretion due to restraint stress'?!3, A recent
study also showed that repeated restraint stress increased corticosterone levels, which could be
decreased by glutamine supplementation via glutamate-glutamine cycle between neurons and
astrocyte in the mPFC°.

The first chronic stress paradigm used to study the etiology of MDD was suggested by Katz!4.
Willner et al. then proposed a chronic mild stress (CMS) model based on the findings of Katz.
They confirmed that the model had predictive validity by observing that antidepressants restored
CMS-induced anhedonic-like behavior®>®, Typically, the CMS model consists of a combination of
various mild stresses, such as mild noise, cage tilting, wet bedding, altered light-dark cycles, cage
shaking, forced swimming, and social defeat. The CMS model is widely utilized by researchers;
however, this model is of poor replicability, and time- and energy-inefficient. Therefore, there is
a growing demand for a standardized and simplified protocol for induction of depressive-like
behavior and physiological analysis to evaluate depression. Compared to the CMS model, the
chronic immobilization stress (CIS; also known as chronic restraint stress) model is simpler and
more efficient; therefore, the CIS model can be widely used in chronic stress studies!’?4. In
addition, CIS can be used in both male and female mice to develop depressive behaviors?>26.
During CIS, animals are placed in a body-fit sized cylinder for 1-8 hours per day for 2 or 4
weeks>?728 Of these, restraint stress condition for 2 hours per day for 2 weeks is sufficient to
cause depressive behaviors with minimal pain in mice®?8. Under restraint conditions, blood
corticosterone levels were rapidly increased®?®2°, Several studies have shown that the CIS model
has predictive validity, confirming that CIS-induced depressive-like symptoms are restored by
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antidepressants'®20:3031 Herein, we report the detailed procedures of CIS, as well as some
behavioral and physiological outcomes after CIS in mice.

PROTOCOL:

All experimental protocols and animal care were conducted according to the guidelines of the
University Animal Care Committee for Animal Research of Gyeongsang National University (GLA-
100917-M0093).

1. Materials
1.1. Mice

1.1.1. Use males of C57BL/6 strain background weighing 22—-24 g at postnatal week 7. Habituate
in the breeding room for 1 week before the experiments.

NOTE: All mice were purchased from a laboratory animal company.

1.1.2. House mice individually in a temperature-controlled vivarium (22—24 °C) under a 12-hour
light/dark cycle (lights on at 6:00 A.M.), with normal laboratory chow and water available ad
libitum.

1.2. Restrainer

1.2.1. Use a cylindrical, transparent, acrylic tank (height = 8.5 cm, diameter = 2.5 cm) fixed on a
square pedestal to restrain and to produce depressive behavior (Figure 1A). The diameter of this
cylinder was made to fit the body so that the mouse could not turn and move forwards or
backwards. The restrainer can be purchased commercially or made in the lab.

1.3. Tail suspension apparatus

1.3.1. Use areasonable size tail suspension box made of translucent acrylic (height = 30 cm, width
=20 cm, length = 20, Figure 1B). To prevent interactions between the animals, use rectangular
partitions within the box so that the floor and three of the four walls are blocked by acrylic plates.
Leave the remaining two sides of the box open to allow video recording and to fix the horizontal
bar. The box can be purchased commercially or made in the lab.

1.4. Video recording device and video tracking software

1.4.1. Use a black and white-display closed-circuit television camera (see Table of Materials)
connected to a computer and a tripod (or other support products) to allow recording of the
behavioral experiment. Video recording is essential to allow behavioral scoring in this
experiment, because at least two mice are tested at the same time.
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1.4.2. Ensure that the camera resolution is high enough to allow the video data to be analyzed
using the video tracking software (see Table of Materials) installed in the connected computer.

2. Induction of depression by CIS restraint

NOTE: Handle the mouse gently, but firmly with confidence. Both rough and tentative handling
is another stress factor in the experiment and it is an important reason for the mouse struggling,
biting, and scratching.

2.1. Set the room light to light (200 Lux) conditions using a digital lux meter.

2.2. House the mouse in a separate cage at least a week before testing and place the mouse in
the testing room for at least 30 min before the experiment.

NOTE: Handle the mice at least once a day for at least 3 consecutive days before the experiment
so that the mice become familiar with the experimenter. An adaptational period before the
experiment is necessary to ensure that the mice acclimatize to the circumstance, such as the
testing room.

2.3. Gently hold the mouse tail to avoid tensing the mouse, and then carefully place it on a rough
surface (top of wire bar of the cage or cage lid).

2.4. Cover the restrainer with a small white towel, and then gently place the mouse at the
opening of the restrainer so that the mouse enters the restrainer voluntarily.

NOTE: In this case, the mouse is positioned in the opposite direction to that which it enters the
restrainer with. To lead the mouse to enter the restrainer voluntarily, the restrainer is covered
with a small towel to make the inside darker.

2.5. Place the closure to restrain the mouse as tight as possible, being careful to avoid damage
to the body, such as tail, feet, and testicles.

2.6. Restrain the mouse for 2 hours/day (9:00 A.M. to 11:00 A.M.) for 15 consecutive days.

2.7. Measure body weight and food intake every 48 hours during exposure to the restrainer (i.e.,
food intake quantity during the 48 hours before the initiation of the movement restraint).

NOTE: When measuring body weight and food intake, place control mice in their home cages in
the testing room during CIS. Ensure that other environmental factors are the same as for the CIS
mice.

2.8. Confirm the induction of depression by performing behavioral tests such as the sucrose
preference test (SPT) and the tail suspension test (TST) (refer to steps 4 and 5).
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2.9. Confirm the induction of depression by measuring the stress marker corticosterone using
ELISA assay (refer to section 6).

3. The sucrose preference test

3.1. Before testing, habituate the mice to the presence of two drinking bottles (one containing
0.1 M sucrose and the other containing plain water) for 48 hours. Switch the positions of the two
bottles after 24 hours to reduce any confounding produced by a side bias.

3.2. On the 3 day, deprive the mice of water for 24 hours.

3.3. On the day of the SPT experiment, expose the mice to two drinking bottles for 6 hours. After
3 hours, switch the position of the water bottles.

3.4. Record the volume (mL) of sucrose solution and water consumed and then calculate the
animals’ affinity to sucrose.

3.5. Generally, calculate sucrose preference as a percentage of the volume of sucrose
consumption over the total fluid consumption during the test.

4. The tail suspension test

4.1. Bring the CIS-induced mice into the testing room at least 30 minutes before beginning the
TST.

4.2. Set the room light to dim (50 Lux) conditions.

4.3. To obtain the highest resolution video file, place the camera as close to the mouse as possible
(around 40 cm from the mouse).

4.4. Suspend the mouse firmly from the horizontal bar (30 cm from the bottom line) using
cellophane adhesive tape (the distance from the tip of the tail is 1 cm). Complete the process of
applying tape to the mouse as soon as possible to minimize other sources of stress.

4.5. Once the mouse is firmly suspended from the horizontal bar, place it in the middle of the
suspension box and fix the bar with tape to prevent struggling.

4.6. Once the mouse is positioned in the middle of suspension box, start recording and observe
the behavioral alterations continuously for 6 minutes. If the mouse attempts to climb its tail, use
a stick or climb stopper to prevent it from doing so.

4.7. At the end of the experiment, move the mouse to its home cage and carefully remove the
tape from its tail.
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4.8. Analyze the accumulated time of immobile periods using the video tracking software.

NOTE: The duration of immobility is the most important CIS parameter. This can be calculated as
the accumulated time of immobile periods, defined in terms of a motion threshold contained
within the level-filtering device of the software.

5. Measuring corticosterone levels in blood by ELISA
NOTE: A day after the behavioral test, the mice are sacrificed for blood collecting.

5.1. Anesthetize the mouse with 5% isoflurane in an induction chamber until anesthesia. Ensure
the mouse has sufficient time in the induction chamber (at least 2 minutes) to prevent waking up
during surgery.

5.2. Collect blood from the heart using a 1 mL syringe, and store the blood in vacutainers
containing KsEDTA on the ice (at 9 A.M.)

5.3. Separate plasma by centrifugation at 1,000 x g for 15 min at 4 °C.

5.4. Quantify plasma corticosterone levels using the corticosterone ELISA kit (see Table of
Materials) according to the manufacturer's protocol.

REPRESENTATIVE RESULTS:

In the representative experiment, all data were acquired from 6 - 8 mice per group.
Representative materials and the method to insert the mouse voluntarily into the restrainer are
shown in Figure 1.

To perform the behavioral test and blood sampling after CIS induction, mice were subjected to
the experimental procedure as summarized in Figure 2A. As shown in Figure 2 and Figure 3, CIS
induces depressive-like behaviors well and releases the stress marker corticosterone. In addition,
these indexes were recovered by glutamine supplementation (mice were fed glutamine-
supplemented diets during the entire experimental period, 150 mg/kg) as shown in Figure 3.

FIGURE AND TABLE LEGENDS:

Figure 1: Restrainer setup. (A) Restrainer, (B) tail suspension box, and (C) water bottle and ball
nozzle. (D) The process of inserting the mouse into the restrainer to induce CIS. From the left
panel, mouse voluntarily enters the restrainer after the restrainer is covered with a small towel.
The right panel shows that the mouse has completely entered the restrainer. This figure was
modified from Son et al.® Copyright permission has been obtained from the journal for all reused
figures.

Figure 2. Induction of the chronic immobilization stress and evaluation of depressive-like
behaviors in mice. (A) Experimental procedure. Body weight (B) and food intake (C) in the control
group (blue line, n = 8) and in the CIS group (red line, n = 8). (D and E) Sucrose preference and
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immobility time (n =8 in both tests). (F) Blood corticosterone levels (n =7/group). Data are
shown as mean + SEM. *p < 0.05 as determined by (B and C) two-way ANOVA with Bonferroni
post-hoc test or (D—F) unpaired Student's t-test. CIS = chronic immobilization stress, SPT = sucrose
preference test, TST = tail suspension test, DC = decapitation. This figure was modified from Son
et al.? Copyright permission has been obtained from the journal for all reused figures.

Figure 3. A glutamine-supplemented diet ameliorates depressive-like behaviors. Body weight
(A) and food intake (B) in the control group (blue line, n = 7), CIS group (red line, n =7) and CIS +
glutamine supplemented group (green line, n = 7). Sucrose preference (C), immobility time (D)
and blood corticosterone levels (E) (n = 6-7/group). Data are shown as mean + SEM. *p < 0.05 as
determined by (A and B) two-way ANOVA with Bonferroni post-hoc test or (C-E) unpaired
Student's t-test. GIn = glutamine. This figure was modified from Son et al.® Copyright permission
has been obtained from the journal for all reused figures.

DISCUSSION:

The complexity of the brain and heterogeneity of MDD make it challenging to create animal
models that completely reproduce the condition. Many researchers have overcome this difficulty
using an endophenotype-based approach?, in which anhedonia (lack of interest in rewarding
stimuli) and despair are considered evolutionarily conserved and quantifiable behaviors in animal
models, which are also seen in patients with depression®. In the present paper, we have
presented a method in which CIS was sufficient to induce anhedonia and despair, demonstrating
translational relevance between CIS and MDD. Moreover, many studies have used CIS to identify
the mechanism eliciting depressive-like behaviors and to assess antidepressants capable of
restoring normal behavior®1920:30:3134 Thys, the CIS may be appropriate for studying the etiology
of MDD and may therefore be useful in the development of new antidepressants.

Several factors affect the development of depressive-like behavior during CIS. The first is animal
strain because the extent of stress response to CIS may vary depending on the animal strain.
Indeed, several strain-related differences in response to depressive behavioral tests and
antidepressants are known3>3¢, In this regard, particular attention should be paid to the tail-
climbing behavior of the commonly used C57BL strain3’-3%, Second, environmental stress factors,
such as light, noise, and housing, should be minimized. Although social isolation stress may
influence the findings*>#!, we conducted CIS on single-housed mice because isolation has more
advantages than disadvantages. For example, it can minimize social defeat stress because CIS
often causes group-housed mice to attack each other. Indeed, the control mice also attack their
housemates, affecting the baseline behavior in the TST and SPT. Another factor to consider
before starting the experiment is sex. In this article, we performed all experiments with male
mice, as emotional and cognitive behaviors are affected by the menstrual cycle in female mice**-
4 Moreover, female rodents are relatively more susceptible to stress-related disorders, such as
depression. Therefore, if the experimenter wants to use female mice, the time point of
depressive-like behavior induction should be confirmed and the CIS protocol should be modified.
In addition, all mice should be allowed a period of habituation to the new circumstance, and the
experimenter should avoid adding new animals to the testing room during the experiment,
because the mice may sense new olfactory and ultrasonic cues during the experiment. When the
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experimenter is moving the mice to another floor or a long distance, it is necessary to cover the
breeding cage with a piece of black cloth. Lastly, age is an important factor in determining the
extent of response and recovery to stress*. We focused on the etiology of MDD in adolescence—
8-week-old mice were used throughout the experiment. Experimenters should consider whether
the abovementioned factors may influence the results when designing the CIS.

To validate CIS induction, tests that indicate depression, such as body weight and food intake
measurement, TST, and SPT, should be performed and a physiological stress indicator, such as
changes in corticosterone, should be investigated®*44’. However, the TST method applied in this
experiment is not recommended in rats because rats are too heavy to be supported by their tails.
In such cases, the TST should be replaced with forced swimming or open field tests3®42, In this
experiment, the primary consideration was the size of the suspension box. By using adhesive
cellophane tape, the tail of the mouse was suspended on a horizontal bar located in the middle
of the box on the ceiling. Therefore, the box should be large enough to prevent the mouse from
contacting the wall during the experiment. The SPT, an indicator of anhedonia, suggests an
emotional disorder such as depression. In the present experiment, the interest of the mice in a
sweet drink was evaluated by using sucrose.

In order to induce depressive-like behavior, we modified the restraint technique of the CMS
model to establish CIS, which is a simplified and highly reproducible technique to perform
experiments in depression. However, in using CIS as a repetitive restraint model, there is a
possibility that experimental animals could adapt to CIS and become insensitive to it. In addition,
locomotion tests may not be appropriate as prolonged restraint could affect the movement of
animals. Therefore, the establishment of a set point of restraint time in a day and consecutive
days is important to minimize other factors except depression. In addition, it is necessary to
perform the behavioral and the physiological test to verify the induction of depression after
exposure to CIS.

In conclusion, despite the increasing interest of researchers in depression, it remains challenging
to systematically define the pathological mechanism, which can be ascribed to the diverse and
complex pathophysiology of depression. Hence, simplified animal models to induce depression,
such as CIS, may provide important evidence to establish the mechanism of depression induction
and suggest a good experimental platform to obtain therapeutic answers for such a complex
mental problem.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | A chronic immobilization stress protocol for inducing depression-like
behavior in mice

Author(s):
Hyeonwi Son, Ju Hwan Yang, Hyun Joon Kim and Dong Kun Lee

ltem 1: The Author elects to have the Materials be made available (as described at

http://www .jove.com/publish) via:

Standard Access

Item 2: Please select one of the following items:

D Open Access

The Author is NOT a United States government employee.

L__]The Author is a United States government employee and the Materials were prepared in the
course of his or her duties as a United States government employee.

DThe Author is a United States government employee but the Materials were NOT prepared in the
course of his or her duties as a United States government employee.

ARTICLE AND VIDEO LICENSE AGREEMENT

1. Defined Terms. As used in this Article and Video
License Agreement, the following terms shall have the
following meanings: “Agreement” means this Article and
Video License Agreement; “Article” means the article
specified on the last page of this Agreement, including any
associated materials such as texts, figures, tables, artwork,
abstracts, or summaries contained therein; “Author”
means the author who is a signatory to this Agreement;
“Collective Work” means a work, such as a periodical issue,
anthology or encyclopedia, in which the Materials in their
entirety in unmodified form, along with a number of other
contributions, constituting separate and independent
works in themselves, are assembled into a collective whole;
“CRC License” means the Creative Commons Attribution-
Non Commercial-No Derivs 3.0 Unported Agreement, the
terms and conditions of which can be found at:
http://creativecommons.org/licenses/by-nc-

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion
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of the Article, and in which the Author may or may not
appear.

2. Background. The Author, who is the author of the
Article, in order to ensure the dissemination and protection
of the Article, desires to have the JOVE publish the Article
and create and transmit videos based on the Article. In
furtherance of such goals, the Parties desire to memorialize
in this Agreement the respective rights of each Party in and
to the Article and the Video.

3L Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b} to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4. Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JOVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

5. Grant of Rights in Video — Standard Access. This
Section 5 applies if the “Standard Access” box has been
checked in Item 1 above or if no box has been checked in
Item 1 above. In consideration of JoVE agreeing to produce,
display or otherwise assist with the Video, the Author
hereby acknowledges and agrees that, Subject to Section 7
below, JOVE is and shall be the sole and exclusive owner of
all rights of any nature, including, without limitation, all
copyrights, in and to the Video. To the extent that, by law,
the Author is deemed, now or at any time in the future, to
have any rights of any nature in or to the Video, the Author
hereby disclaims all such rights and transfers all such rights
to JoVE.

6. Grant of Rights in Video — Open Access. This
Section 6 applies only if the “Open Access” box has been
checked in Item 1 above. In consideration of JOVE agreeing
to produce, display or otherwise assist with the Video, the
Author hereby grants to JoVE, subject to Section 7 below,
the exclusive, royalty-free, perpetual (for the full term of
copyright in the Article, including any extensions thereto)
license (a) to publish, reproduce, distribute, display and
store the Video in all forms, formats and media whether
now known or hereafter developed (including without
limitation in print, digital and electronic form) throughout
the world, (b) to translate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based on all or
any portion of the Video and exercise all of the rights set
forth in (a) above in such translations, adaptations,
summaries, extracts, Derivative Works or Collective Works
and (c) to license others to do any or all of the above. The
foregoing rights may be exercised in all media and formats,
whether now known or hereafter devised, and include the
right to make such modifications as are technically
necessary to exercise the rights in other media and formats.
For any Video to which this Section 6 is applicable, JoVE and
the Author hereby grant to the public all such rights in the
Video as provided in, but subject to all limitations and
requirements set forth in, the CRC License.

7 Government Employees. If the Author is a United
States government employee and the Article was prepared
in the course of his or her duties as a United States
government employee, as indicated in Item 2 above, and
any of the licenses or grants granted by the Author
hereunder exceed the scope of the 17 U.S.C. 403, then the
rights granted hereunder shall be limited to the maximum

ARTICLE AND VIDEO LICENSE AGREEMENT

rights permitted under such statute. In such case, all
provisions contained herein that are not in conflict with
such statute shall remain in full force and effect, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

8. Protection of the Work. The Author(s) authorize
JoVE to take steps in the Author(s) name and on their behalf
if JOVE believes some third party could be infringing or
might infringe the copyright of either the Author’s Article
and/or Video.

9. Likeness, Privacy, Personality. The Author hereby
grants JOVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the only
authors of the Materials. If more than one author is listed
at the top of this Agreement and if any such author has not
entered into a separate Article and Video License
Agreement with JOVE relating to the Materials, the Author
represents and warrants that the Author has been
authorized by each of the other such authors to execute this
Agreement on his or her behalf and to bind him or her with
respect to the terms of this Agreement as if each of them
had been a party hereto as an Author. The Author warrants
that the use, reproduction, distribution, public or private
performance or display, and/or modification of all or any
portion of the Materials does not and will not violate,
infringe and/or misappropriate the patent, trademark,
intellectual property or other rights of any third party. The
Author represents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation all
institutional, laboratory, hospital, ethical, human and
animal treatment, privacy, and all other rules, regulations,
laws, procedures or guidelines, applicable to the Materials,
and that all research involving human and animal subjects
has been approved by the Author's relevant institutional
review board.

11. JOVE Discretion. If the Author requests the
assistance of JoVE in producing the Video in the Author’s
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

12. Indemnification. The Author agrees to indemnify
JoVE and/or its successors and assigns from and against any
and all claims, costs, and expenses, including attorney’s
fees, arising out of any breach of any warranty or other
representations contained herein. The Author further
agrees to indemnify and hold harmless JoVE from and
against any and all claims, costs, and expenses, including
attorney’s fees, resulting from the breach by the Author of
any representation or warranty contained herein or from
allegations or instances of violation of intellectual property
rights, damage to the Author’s or the Author’s institution’s
facilities, fraud, libel, defamation, research, equipment,
experiments, property damage, personal injury, violations
of institutional, laboratory, hospital, ethical, human and
animal treatment, privacy or other rules, regulations, laws,
procedures or guidelines, liabilities and other losses or
damages related in any way to the submission of work to
JoVE, making of videos by JoVE, or publication in JoVE or
elsewhere by JoVE. The Author shall be responsible for, and
shall hold JoVE harmless from, damages caused by lack of
sterilization, lack of cleanliness or by contamination due to

ARTICLE AND VIDEO LICENSE AGREEMENT

the making of a video by JoVE its employees, agents or
independent contractors. All sterilization, cleanliness or
decontamination procedures shall be solely the
responsibility of the Author and shall be undertaken at the
Author’s expense. All indemnifications provided herein
shall include JoVE's attorney’s fees and costs related to said
losses or damages. Such indemnification and holding
harmless shall include such losses or damages incurred by,
or in connection with, acts or omissions of JoVE, its
employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

14. Transfer, Governing Law. This Agreement may be
assigned by JoVE and shall inure to the benefits of any of
JoVE’s successors and assignees. This Agreement shall be
governed and construed by the internal laws of the
Commonwealth of Massachusetts without giving effect to
any conflict of law provision thereunder. This Agreement
may be executed in counterparts, each of which shall be
deemed an original, but all of which together shall be
deemed to me one and the same agreement. A signed copy
of this Agreement delivered by facsimile, e-mail or other
means of electronic transmission shall be deemed to have
the same legal effect as delivery of an original signed copy
of this Agreement.

A signed copy of this document must be sent with all new submissions. Only one Agreement is required per submission.

CORRESPONDING AUTHOR
Name:

Dong Kun Lee
Deparimant: Department of Physiology of Gyeongsang National University Medical School
Institution: Institute of Health Sciences
Title: Assistant professor
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Signature: Date: | 12.14.2018

Please submit a signed anyd dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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A o/ College of Medicine

‘\ Department of Physiology
P: +82-55-772-8045

( YEONGSANG NATIONAL

UNIVERSITY F: +82-55-772-8049

January 21, 2019
Dear Editor,
Reference; JoVE59546

Thank you for giving us the opportunity to revise our manuscript. VValuable revises of
reviewers have made our article more compelling.

In this manuscript we have modified the overall part of the manuscript, including figures,
introduction, discussion and protocol contents following the comments of the reviewers.
Among major comment, we have accepted comments that refer to lack of novelty in the
methodology and lack of detailed description. Thus, we have added figures of a novel method
of CIS induction to minimize other stress using a restrainer in Fig. 1. And CIS-mediated
changes in corticosterone levels, a stress indicator, and recovery effect of glutamine in CIS-
induced depressive behavior were added in Fig. 2 and 3.

We really appreciate for the opportunity to revise our manuscript through following
valuable comments through the revision work. All comments were critical and suggested
valuable directions to correct the manuscript. Thank you again.

Sincerely,

Signature

Dong Kun Lee, Ph.D.

Assistant professor of Physiology and Health Sciences,
College of Medicine of Gyeongsang National University
dklee@gnu.ac.kr
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Editorial comments:

Changes to be made by the author(s) regarding the manuscript:

1. Please take this opportunity to thoroughly proofread the manuscript to ensure that
there are no spelling or grammar issues. The JoVE editor will not copy-edit your
manuscript and any errors in the submitted revision may be present in the published
version.

Thank you for your concern. The manuscript was thoroughly corrected. Incorrect
grammar and spelling have been corrected.

2. Please obtain explicit copyright permission to reuse any figures from a previous
publication. Explicit permission can be expressed in the form of a letter from the editor
or a link to the editorial policy that allows re-prints. Please upload this information as
a .doc or .docx file to your Editorial Manager account. The Figure must be cited
appropriately in the Figure Legend, i.e. “This figure has been modified from [citation].”

We obtained copyright permission from ‘neuropharmacology’ for the all reused figures.
The information for copyright permission is uploaded to my Editorial Manager account
and all reused figures are cited appropriately.

3. Figure 1A: Please insert a space between “2” and “h/day” (i.e., 2 h/day).

Thank you for your comment. All mistakes in the manuscript and the figures were
corrected following reviwer’s comment.

4. Affiliations: Please ensure that numbering follows the order of authors. First author
gets 1, next author with different affiliation gets 2, etc., following from first to last.

The order of affiliations has been rearranged following the order of authors.

5. Please expand the Summary to briefly describe the applications of this protocol.

We really appreciate your comment. To expand the summary, brief introduction of the
CIS is added, and verifying techniques to evaluate depression also added.

6. JOVE cannot publish manuscripts containing commercial language. This includes
trademark symbols (™), registered symbols (®), and company names before an
instrument or reagent. Please remove all commercial language from your manuscript
and use generic terms instead. All commercial products should be sufficiently
referenced in the Table of Materials and Reagents. You may use the generic term
followed by “(see Table of Materials)” to draw the readers’ attention to specific
commercial names. Examples of commercial sounding language in your manuscript
are: Koatech, KOCOM, EthoVision XT, etc.

Thank you for your comment. All commercial language were removed and all
commercial products are referenced in the Table of materials in the manuscript
following reviwer’s comment.



7. Please revise the protocol text to avoid the use of any personal pronouns (e.g., "we",

you", "our" etc.).

Thank you for your comment. All mistakes were corrected in the protocol text following
reviwer’'s comment.

8. Please revise the protocol (lines 77-119) to contain only action items that direct the
reader to do something (e.g., “Do this,” “Ensure that,” etc.). The actions should be
described in the imperative tense in complete sentences wherever possible. Avoid
usage of phrases such as “could be,” “should be,” and “would be” throughout the
Protocol. Any text that cannot be written in the imperative tense may be added as a
“‘Note.” Please include all safety procedures and use of hoods, etc. However, notes
should be used sparingly and actions should be described in the imperative tense
wherever possible. Please move the discussion about the protocol to the Discussion.

Thank you for your comment. All mistakes were corrected in the protocol text following
reviwer’'s comment.

9. Please move the introductory paragraphs of the protocol to the Introduction, Results,
or Discussion (as appropriate) or break into steps.

Thank you for your comment. Introductory paragraphs of the protocol moved to the
Introduction and Discussion, appropriately.

10. The Protocol should be made up almost entirely of discrete steps without large
paragraphs of text between sections. Please simplify the Protocol so that individual
steps contain only 2-3 actions per step and a maximum of 4 sentences per step. Use
sub-steps as necessary. Please move the discussion about the protocol to the
Discussion.

Thank you for your comment. The protocol has been simplified and every steps
contain just 2-3 actions per step within 4 sentences.

11. 2.2.3: Please list an approximate distance used in the protocol.

Thank you for your comment. 2.2.3 moved to 5.3 and the approximate distance was
listed in page 9, line 187.

12. Please ensure that the highlighted part of the step includes at least one action that
is written in imperative tense. Notes cannot usually be filmed and should be excluded
from the highlighting.

Thank you for your comment. Highlighted part of the protocol was corrected to include
at least one action.



13. Please expand the Representative Results to describe how these results show the
technique, suggestions about how to analyze the outcome, etc. The paragraph text
should refer to all of the figures. However for figures showing the experimental set-up,
please reference them in the Protocol.

Thank you for your comment. Representative results were expanded and modified to
describe technique, suggestions to verify the induction of depression.

14. Discussion: Please discuss any limitations of the technique.

Thank you for your comment. The limitations of this technique is discussed from line
298 to line 301 in page 14.

15. Please ensure the Table of Materials has information on all relevant supplies,
reagents, equipment and software used, especially those mentioned in the Protocol.
Please sort the items in alphabetical order according to the name of
material/equipment.

Thank you for your comment. All mistakes in the table were corrected following
reviewer’'s comment.

16. References: If there are six or more authors, list the first author and then “et al.”.

Thank you for your comment. References were corrected following reviewer’s
comment.

Reviewers' comments:
Reviewer #1:

Manuscript Summary:

In this manuscript the authors describe a method for chronic immobilization stress to
induce despair in mice. This is an established model with multiple variations. There
are a number of areas where additional detail could be included. The authors should
imagine themselves having to do this method using on the details included in the
manuscript. If they take such an approach they will see that the current details are
insufficient for a methods paper. Beyond the lack of detail the other major issue with
this paper is the lack of novelty or necessity for a video. Restraint tubes for mice is
about as uncomplicated as one can get for a behavioral test and TST/SPT has been
described elsewhere extensively.

Major Concerns:

* Missing from the introduction are any details on the physiological impact of restraint
stress (acute or chronic). The authors should include a description of the impact on
physiology (HPA axis responses, HR, etc) as there is likely both a physiological and
psychological impact on the mice.



We appreciate the reviewer’s comments. The physiological impact of restraint stress
and the importance of brain region in depression research is newly described
throughout the page 4 and 5, line 58-72.

* Since the reported method occurs in male mice only, the authors should address in
the introduction the literature with CIS in males vs females and include in the
discussion a description of sex as a limitation in the stated method.

We appreciate the reviewer’'s comments. Evidence CIS models in both male and
female rodent is briefly describe in introduction at line 84 in page 4. And the
considerations when choose mice gender to perform CIS is described in Discussion
from line 271 to 276 in page 13.

* How do you put the mice in the restrainer tubes? What are the considerations of the
choice of this method?

Thank you for your comment. The way to put the mice in the restrainer is newly
described in the protocol step 3. And the advantages and considerations of the choice
of this method are described from line 80 to 84 in page 4.

* In materials there are no details for the sucrose preference test. Also this is probably
better described as a "two-choice preference test" or "choice preference test" since
you are not actually using sucrose. Why use saccharin over sucrose?

Thank you for your critical comment. Actually, we use sucrose, but confused the terms
saccharose (another synonym of sucrose) and saccharin, and described it as
saccharin in the text. The incorrect words of the text have been corrected.

* Given that representative results show SPT before TST it is odd that the described
method is TST and then SPT. Please justify order.

Thank you for your comment. We corrected the wrong order of the Figs.

* For SPT following chronic stress, how soon does the pref test start after the last
restraint. Are animals trained at all prior to starting?

Thank you for your comment. We habituated mice to sucrose from the day after the
last restraint. To avoid confusion, we modified the scheme in Figure 2.

Minor Concerns:

* Line 62-64. Sentence states that CIS is used in both acute and chronic stress studies.
It would seem by definition that CIS cannot be used for acute stress studies. Perhaps
the authors mean that "Restraint stress" can be used both acutely and chronically.

Thank you for your comment. The word ‘acute’ is wrong. The word was deleted in the
introduction.



* Please add additional detail on how the restraint tube was constructed. If purchased,
please include manufacturer etc.

Thank you for your comment. We added pictures of the apparatus in Figure 1.

* Line 86: When you say that the animal could not move please be more specific.
Could the animal move it's head side to side? Could it move forwards and backwards?

Thank you for your comment. The description were modified from line 113-115 in page
6.

* Describe the lighting used to get "200 lux" light. Is that lux measured at the restraint
area or is it a general 200 lux based on a lightbulb or something?

Thank you for your comment. We adjusted the light intensity to 200 lux with a digital
lux meter in the restraint area. So, we modified protocol at line 143 in page 7.

* Include in methods or procedure the importance (or lack of importance) on the time
of day selected.

Thank you for your comment. We tried to minimize the pain of the mice for animal
welfare. 2 hours a day for 15 days is the condition that can cause depressive behaviors
with the least time in the chronic restraint stress model used so far. We could not add
it to the method and procedure according to the editor’'s comment, but we added the
explanation in Introduction at line 85-88 in page 4-5.

* Line 203: What methods can be used to limit tail climbing in C57 mice?

In our experimental conditions, the behavior of climbing on the tail was not frequently
observed. We prevented them with acrylic bar while the mouse climbing their tail. And
easily purchase or make the climbstopper to prevent tail climbing.

Reviewer #2:

Manuscript Summary:

The article entitled "A chronic immobilization stress protocol for inducing depression
like behavior in mice" submitted by Son et al has nothing new to report. Moreover, the
way article is written seems not appropriate for a research article. Following are my
concerns, based upon which | do not recommend the article for publication

Major Concerns:

Introduction: should introduce why there is need of new animal models. Authors
introduce inadequate treatment of depression and need of newer antidepressant.



Thank you for your valuable comments. We use chronic immobilization stress model
to investigate the role of mPFC glutamate/glutamine cycle between glutamatergic
neuron and astrocyte. The first draft of this article had many deficiencies, so many
parts are supplemented based on reviewer's comments. However, we did not intend
to introduce newer antidepressants and treatments, but we wanted to introduce a
standardized and simplified experimental method for studying depression. And the
scope of JoVE is not a suggestion of the new method but is a suggestion includes
novel techniques, innovative applications of existing techniques, and gold standard
protocols in the physical and life sciences. Therefore, we presented the need for a
newly simplified animal model for the depression research from line 82 to line 85 in
page 4 and also added new Fig 1 and 3 to explain detailed procedure of CIS induction
and recovery effect of glutamine supplementation after CIS.

Methods No new method is introduced. They state for a chronic immobilization stress
protocol but in the method they use restraint stress. The method is not adequately
described. At places there are only headings and no description.

As explained above, the scope of JOVE is not a suggestion of the new method but is
a suggestion includes novel techniques, innovative applications of existing techniques,
and gold standard protocols in the physical and life sciences. Therefore, we focused
on to set an innovative applications of existing technigues and standardized, simplified
experimental protocol for studying depression. The missing parts of the technique
description were corrected and expanded throughout the manuscript and newly added
figures.

Results: There are a number of reports that predictable stress produces adaptation to
stress. There are no signs of adaptation in their model. To consider chronic
immobilization or restraint a model of depression they should include data after single
immobilization or restraint stress. Also to justify it as a model of depression they should
show effectiveness of antidepressants on the model.

Thank you for your comments. We modified the insufficient of description in the overall
manuscript. As a stress marker, changes of corticosterone levels was added in Fig 2.
Fig 3 showed recovery effect on glutamine supplementation.

Discussion: the discussion should include comparison of their model with the existing
model to show advantages over the current models.

Thank you for your comments. We suggest advantages of CIS and considerations in
the Introduction (from line 81 to 83 in page 4) and in the discussion (from line 296 to
298 in page 14 and from line 307 to 310 in page 15).

Minor Concerns:
General: In general the article provides no new or publishable data.

We modified the insufficient of description in the overall manuscript and added new
figs.
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