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Mood disorders, including major depressive disorder, can be precipitated by chronic
stress. The Y-maze barrier task is an effort-related choice test that measures
motivation to expend effort and obtain reward. In mice, chronic stress exposure
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significantly impacts motivation to work for a higher value reward when a lesser value
reward is freely available compared to unstressed mice. Here we describe the chronic
corticosterone administration paradigm, which produces a shift in effortful responding
in the Y-maze barrier task. In the Y-maze task, one arm contains 4 food pellets,
while the other arm contains only 2 pellets. After mice learn to select the high reward
arm, barriers with progressively increasing height are then introduced into the high
reward arm over multiple test sessions. Unfortunately, most chronic stress paradigms
(including corticosterone and social defeat) were developed in male mice and are less
effective in female mice. Therefore, we also discuss chronic non-discriminatory social
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defeat stress (CNSDS), a stress paradigm we developed that is effective in both male
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and female mice. Repeating results with multiple distinct chronic stressors in male and
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female mice combined with increased usage of translationally relevant behavior tasks
will help to advance the understanding of how chronic stress can precipitate mood
disorders.

Introduction
Mood disorders such as depression and anxiety are

chronic social defeat stress (SDS) and chronic corticosterone

highly prevalent in today’s society. Decades of work has

administration (CORT) were developed in male mice and are

continuously searched for improved treatments and relevant

now widely used to assess the neurobiological and behavioral

rodent models to study these complex disorders1 . Chronic

effects of chronic stress exposure. The most widely used

stress is a contributing factor for mood disorders like

behavioral tests for assessing chronic stress effects include

depression2 . Therefore, chronic stress paradigms such as

tasks associated with avoidance behavior, such as elevated
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plus maze, open field, and novelty suppressed feeding,

and novelty suppressed feeding10 , 11 , 12 , 13 , 14 , 15 , 16 .

or with antidepressant efficacy, such as forced swim test.

Interestingly, CORT also affects reward processing in

However, these behaviors in rodents arguably lack face

instrumental

and, more importantly, predictive validity and translational

described here produces a consistent serum concentration

relevance for human disorders such as depression.

of below 100 ng/mL CORT, which is more than five times

A popular chronic stress paradigm, chronic unpredictable
mild stress (CUMS), has been validated extensively using
behaviors such as sucrose preference3 . CUMS reduces
preference for a 1% sucrose solution compared to water and
is historically interpreted as anhedonia-related behavior4 , 5 .
However, this reduction in sucrose preference is not observed
in humans with major depressive disorder6 , 7 . In addition,
sucrose preference does not allow for the study of effortful
reward motivation.

tasks16 , 17 , 18 , 19 .

The

CORT

paradigm

less than that produced by an acute stressor such as forced
swim15 . Therefore, chronic CORT administration is unlikely
to cause hypercortisolemia. While chronic CORT is only
effective in male mice20 , we recently demonstrated that
it produces a robust shift in effortful responding in the Ymaze barrier task21 . To our knowledge, this was one of the
first studies to examine the effects of chronic stress on an
effort-related choice behavior in male mice21 . One previous
study first demonstrated the impact of acute restraint stress
on effort-based decision making in rats22 . In effort-related

Recently, some research has shifted focus to other behaviors

choice behaviors, an animal chooses to either exert effort

associated with motivation and reward8 , 9 . These tasks

for a high-value reward or accept a lower-value reward that

have promising translational value because relatively similar

is more freely available. In humans, the effort-expenditure

behavior assessments can be conducted in both humans and

for rewards task (EEfRT), is a computer game developed

rodents. Here, we describe the CORT and SDS paradigms

to be analogous to effort-related choice tasks in mice23 .

and their effects in a Y-maze barrier behavioral task that

Depression results in maladaptive responses in EEfRT

measures motivation to exert effort for reward. We then

(decreased likelihood of choosing hard tasks for high-value

discuss a new chronic stress paradigm that we developed,

rewards). Therefore, effort-related choice tasks in rodents

chronic non-discriminatory social defeat stress (CNSDS),

are particularly interesting because of their translational

which is effective in both male and female mice.

relevance.

Chronic corticosterone administration (CORT) is a paradigm

Chronic social defeat stress (SDS) is one of the more widely

designed to mimic chronic stress without actual stress

used preclinical stress models in male mice. It is a 10-

exposures. Activation of the hypothalamus-pituitary-adrenal

day protocol where large, aggressive retired breeder CD-1

axis by stress results in the endogenous release of

males attack experimental mice, typically C57BL/6J, in 5

the adrenal steroid cortisol in humans10 , 11 , 12

and

min daily sessions24 . This produces a robust maladaptive

corticosterone in mice13 , 14 . Delivery of corticosterone

behavioral phenotype in a subset of experimental mice. A

through the drinking water of adult male mice for at least

social interaction test is used to stratify mice into resilient

4 weeks results in maladaptive behavioral responses in

or susceptible populations to the defeat stress, and several

avoidance tasks such as open field, elevated plus maze,

studies have used this unique characteristic of SDS to probe
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the molecular and neural circuit mechanisms underlying

mice exposed to CNSDS show increased avoidance of

stress reliance and susceptibility. Here we describe the

open arms in elevated-plus maze and of the center in

details of the CORT paradigm and its implementation for the

open field and display increased latency to eat in novelty-

Y-maze barrier behavioral task. We also discuss SDS effects

suppressed feeding. CNSDS also is more efficient than

in the Y-maze barrier task. The Y-maze barrier task is based

other modifications to SDS, as both sexes are combined

on the T-maze barrier task, which is used primarily in rats to

in defeat sessions. This results in an increased yield of

measure motivation to expend effort for high or low rewards

experimental mice without an associated increase in time

present in the two arms of the maze8 , 9 , 25 . This task has

and effort required to complete the protocol. Therefore, we

also been implemented to study effortful responding in mice

conclude this manuscript with an in-depth presentation of this

administered caffeine or dopamine antagonists in mice26 .

recently developed chronic stress paradigm.

Rodents can either expend greater effort by climbing barriers
of progressively increasing height in one arm of the maze for

Protocol

a higher reward value, typically 4 reward pellets, or expend

These experiments were conducted in compliance with

significantly less effort in the other arm of the maze to receive

NIH laboratory animal care guidelines and approved by

only 2 reward pellets9 . 10-day social defeat paradigms

the Rutgers University Institutional Animal Care and Use

produce a robust maladaptive phenotype in susceptible mice

Committee.

that lasts approximately 30 days, so we modified the Y-maze
barrier task to more rapidly train and test animals in order
to complete all experiments within this 30-day

1. Chronic corticosterone (CORT)

timeframe24 .

Therefore, here we also detail a Y-maze barrier behavioral

1. Randomly assign mice to treatment groups. Randomly
divide adult male C57BL/6J mice into Vehicle and

task protocol containing condensed training sessions and

Corticosterone (CORT) groups.

single barrier test sessions to measure motivation to expend

1. House vehicle mice in distinct cages, and CORT mice

effort for reward in chronic stress-exposed mice.

in others, as their treatment is delivered via the cage’s

Unfortunately, both chronic corticosterone and chronic social

water bottle.

defeat stress were developed in male mice and are less

2. Label special water cards to place in the cage that

effective in female mice. This is highly problematic as women

notifies animal care staff that the water bottles contain

are more likely than men to be diagnosed with mood disorders

solutions necessary for the experiment.

such as depression1 . Clever adaptations to SDS have
allowed usage in female mice but require difficult surgeries

2. Make a vehicle solution by dissolving 3.375 g of beta-

or tedious urine collection26 , 27 . We recently described a

cyclodextrin into 750 mL of tap water in a size 1 L screw-

simple modification to the SDS paradigm, called chronic non-

top glass container.

discriminatory social defeat stress (CNSDS). CNSDS allows

1. Fill vehicle cage water bottles with this solution.

susceptible and resilient stratification of both experimental

Ensure that the bottle does not leak to measure liquid

male and female

mice28 .

Both female and male susceptible
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2. Label the container and store at room temperature on

3. Monitor the amount of liquid consumed twice a week

the shelf in the laboratory. Use the vehicle solution to

and record. Weigh all vehicle and CORT mice weekly

fill cage bottles for about 1 week.

to compare the liquid consumed to the weight of mice
within each cage.

3. Refill vehicle bottles throughout the week. Refill cage
bottles 1x-2x during the week as necessary. Change

4. To determine volume of liquid consumed (mL/g/day),

to a fresh bottle 1x per week either at the beginning

use the following equation:

or end of the week.

(Volume cage drank in the past 3-4 days) / (Average

NOTE: After one week, the beta-cyclodextrin will start

body weight of mice in the cage) X number of days

to coat the inside of the water bottle and makes the

since Vehicle or CORT bottle has been re-filled)

solution cloudy.

NOTE: An average cage of n=5 adult male C57BL/6J

4. Monitor amount of liquid consumed twice a week

mice will consume on average 0.25 – 0.30 mg/

and record. Weigh each respective bottle and record,

g/day, which typically remains consistent through

careful not to spill any liquid. Refill and return each

ad libitum and food-deprived time periods. These

bottle.

concentrations result in approximate doses of 24

NOTE: A cage of 5 mice will drink 80-120 mL of liquid

mg/kg/day beta-cyclodextrin, and 9.5 mg/kg/day

in 3-4 days.

CORT15 , 16 .

3. Make the CORT solution by first dissolving 3.375 g of

4. Social Defeat Stress (SDS)

beta-cyclodextrin into 750 mL of tap water in a size

1. Use standard social defeat stress protocols as

1 L screw-top glass container. Then add 26.25 mg of
corticosterone.

described in depth elsewhere24 , 29 .
5. Y-Maze barrier task

1. Sonicate CORT solution to dissolve CORT into the
water. Place the container in an ultrasonic cleaner

1. Food deprivation for the Y-maze barrier task

water bath. Sonicate at 40 kHz for approximately

1. The day after completing the social interaction

30 min or until corticosterone is dissolved and liquid

test, weigh all Control and Experimental mice.

appears clear.

This will be their free-feeding body weight.

NOTE: Ultrasonic homogenizers (tip-style) are also

NOTE:

effective for dissolving CORT.

“Experimental” to refer to both SDS Control and

2. Fill water bottles for all CORT cages with solution.
Label container and store at room temperature on
shelf in lab. CORT solution can be used to fill cage

Herein,

we

use

“Control”

and

SDS Experimental mice, as well as to Vehicle and
CORT-administered mice in the respective SDS
and CORT paradigms.
2. To food deprive the mice, only remove lab chow

bottles for about 1 week.
NOTE: Use brown glass water bottles or plastic

from the C57BL/6J side of each cage.

opaque bottles, as CORT is light-sensitive.
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3. Weigh all mice, as well as the amount of lab

7. Y-maze habituation

chow that will be given daily, in order to properly

1. Habituate all Control and Experimental mice to the Y-

maintain body weight at approximately 90% of

maze apparatus.

free-feeding weight throughout testing.

1. The day after food deprivation, place a large

NOTE: The amount of food delivered in the home

number of 20 mg grain-based food pellets (e.g.,

cage of each mouse or mice will depend on

Bio-Serv) in the cap of a 50 mL centrifuge tube

fluctuating body weight and the amount of reward

and place at the ends of each arm of the Y-maze.

pellets consumed in each day of training or testing

These caps serve as small food receptacles for

in the Y-maze.

the mice, and the mice will readily learn to eat the

4. Establish familiarity with the reward pellets. Dump

food pellets.

a small scoopful of 20 mg of grain-based food

2. Place each mouse in the start box of the Y-maze

pellets (Bio-Serv) into the home cage. This will

with the start box divider in place.

establish familiarly with the pellets and motivate

3. After a few seconds, remove the divider, allowing

the mice to consume them in the Y-maze in

each mouse to explore the Y-maze for 15

habituating and initial training sessions.

min. This amount of time allows the mouse to

6. Y-maze apparatus

adequately explore all arms of the maze and to

1. Construct a Y-maze structure of opaque white 3/16”

establish familiarity with the apparatus.

width Plexiglas, with three arms measuring 26 cm in

NOTE: Some mice may not consume any food

length, 20 cm in height, and 7 cm in width.

pellets in this first habituation day.

2. Use dividers that slide between slots in the Y-maze to

2. On the following day, complete a second 15 min Y-

allow for a researcher to close off the start box where

maze habituation using an identical procedure.

the mice are initially placed, or to contain the mouse

1. Note any mice that have not eaten any pellets.

into either arm once they have selected and entered

For these mice, dump another small scoopful of

the left or right arms of the Y-maze.

pellets into their home cages.

3. Create multiple 10, 15, and 20 cm tall Y-maze barriers
out of wire mesh for the vertical side, and with

8. Y-maze forced-choice training

Plexiglas at approximately a 45° angle on the back

1. Designate the high reward (HR) and low reward (LR)

angled side. This allows C57BL/6J mice to grip and

arm for each mouse.

climb up the vertical wire mesh side of each barrier,

1. Randomly assign mice in both Control and

and then traverse down the angled Plexiglas side of

Experimental groups the left arm as the high

the barrier.

reward (HR) arm and the right arm as the low

1. Add thin steps on the angled side to allow for

reward (LR) arm, or vice versa. Thus, 4 pellets
will be available in each trial in the left, HR arm,

greater traction.
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and 2 pellets available in the right, LR arm, or the
opposite.

1. Begin each free choice session with a HR and
LR arm forced-choice trial. Thus, mice will have

2. Counterbalance these designated LR and HR
arms in both Control and Experimental group so

experienced being forced into each arm prior to
beginning 10 free choice trials.

that approximately half of each group had the left

2. Place each mouse in the start box and remove the

arm as the HR arm, and half had the right arm as

divider. Once the mouse has selected an arm and

the HR arm.

traversed it to the end where the cup containing

2. Forced choice trials

the pellets is located, place the arm divider in

1. Following the 2 days of Y-maze habituation, have
mice begin 3 days of 10 trials of forced-choice
training.

place on that side, locking in the mouse until it has
consumed the pellets.
3. Remove the mouse back to its home cage and

2. For each forced-choice trial, place the mouse
in the start box, and then remove the divider,
allowing the mouse 60 s to enter either the left

run the subsequent 3-5 mice used in that cycle to
allow a 5 min inter-trial interval.
2. Record the following data: latency to choose an arm,

or right arm and consume the available pellets.

arm selection, and latency to reach pellet cup.

For each forced-choice trial block off the opposite

1. Record which arm the mouse enters and fully

arm with the divider, forcing the mouse to select

traverses to the pellet cup. Also record the latency

the other arm. For a HR forced choice trial, block

to select that arm and reach the pellet cup.

access to the LR arm, or vice versa.

2. Consider any trial where a mouse fails to select

3. Remove the mouse after the trial and replenish
the respective pellets that were eaten.

an arm or does not consume all 4 or 2 pellets as
an omitted trial.

4. Alternate forced choice trials for each mouse
across each training day, so that mice complete 5
HR and 5 LR forced-choice trials.
NOTE: Forced-choice trials train the mice to
associate one arm with the higher reward and the

3. 70% free choice criterion
1. Record which arm is selected for all 10 free choice
trials daily.
2. Once a mouse has selected the HR arm on 7 out
of the 10 trials in a free choice training day (70%

other with the lower reward.
5. Place the mouse back into its home cage and then
run no more than 3-5 subsequent mice in order to
maintain a 5 min intertrial interval for each mouse.
9. Y-maze free choice training

criterion), move the mouse on to barrier testing
sessions.
NOTE: Continue free choice training until all mice
reach the 70% HR arm criterion to ensure both
adequate discrimination of the HR and LR arms

1. Free choice trials

Copyright © 2020 JoVE Journal of Visualized Experiments
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and that mice demonstrate equal preference for

NOTE: Spray 70% ethanol in the Y-maze and

the HR arm.

wipe dry consistently and in between each mouse.

10. Y-maze barrier testing

2. 15 cm barrier test session

1. 10 cm barrier test session

1. On the following day complete all steps listed as

1. Place the 10 cm barrier halfway down the HR arm

above (step 1.10.1), but with the 15 cm tall barrier
in the HR arm.

in the Y-maze.
2. Begin with multiple forced-choice trials for both
arms. Mice resistant to climbing the barrier can be

3. 20 cm barrier test session
1. On the following day complete all steps listed as

prompted with a long, thin Plexiglas piece.

above (step 1.10.1), but with the 20 cm tall barrier

NOTE: From experience, we recommend at least

in the HR arm.

2 forced-choice trials for both HR and LR arms

NOTE: From experience, by the 20 cm barrier

at the start of each session at a new barrier

height the majority of SDS susceptible or CORT

height. We recommend recording trials where it

Experimental mice (and even several Control

is necessary to prompt the mouse to climb over

mice) will shift their responses to the LR arm, as

the barrier if it becomes necessary. Mice generally

they are not motivated enough to climb over the

learn to climb over the 10 cm barrier, which is not

tall 20 cm barrier. Also, Plexiglas adaptors may

so high they can’t stand and see over it, within

need to be used in order to prevent mice from

1-2 trials. The barrier will have to be placed on the

climbing from the top of this barrier onto the edges

other side for mice with the opposing arm as the

of the Y-maze walls. We do not recommend

designated HR arm.

building a taller Y-maze, as it becomes more

3. Place each mouse in the start box, remove the

difficult for the experimenter to refill the pellets in

divider, and allow the mouse to traverse the

each cup and to remove the mice after each trial.

maze and select an arm for 10 free choice trials
containing the 10 cm barrier in the HR arm.

4. Reward discrimination test session
1. To ensure both Control and Experimental mice

4. If the mouse chooses the HR side, it will climb over

display adequate and similar levers of reward

the barrier in order to obtain the greater reward,

discrimination, conduct a Discrimination test

the 4 pellets. Otherwise, it will select the LR arm

session.

and simply traverse the floor of the maze for the
lesser reward, 2 pellets.

2. Follow all above steps (step 1.10.1) but place a 10
cm barrier in the LR arm. Now, both arms contain

5. Record the arm selected, and the latency to

10 cm barriers, and the mice will need to climb

select an arm and reach the pellet cup for all

over either to obtain the 4 or 2 pellet reward.

trials. Similarly rotate 4-6 total mice per cycle, to

3. Record latency and arm selection for all 10 trials.

maintain a 5 min inter-trial interval.

Copyright © 2020 JoVE Journal of Visualized Experiments
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NOTE: As mice will have to expend the same

Any mouse with a wound greater than 1 cm should

effort to obtain either reward, mice should select

be removed from the experiment.

the HR arm in most trials. To examine latencies to

2. Assign mice to control and experimental groups.

select the HR and LR arm, compute a mean HR

1. Gather all naïve adult male and female C57BL/6J

arm latency and a mean LR arm latency for each

mice, as well as screened retired male CD-1

individual mouse. Then, compare latency to select

breeders, as well as CD-1 males to be used in co-

both arms using a two-way mixed ANOVA, with

housing.

SDS (Control, SDS-Susceptible, SDS-Resilient)

1. Randomly

as the between-subjects factor, and arm (HR arm,

assign

adult

male

and

female

C57BL/6J mice to control or experimental

LR arm) as the within-subjects factor.

conditions. Each male and female will be paired

2. Chronic Non-Discriminatory Social Defeat
Stress (CNSDS)

for all social defeat sessions in the CNSDS

1. Screen for aggressive behavior in CD-1 mice

CNSDS Control group will rotate each day.

Experimental group. Males and females in the

1. Place one male and one female C57BL/6J mouse into

2. Assign CD-1 males to be used in social defeat

the home cage of each CD-1 for 180 s or until the

sessions or be co-housed with the experimental

CD-1 attacks both mice. These C57BL6/J mice do not

males and females after each session, which will

need to be naïve, and will not be used in any further

alternate daily for each pair of C57BL/6J male and

experiments. During this aggressor screening phase,

female mice.

do not cohouse C57BL/6J mice with CD-1 mice.

3. Chronic non-discriminatory social defeat stress (CNSDS)

1. Record latency to attack both C57BL/6J mice for
each CD-1.

1. Bring all mice to dedicated social defeat room,
including all CD-1 males, CNSDS Control male and

2. Select all CD-1 aggressors that attack both male

female C57BL/6J mice, and CNSDS Experimental

and female C57BL/6J mice within 60 seconds on

male and female C57BL/6J mice.

consecutive sessions out of a total of 3 screening

1. Align 4-6 cages of CD-1 males with C57BL/6J

sessions. Others can be used for co-housing in

males and females with CD-1 cages in the front

home cages.

and C57BL/6J cages behind.

NOTE: An important caveat of social defeat is
the presence of wounding as a consequence
of physical aggression. Each mouse in the
screening and experimental phases should be
checked for wounds and treated with chlorohexane disinfectant if small skin lesions present.
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female pair are rotated one cage to the left for

mice approximately 30 minutes following defeat

each session. This allows for a new interaction

every day as described previously28 .

with novel CD-1s in every session.

3. CNSDS Control Group Procedure

2. CNSDS Experimental Group Procedure

1. Place one Control female in home cage of one

1. Place one adult male and one adult female
C57BL/6J mouse into the home cage of each
CD-1 aggressor male for a 5 min social defeat
session.
2. Record attack latency and frequency of attack
for both male and female experimental C57BL/6J
mice.

Control male C57BL/6J mouse.
2. After 5 min, separate mice and place a clear,
perforated Plexiglas divider between the mice.
3. Return mice to colony room and place on a
separate shelf as CNSDS Experimental cages.
In the colony room we have designated shelves
where stressed mice are housed separately from

3. After 5 minutes, remove male C57BL/6J mouse

other mice in the colony room. Additionally, effects

and place in cage of co-housed CD-1 male,

may be seen in the non-stressed mice if they

separated by a clear, perforated Plexiglas

witnessed the aggression taking place, as is seen

barrier. Separate attacking CD-1 and female

in vicarious social defeat paradigms30

C57BL/6J mouse with a similar clear, perforated
Plexiglas barrier. Alternate whether male or
female C57BL/6J mouse is housed with the

4. Note any attack or mounting behavior during each
Control interaction.
4. Control male and female mice will be introduced to

aggressor CD-1 each day.
NOTE: Following each daily 5 min interaction

a new conspecific on subsequent days as is done

each mouse will be assessed for injuries and

in traditional Social Defeat Stress Control groups.

wounds treated if less than 1cm. Any wound

Complete 10 consecutive days of CNSDS Control and

that is larger than 1 cm will result in the

Experimental Sessions.

removal and immediate euthanasia of the mouse.

1. After completing the 10th and final Control

Thus, both male and female experimental mice

or Experimental CNSDS session, co-house all

are co-housed with the CD-1 aggressor for 5

mice and maintain this co-housing throughout

days and with the novel CD-1 not used in the

all behavioral testing. Each cage will consist of

attack session for the remaining 5 days. Clear,

2 mice that are separated on either side of

perforated Plexiglas barriers prevent physical

plexiglass divider to permit sensory exposure.

interaction but allow for sensory contact with CD-1

Control mice are housed with other opposite sex

aggressor in the 24 hours between sessions.

control mice, while experimental mice are co-

Vaginal lavage can be performed on all female

housed with opposite sex experimental mice.

Copyright © 2020 JoVE Journal of Visualized Experiments
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2. Each Control C57BL/6J female is co-housed with

min trials. Thus, an interaction zone 7 cm wide

the Control C57BL/6J male it interacted with in

surrounds the container housing the novel CD-1

the 10th session, with a clear, plexiglass divider

mouse.
2. Running a mouse in the Social Interaction Test

placed into the cage to separate the two mice.
3. Approximately 24 hours following the final defeat

1. Place each mouse in a far corner of the open field

session run a standard social interaction test to

for a 2.5 min trial with no CD-1 present and start

determine if CNSDS reduces social behavior with

the recording software program.

a novel CD-1 mouse compared to control, and

NOTE: Keep in mind that the interaction container

to stratify mice “resilient” or “susceptible” to the

should be placed in the center of one wall of the

stress24 , 29 .

open field and contain no CD-1 mouse for this first

5. Test CNSDS Control and Experimental male and
female mice in other behaviors, including the Ymaze barrier task, and stratify the CNSDS group into

2. After 2.5 min, remove the mouse back to its home
cage. Clean the open field with 70% ethanol.
3. Place the novel CD-1 male into a second

CNSDS-Resilient and CNSDS-Susceptible groups.

perforated Plexiglas cube along the middle of one

4. Social interaction test

wall of the open field.

1. Initial setup for Social Interaction Test
1. 24-hours after the final CNSDS defeat session,
conduct a social interaction test.

4. Again, place the mouse in the corner of the open
field for a second 2.5 min trial, now with the
CD-1 present, and start the recording software

2. Take all pair-housed Control and Experimental
mice, as well as a novel CD-1 male not used in the
CNSDS paradigm, to a separate behavioral room
to run a Social Interaction Test.

program.
5. Remove the mouse and place it back in its home
cage. Remove the CD-1 and place it back in
its home cage. Clean the open field with 70%

3. Set up a standard open field chamber (75 cm x
75 cm) underneath a recording camera connected
to behavioral tracking software (e.g., EthoVision)
running on a dedicated computer.
4. Set up a new experiment with a 24 cm x 24 cm
social interaction zone surrounding an interaction
container (small, perforated Plexiglas container
measuring approximately 10 cm x 10 cm x 10 cm)
that will house the novel CD-1 along one wall of
the open field, in the second of 2 consecutive 2.5

Copyright © 2020 JoVE Journal of Visualized Experiments

trial.

jove.com

ethanol.
3. Run remaining CNSDS Control and Experimental
mice and calculate Interaction Ratio.
1. Repeat this procedure with all other mice in order
to quantify time spent in the interaction zone in
both trial 1 and trial 2 for each CNSDS Control and
Experimental mouse.
2. To calculate an interaction ratio, compare time
spent in the social interaction zone in trial 2 (CD-1

August 2020 • 162 • e61548 • Page 10 of 22

present) versus in trial 1 (CD-1 absent), using the

Vehicle mice and SDS Control mice as determined by t-tests

following equation:

(Table 1). These mice also consumed less mean home cage

Interaction ratio = (time in interaction zone in trial

lab chow throughout testing (Table 1).

2)/(time in interaction zone in trial 1)

In the CORT cohort, a mixed ANOVA with CORT as between-

4. Stratify mice as “CNSDS-Resilient” or “CNSDS-

subjects factor and week as within-subjects factor indicate

Susceptible”. Resilient mice have an interaction

Vehicle and CORT-administered mice consumed a similar

ratio of > 1.0, whereas susceptible mice have an

volume of liquid across 4 weeks of treatment plus 3 weeks

interaction ratio of <=1.0.

of behavior testing (7 weeks total) (Figure 1B). In the SDS

1. In subsequent behavioral measures such as

cohort, Control and Experimental males completed 10 days

the Y-maze barrier task or other behavior

of the SDS protocol, and were assessed for susceptibility to

tests, sub-divide CNSDS Experimental mice into

the SDS protocol using a social interaction test where time

these CNSDS-resilient and CNSDS-susceptible

spent interacting with a novel CD-1 male was compared to

phenotypes.

time in the interaction zone without the CD-1 present24 . A

2. Thus, for females, one-way ANOVAs can

one-way ANOVA indicated that SDS produces a maladaptive

Control,

phenotype in susceptible mice (60%), as compared to either

CNSDS Experimental-Resilient, and CNSDS

resilient mice (40%) or Control mice not exposed to SDS

Experimental-Susceptible groups, with post-hoc

(Figure 1D). Specifically, SDS-Susceptible mice display a

comparisons to determine differences between

reduction in time spent in the interaction zone containing a

groups where appropriate.

novel CD-1 mouse, when compared to SDS-Resilient and

be

conducted

between

CNSDS

3. For sex difference comparisons, conduct two-

Control mice.

way ANOVAs with CNSDS (Control, Resilient,

Then, we trained both the CORT (Experimental and Control

Susceptible) and Sex (Male, Female) as between-

mice) and SDS (Susceptible and Control) cohorts in the Y-

subjects factors. Use post-hoc comparisons

maze barrier task (Figure 2A). We measured the number

where appropriate.

of trials that Control and Experimental mice would expend
effort to climb a barrier for a 4-pellet reward, versus choosing

Representative Results

the other arm of the Y-maze which contained only 2 pellets

Chronic CORT was administered for 4 weeks followed by Y-

but featured no barrier to climb. For SDS, a two-way

maze barrier training and testing (Figure 1A). In a separate

mixed ANOVA, with SDS (Control, SDS-Susceptible, SDS-

cohort, the 10-day SDS paradigm was similarly followed by

Resilient) as the between-subjects factor, and arm (HR arm,

training and testing in the Y-maze barrier task (Figure 1C),

LR arm) as the within-subjects factor was used to examine

to determine the effect of these chronic stress paradigms on

effortful responding in the Y-maze. For chronic CORT, a

effort-related choice behavior in male mice. Chronic CORT

two-way mixed ANOVA, with CORT administration (Vehicle,

and SDS both reduced mean body weight compared to

CORT) as the between-subjects factor, and arm (HR, arm,

Copyright © 2020 JoVE Journal of Visualized Experiments
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LR arm) as the within-subjects factor. Both chronic CORT

this difference, assessed using separate independent

and SDS produced a shift in effortful responding when the

samples t-tests (Figure 4).

barrier height increased to 15 cm and to 20 cm (Figure 2B and
Figure 2C). Neither shifted responding when only a 10 cm
barrier was in the HR arm. Further, in a reward discrimination
session after testing, all mice responded similarly for the
HR arm when a 10 cm barrier was placed in both HR and
LR arms. Lastly, two-way ANOVAs with CORT or SDS as
between-subjects factor and HR or LR arm as within-subjects
factor reveal that HR and LR arm latency with the 15 cm
barrier was not impacted by CORT administration, and was
similar for both groups with both LR and HR arms (Figure
3). Thus, chronic CORT and SDS robustly shift effortful
responding in the Y-maze barrier task in male mice.

The CNSDS procedure produces a robust maladaptive
phenotype in both male and female C57BL/6J susceptible
mice (Figure 5A). A social interaction task is used to
stratify mice into resilient (38.3%) and susceptible (61.7%)
populations (Figure 5B), which can be further sub-divided
by sex (males: 43.3% resilient, 56.7% susceptible; females:
36.7% resilient, 63.3% susceptible), using one-way ANOVAs
between CNSDS Control, CNSDS Experimental-Resilient,
and CNSDS Experimental-Susceptible groups. While this
modified paradigm produces similar maladaptive effects as
SDS in avoidance behaviors28 , it has yet to be implemented
in combination with translationally-relevant reward- and

Importantly, if chronic CORT or SDS impairs learning of

motivation-related behavioral tests such as the Y-maze

the Y-maze barrier task (Figure 4), these mice may fail to

barrier task. It is essential for future studies to assess

reach criterion in free choice training sessions, impacting

the effects of stressors such as CNSDS on translationally

subsequent interpretation of barrier results. Therefore, we

relevant behaviors such as the Y-maze barrier task in both

show potentially negative representative results displaying

males and females.

Chronic CORT

Group

Body Weight (g)

Daily Food
Given (g)

Mean

SEM

Mean

SEM

Vehicle

26.3

0.75

2.8

0.086

CORT

22.4

0.58

2.4

0.065

Control

27.5

0.67

2.9

0.088

Social Defeat
Stress

Copyright © 2020 JoVE Journal of Visualized Experiments
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SDS

23.8

0.66

2.5

0.074

Table 1: Body weight and amount of food provided daily. Vehicle and CORT-administered mice, as well as Control and
SDS mice were weighed weekly and amount of food given was recorded. Average body weight (g) across Y-maze testing,
and mean daily food (g) given are indicated.

Figure 1: SDS induces a depressive phenotype characterized by less social interacting.
(A) Schematic depicting the timeline for the CORT and Y-maze barrier protocols. (B) Representative data showing volume
consumed (mL/g/day) in Vehicle and CORT-administered mice. (C) Schematic depicting the timeline for the SDS and Ymaze barrier protocols. (D) In a representative social interaction test, SDS Susceptible mice display reduced time spent
interacting with a novel mouse compared to either SDS Resilient or Control mice. Bars are mean ± SEM. *p < 0.05. Please
click here to view a larger version of this figure.
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Figure 2: CORT and SDS shift effortful responding in a Y-maze barrier task.
(A) Timeline of Y-maze barrier task for CORT and SDS. (B) Chronic CORT reduces HR arm selection at 15cm and 20cm
barrier heights. This figure has been modified from Dieterich et al. 202021 .(C) Representative results demonstrating that
SDS-Susceptible mice reduce selection of HR arm at 15 cm and 20 cm barrier heights, compared to Control or SDSResilient mice. Bars are mean ± SEM. *p < 0.05. Please click here to view a larger version of this figure.

Copyright © 2020 JoVE Journal of Visualized Experiments
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Figure 3: Y-maze latency is not impacted by chronic CORT.
Chronic CORT does not impact latency to select either LR or HR arms in the Y-maze. Also, both Vehicle and CORT mice
select LR or HR arm with similar latencies. This figure is reprinted from Dieterich et al. 202021 . Please click here to view a
larger version of this figure.
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Figure 4: Chronic CORT and SDS impairs free choice HR arm selection.
Representative results showing that mice exposed either chronic CORT or SDS reduce number of high reward arm
selections compared to control mice in free choice training, complicating interpretation of results and/or delaying or
preventing transition to barrier testing. Bars are mean ± SEM. *p < 0.05. Please click here to view a larger version of this
figure.
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Figure 5: Stratification of CNSDS-exposed male and female mice into susceptible and resilient populations.
(A) Schematic of CNSDS Experimental and Control paradigm. This figure is reprinted from Yohn et al. 201928 . (B) CNSDS
produces a robust stratification of CNSDS-Resilient (RES) and CNSDS-Susceptible (SUS) mice. This figure is reprinted from
Yohn et al. 201928 . Bars are mean ± SEM. *p < 0.05, **p < 0.01, ***p < 0.001, ****p < 0.0001. Please click here to view a
larger version of this figure.

Discussion

changing to a fresh cage. However, tracking Vehicle and

While the chronic CORT paradigm provides a constant CORT
dose in the drinking water, from experience there can be
some variability in amount consumed by mice. Further,
consumption can only be assessed for the total cage, and
an average taken based on the number of mice in the
cage. Additionally, spillage can occur when weighing the
bottles, transferring the mice for behavior testing, or when
Copyright © 2020 JoVE Journal of Visualized Experiments

CORT consumption is still feasible and accurate across
weeks of treatment and behavior testing. We strongly advise
changing to a fresh bottle containing either Vehicle or CORT
one time per week, as well as maintaining set times to
weigh and exchange bottles. For example, changing to fresh
bottles when weighing and refilling the bottles can be done
on Mondays, and then weighing and refilling all bottles
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done again on Thursday or Friday. Similarly, it is best to

versus T-maze), and believe that researchers could use either

weigh all mice at the same time on a designated day each

in effort-related choice behavioral experiments. Also, we have

week. Lastly, it is important to point out that this CORT

previously reported a slight increase in HR arm selection at

paradigm blunts endogenous production of corticosterone by

15 cm compared to 10 cm in Vehicle-administered mice21 .

the HPA axis. Thus, mice must remain on CORT throughout

However, researchers should expect similar or reduced HR

behavioral testing until they are sacrificed. If mice are taken

arm selection as barrier height increases past 15 cm, as by

off of CORT, then they may suffer an Addisonian crisis

the 20 cm barrier mice rarely select the HR arm21 .

of acute adrenal insufficiency. Alternative procedures have
used a 2-3 week CORT exposure, followed by progressive
weaning off the CORT and then a behavior testing window of
approximately 3-4 weeks as endogenous CORT levels return
to normal17 , 19 .

In addition, it is important to use a 70% ethanol spray to clean
the maze and remove residual odors after every session. We
also recommend running the mice in a consistent fashion so
there is a relatively constant inter-trial interval for all mice.
We suggest cycling approximately 4-6 mice at a time, which

In the Y-maze barrier task, it is critical to begin maze

should give an interval of about 5 minutes. Finally, in the

habituation and training immediately following the SDS

last free choice session, and in all barrier test sessions, it is

protocol (Figure 2A). A potential caveat of this experimental

important to record latency to select either arm in all trials.

timeline is that mice are trained following the manipulation

Also, mice do occasionally manage to jump to the top of

rather than beforehand, where they could be equally divided

the Plexiglas walls, or more frequently from the top of the

based on training performance. However, in our experience

barriers. We recommend taller Plexiglas wall adaptors along

training before versus after CORT administration does not

the sides of the maze if this occurs. These can be simply

significantly impact instrumental behavior16 . All mice are

rectangular pieces of Plexiglas (width of 20 cm, length of 80

trained thoroughly and reach criterion (>70% HR arm

cm). We mark any trial where a mouse fails to select an arm

selection in free choice sessions) prior to advancing to barrier

within 60 seconds or selects an arm but does not eat the food

testing. Mice should first be properly habituated to the maze,

pellets as an omitted trial. Lastly, both chronic CORT and SDS

so it becomes a familiar apparatus, as we have found this

can decrease body weight which impacts the amount of food

helps in the subsequent training phase. When training each

consumed across weeks of testing21 . Researchers should

mouse, it is critical to maintain the designed high and low

regularly weigh mice and adjust the amount of food given in

reward arms for each individual mouse, so a mouse does

the home cage to maintain mice at approximately 90% of their

not traverse an arm expecting 4 pellets and finding 2, or vice

free-feeding body weight.

versa. We recommend keeping both paper and digital copies
of large raw data files indicating the counterbalanced high and
low reward arms for all Control and SDS mice.

Here we also discuss a recently developed paradigm, chronic
non-discriminatory social defeat stress (CNSDS) (Figure 5A),
for inducing stress susceptible and resilient populations in

We do not believe there is a difference in maze performance

male and female mice (Figure 5B). The CNSDS paradigm

due to the exact specifications of the maze shape (Y-maze

can be used by preclinical researchers interested in stress

Copyright © 2020 JoVE Journal of Visualized Experiments
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or mood disorders. In the CNSDS paradigm it is vital that

Another limitation of social defeat protocols, including

the experimental females are attacked at least one time per

CNSDS, is the reportedly limited time window to investigate

session. In almost all social defeat sessions the experimental

stress effects on behavior after completing the social defeat

males are attacked multiple times. Each CD-1 aggressor

sessions. Thus, we adapted existing maze barrier protocols

must be rigorously screened with both male and female

to fit all habituation, training, and testing sessions into a 30-

C57BL/6J mice prior to beginning the CNSDS protocol, as

day timeframe. However, this may hasten the overall training

well as recording any and all attacks in each session. While

for some mice, who may struggle to reach the 70% criterion

we describe a dual sex control condition in the CNSDS

for high reward arm selection necessary to complete free

methodology where one male and one female interact,

choice sessions (Figure 4). In addition, there are limited

it may be appropriate for some to include an additional

days available to complete any other behavioral tests without

male for these control interactions, thus mimicking the two

proper planning. However, recent studies indicate that social

males and one female used in the CNSDS procedure. This

defeat stress can produce more persistent impacts on brain

alternative control procedure does not affect behavior of mice

and behavior. Studies from the Miczek lab show that 10

in avoidance behaviors28 . Additionally, a social interaction

days of social defeat stress can increase voluntary alcohol

test should be implemented 24 hours after the 10-day defeat

consumption in mice lasting at least 4 weeks31 , 33 . Social

protocol to both ensure effectiveness of the method and to

defeat protocols use defeat sessions that last anywhere

stratify male and female mice as either resilient or susceptible

from 5-10 minutes. We use 5 min exposures for CNSDS to

to CNSDS24 .

decrease the likelihood of injuries in experimental C57BL/6J

One issue in using the historical approach of subdividing
mice into Resilient and Susceptible populations based on
the social interaction test is that not all aversion behaviors
can be accurately measured using video-tracking software.
“Resilient” mice with an interaction score >1 may be
demonstrating submissive behavior around the container

mice28 . The CNSDS protocol produces comparable results in
females to the social defeat protocol developed by Newmann
and colleagues, in which C57BL/6J female mice are exposed
to resident Swiss Weber mice28 . Similar to CNSDS, this
variation of the social defeat protocol uses 10 days of 5 min
interactions to induce a chronic stress phenotype.

housing the CD1 mouse31 . It is important for the field to

These methods can be used to examine how chronic stress

develop software that better tracks such microbehaviors.

impacts reward processing and motivation in mice. Both

Tools such as simple behavioral analysis (SimBA32 ), which

reward processing, and female subjects, are historically

was developed by the Golden lab to allow behavioral

understudied in the preclinical mood disorder field. Future

classifiers for complex social behaviors in rodents, may prove

studies should determine the impact of chronic stress on male

useful in this regard.

and female reward motivation and stratify resilient versus

Some mounting may occur during the CNSDS protocol. While
we have not observed any pregnancies in this paradigm,
researchers should be aware of this possibility.

Copyright © 2020 JoVE Journal of Visualized Experiments

susceptible mice (Figure 5B). It will be valuable to know
whether this stratification produces differing effects on Ymaze barrier performance as seen in avoidance behaviors,
such as open field, elevated-plus maze, and novelty-
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suppressed feeding. Future studies can combine these

chronic unpredictable mild stress, and its restoration by a

methodologies with other techniques, such as optogenetics

tricyclic antidepressant. Psychopharmacology (Berl). 93

or DREADDS technology, to examine the neural circuitry

(3), 358-364 (1987).

mediating the stress response or reward motivation.

6. Berlin, I., Givry-Steiner, L., Lecrubier, Y., Puech, A.
Measures of anhedonia and hedonic responses to
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