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SUMMARY

Physical confinement, or restraint, is a psychological stressor used in rodent
studies. A single restraint episode elevates blood corticosterone levels, a hall-
mark of stress responses. Repeated restraint results in habituation (or desensiti-
zation), whereas chronic exposure to unpredictable stressors fails to induce
habituation. Here, we provide our protocols and guidelines in using three mouse
restraint models, namely prolonged restraint stress, repeated restraint stress,
and chronic variable stress, to examine immunological homeostasis/compe-
tence, or lack thereof, under stress with or without habituation.

For complete information on the generation and use of these protocols, please
refer to Rudak et al. (2021).

BEFORE YOU BEGIN

Housing and preparation of experimental mice
O® Timing: [1-2 weeks]

1. Experimental protocols must be approved first by local or institutional animal use/care commit-
tees. All experimental procedures described herein were approved by Animal Care and Veteri-
nary Services at Western University.

2. House 4 mice per cage with free access to food and water in a quiet room with controlled tem-
perature and humidity and a split light-dark cycle (e.g., light on at 07:00; light off at 19:00). If
mice were transported from elsewhere, allow at least one week for them to acclimate to their
new environment and housing conditions before proceeding with experiments.

3. House stressed mice and non-stressed controls in separate cages. Returning stressed mice to
cages containing control animals will stress the latter, due partly to odor cues (Sterley et al.,
2018).

A CRITICAL: In our protocols and recent publications (Matovic et al., 2020; Rudak et al.,
2019, 2021; Salter et al., 2018), we have primarily used male C57BL/6 mice, at 8-
16 weeks of age, before introducing the initial stressor. However, the effects of stress
can vary by mouse strain (Mozhui et al., 2010), sex (Nair et al., 2021), and age (Ferrari
et al., 2001), and so can immune responses. Therefore, we have also used female animals

Gheskior STAR Protocols 2, 100838, December 17, 2021 © 2021 The Author(s). 1
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).


mailto:winoue@uwo.ca
mailto:mansour.haeryfar@schulich.uwo.ca
https://doi.org/10.1016/j.xpro.2021.100838
http://crossmark.crossref.org/dialog/?doi=10.1016/j.xpro.2021.100838&domain=pdf
http://creativecommons.org/licenses/by-nc-nd/4.0/

¢? CellPress

OPEN ACCESS

STAR Protocols

and other mouse strains (e.g., BALB/c) in some of our studies to date on stress (Rudak

et al., 2021).

A CRITICAL: For group housing, it is critical to use a consistent group size (e.g., 4 mice per

cage) (Prendergast et al., 2014). If necessary, different group sizes (e.g., 2-3 per cage) can

be set but need to be matched between stress and control cohorts.

KEY RESOURCES TABLE

REAGENT or RESOURCE

SOURCE

IDENTIFIER

Antibodies

Fluorescein isothiocyanate (FITC)-conjugated
anti-mouse TCRB monoclonal antibody
(mADb) (clone H57-597)
Phycoerythrin-cyanine7 (PE-Cy7)-conjugated
anti-mouse TCRB mAb (clone H57-597)
Phycoerythrin (PE)-conjugated anti-mouse
NK1.1 mAb (clone PK136)
Phycoerythrin-cyanine?7 (PE-Cy7)-conjugated
anti-mouse NK1.1 mAb (clone PK136)

Thermo Fisher Scientific

Thermo Fisher Scientific

Thermo Fisher Scientific

Thermo Fisher Scientific

Cat # 11-5961-85;
RRID: AB_465324

Cat # 25-5961-82;
RRID: AB_2573507
Cat # 12-5941-82;
RRID: AB_466050
Cat # 25-5941-82;
RRID: AB_469665

Chemicals, peptides, and recombinant proteins

Allophycocyanin (APC)-conjugated PBS-
57-loaded mouse CD1d tetramers

NIH Tetramer Core Facility

N/A

Critical commercial assays

Corticosterone ELISA Kit
CaspaTag Pan-Caspase In Situ Assay Kit

Arbor Assays
EMD Millipore

K014-H1
Cat # APT420

Experimental models: organisms/strains

Mouse: C57BL/6: C57BL/6NCrl
Mouse: BALB/c: BALB/cAnNCrl

Charles River Laboratories

Charles River Laboratories

Strain code: 027
Strain code: 028

Other

4°C Refrigerator with glass door or cold room
Small Mouse Holder (for mice weighing up to 25 g)
Medium Mouse Holder (for mice weighing 25-50 g)
Blood-collecting capillary tubes

Everlast Rocker 247

Falcon 50-mL conical centrifuge tubes

Glue gun

Plastic container for forced swim, 20 cm
(diameter) x 25 cm (height)

Plastic disc (e.g., a button, 2.5 cm in diameter)
Plastic popsicle sticks

Virox 5 Concentrated Surface Cleaner &
Disinfectant General Virucide

N/A

Kent Scientific

Kent Scientific
Fisher Scientific
Benchmark Scientific
Fisher Scientific

N/A

N/A

N/A
N/A
Diversey Global

N/A
HLD-MS-T
HLD-MM-T
22-260950
BR5000
14-432-22
N/A

N/A

N/A
N/A
2963741

MATERIALS AND EQUIPMENT

Alternatives: Mouse restrainers are commercially available from a variety of sources. To
build a makeshift restraining device, drill ~80 ventilation holes into the side of a 50-mL

conical tube, cut a small opening for a plug at the bottom end of the tube, and a hole/

slit for the animal’s tail in the cap. Make a plug by gluing a plastic popsicle stick to a plastic
disc (e.g., a button with a diameter of 2.5 cm) (Figure 1). The plug can be used to adjust the
available space within the tube and the restrained animal’s back-and-forth movements. To
prevent the restraining device from rolling, glue two plastic sticks to the sides of the conical

tube.
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Restraint tubes

Figure 1. A makeshift restraining device for mouse studies on psychological stress

A suitable restraint tube should contain ventilation holes on its sides, a small hole for a plug at its bottom end, and a
hole/slit for the animal’s tail in its cap. Mice are to be held in restraining devices horizontally, as shown, without being
physically compressed. This figure is a composite of three independent images.

STEP-BY-STEP METHOD DETAILS

Prolonged restraint stress
O® Timing: [12 or 15 h]

Physical restraint is among the most commonly used stressors for the evaluation of immune re-
sponses or other physiological functions in stressed animals (Glaser and Kiecolt-Glaser, 2005).
Accordingly, mice are confined in small tubes that restrict their movement without causing pain,
constriction, or suffocation (Buynitsky and Mostofsky, 2009). Overnight restraint during the
nocturnal phase, in which mice are active, provides a model of prolonged psychological stress
(Glaser and Kiecolt-Glaser, 2005).

1. Transfer mice to a procedure room separate from the original housing room. Physically confine
each mouse for 12 h during the light-off period in a commercial or makeshift restrainer (Figure 1).
During the confinement period, place the restraining device(s) inside a new cage(s). For 12 h of
prolonged restraint stress, begin at 19:00 and end at 07:00 on the following day.

2. Transfer the stressed mice back to their original home cage.

Optional: The duration of the confinement period can be extended to 15 h, starting at 19:00
and ending at 10:00, with high circulating levels of corticosterone readily detectable during
this period (Figure 3).

3. The non-stressed control cohort should remain undisturbed in their home cages in the original
housing room with free access to food and water.

Optional: Prolonged restraint stress results in food and water deprivation, which is a strong
physiological stressor on its own. To isolate the psychological effects of restraint from the an-
imals’ inability to access food and water, separate non-stressed cohorts can be deprived of
food and water for 12 or 15 h as applicable.

Optional: Animals can be subjected to additional interventions or receive agents or reagents
of interest, such as those triggering selectimmune responses, before, during, and/or after the
prolonged restraint period.

Optional: Monitor physiological functions and/or disease outcomes, for instance by collecting
blood and/or tissue specimens (e.g., primary and/or secondary lymphoid organs) at appro-
priate time points. Venous blood can be collected after snipping the tip of the tail using glass
capillary tubes. Alternatively, blood can be drawn from the saphenous vein into a 1.5-mL mi-
crocentrifuge tube.
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Optional: Soluble factors and mediators of interest (cytokines, chemokines, enzymes, stress
hormones, antibodies, etc.) can be quantified in the serum/plasma by enzyme-linked immu-
nosorbent assays (ELISA) or similar assays. For example, a-galactosylceramide («GC), a glyco-
lipid agonist of invariant natural killer T (iNKT) cells, can be administered (100 pg/kg, i.p.) at
the end of prolonged restraint stress, and blood cytokine levels can be measured at various
time points post-aGC injection (Rudak et al., 2021).

Optional: Immune cells can be isolated from various tissues for downstream analyses (e.g., im-
munophenotyping, transcriptomic studies, functional assays). Fluorochrome-labeled anti-
bodies and tetramers used for cell staining must be titrated to determine optimal working
dilutions.

4. Upon the completion of the confinement period, soak restraining tubes in a 1:125 solution of Vi-
rox 5 (e.g., 8 mLVirox 5in 1 L of water) for 10 min. Subsequently, rinse the tubes in water and air-
dry them for future use.

A CRITICAL: It is recommended to house stressed and control mice in separate cages. Re-
turning stressed animals to cages that contain control cage-mates will stress the latter
due, in part, to odor cues (Sterley et al., 2018). Of note, however, in our recent prolonged
restraint stress experiments (Rudak et al., 2019, 2021), in which we used cage-mates to
fully control for housing conditions, we found restrained mice to exhibit a far greater stress
response and significantly poorer innate-like invariant T cell responses than did control
cage-mates. This suggests that the impact of social transmission of stress can be relatively
mild compared to that of physical confinement. Removing one mouse from a cage that ac-
commodates only two animals can cause stress, due to isolation, and should be avoided
(leraci et al., 2016; Senst et al., 2016).

Repeated restraint stress
O® Timing: [once daily for 3 weeks]

In the repeated restraint stress (RRS) model, animals are exposed to the same stressor in a predict-
able manner, thus enabling habituation to the stressor. Repeatedly subjecting mice to restraint re-
sults in a gradual decrease in stress-induced neural activity (Matovic et al., 2020) and glucocorticoid
release (Grissom and Bhatnagar, 2009). This entails daily restraint at a fixed time (e.g., 11:00-12:00)
for 21 days.

1. Place each mouse inside a commercial or makeshift restrainer made from a 50-mL conical tube
(Figure 1) for 1 h. Place restrainers in a new cage(s).

2. Transfer mice back to their home cages between restraint cycles and leave them undisturbed for
the rest of the day.

Optional: Animals can be subjected to additional interventions and/or injected with agents or
reagents of interest, such as those prompting immune responses, before, during, and/or after
the RRS procedure.

A CRITICAL: Stress levels in animals can be affected by a multitude of confounding factors,
including but not limited to environmental noise and vibration, unstable room tempera-
tures, and poor breeding conditions. It is therefore critical to include unstressed control
cohorts in each experiment. The animals’ body weight and appearance should be moni-
tored daily. A body weight loss of up to 10% can be expected. A loss of over 15% relative
to the starting weight is considered too severe, and the animal should be withdrawn from
the experiment.

4 STAR Protocols 2, 100838, December 17, 2021
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Figure 2. A typical mouse model of chronic variable stress (CVS)

(A) Aweekly cycle in which various stressors are introduced is schematically illustrated and needs to be repeated thrice
for a 21-day CVS study.

(B) Materials and/or conditions employed to apply various stressors include cage shaking (80 rom for 1 h), physical restraint (1 h),
cold exposure (at4°C for 1 h), forced swimming (for 15 min in a bucket containing 30°C water), cage tilting overnight (at a 30-to-
45-degree angle), and wet bedding overnight. Figure 2B is a composite of six independent images.

A CRITICAL: Restraint should be applied at the same time of the day. This is because the ef-
fects of stress have been reported to differ between active and inactive phases (Bartlang
et al., 2012; Rybkin et al., 1997).

Chronic variable stress
® Timing: [twice daily for 3 weeks]

Chronic variable stress (CVS) is designed to minimize habituation by applying different stressors in
an unpredictable fashion (Franco et al., 2016; Herman et al., 1995). Accordingly, mice are subjected
to heterotypic psychological and physical stressors (including restraint), once daily and once nightly,
for 21 days (Figure 2). The daytime stressors, which are of brief duration, are each randomized to be
introduced anytime between 08:00-18:00. The nighttime stressors can be started anytime between
17:00-19:00 and terminated anytime between 08:00-10:00 on the following day. Below, we
describe several daytime and nighttime stressors, which we routinely use in our optimized protocol.

Daytime stressors:

1. Cage shake:
a. Place cages on a horizontal rocking laboratory shaker (Figure 2) set to a speed of 80 revolutions
per minute (rpm) for a one-hour duration.
2. Restraint stress:
a. Hold mice within a restrainer prepared using a 50-mL conical tube (Figures 1 and 2) for 1 h.
Place restrainers in a new cage(s).
3. Cold exposure:
a. Place cages inside a laboratory refrigerator maintained at 4°C (Figure 2) for 1 h.
4. Forced swim:
a. Fill a plastic bucket (20 cm in diameter at the top) with water to create a depth of atleast 15 cm
(Figure 2).
b. Adjust the water temperature to 30° + 1°C using a thermometer. Place a mouse inside the water-
filled bucket for 15 min. Dry the animal using paper towels before returning it to its home cage.

A CRITICAL: The water temperature commonly used for forced swim is 24°C-30°C (National

Research Council (US) Committee on Guidelines for the Use of Animals in Neuroscience and
Behavioral Research, 2003). Experimenters should be aware that water temperature even

STAR Protocols 2, 100838, December 17, 2021 5
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within this range (e.g., 25°C vs 30°C) can have different effects on the stress response and
behavior (Bachli et al., 2008; Drugan et al., 2005). Therefore, using a consistent water temper-
atureisimportant. Switching to different temperatures requires re-evaluation of the end points.

Nighttime stressors:

5. Light on:
a. Leave the light on in the room where mice are housed overnight.
6. Cage tilt:
a. Elevate one side of the cage until it rests at a 30-45-degree angle (Figure 2). Leave the cage
tilted overnight.

A CRITICAL: Make sure the water bottle is full and mice have access to water.

7. Wet bedding:

a. Pour tap water into home cages. The amount to be used should be sufficient to soak the bedding
but not too large to create a pool of free-floating water in the cage. For a standard mouse cage
(26 cm x 16.5cm x 14 cm), approximately 200 mL of room temperature water is needed (Figure 2).

b. Leave mice in their wet cage(s) overnight.

c. Transfer mice to a new cage(s) with fresh bedding.

8. Food deprivation:

a. Remove access to food overnight by transferring mice into a new cage(s) without food. Using
new cage(s) is important because mice can potentially feed on small pieces of food pellets that
may fall onto the bedding of their original cage(s). Overnight food deprivation can start
anytime between 17:00-19:00 and end anytime between 8:00-10:00 on the following day.

9. Water deprivation:

a. Withdraw access to water overnight by removing drinking bottles from home cages. Overnight
water deprivation can start anytime between 17:00-19:00 and end anytime between 8:00-
10:00 on the following day.

Optional: Animals may receive additional interventions and/or agents or reagents of interest
before, during, and/or after the CVS procedure.

A CRITICAL: Stress levels in animals can be affected by a multitude of confounding factors,
including but not limited to environmental noise and vibration, unstable room temperatures,
and poor breeding conditions. It is therefore critical to include unstressed control cohorts in
each experiment. The animals’ body weight and appearance should be monitored daily. A
weight loss of up to 10% can be expected. A loss of over 15% relative to the starting weight
is considered too severe, which warrants the animal’s withdrawal from the experiment.

A CRITICAL: In the case of overnight food deprivation and water deprivation, body weight
needs to be measured 24 h after food/water is reintroduced to allow for recovery from a
transient weight loss. Nighttime food deprivation and water deprivation should not be
introduced consecutively. Moreover, their application, each, should be limited to once a
week to avoid severe physiological challenges, otherwise introducing adaptive changes
in addition to stress responses.

EXPECTED OUTCOMES

Prolonged restraint stress is expected to induce a sustained increase in circulating corticosterone
levels (Figure 3A). The effectiveness of a stressor may be assessed by quantitating corticosterone
in the plasma or serum immediately after restraint.

6 STAR Protocols 2, 100838, December 17, 2021
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Figure 3. Blood corticosterone levels in mice subjected to restraint stress with or without habituation

(A) Eight-to-ten-week old male C57BL/6 mice (n=8) were serially bled at indicated time points during a 15-h period of
prolonged restraint stress in the nocturnal phase, followed by plasma corticosterone quantification by ELISA.

(B) In a separate experiment, blood corticosterone levels were measured immediately after a 1-h episode of restraint
stress for the first time (Restraint), one day after a 21-day-long repeated restraint stress study was concluded (RRS +
Restraint), or one day after a 21-day-long chronic variable stress was ended (CVS + Restraint). Data from stress-naive
mice are also provided. Each symbol represents an individual mouse, and error bars represent standard error of the
mean. Statistical analyses were conducted using one-way ANOVA with Tukey’s correction. **** and *** denote
significant statistical differences with p<0.0001 and p<0.001, respectively. ns, not significant

A one-hour episode of restraint stress alone should raise the plasma concentrations of corticoste-
rone. After 21 days of RRS, however, mice should demonstrate habituation as evidenced by a dras-
tically blunted corticosterone response to a subsequent one-hour episode of physical restraint. In
contrast, after 21 days of CVS, mice should remain sensitive to restraint and should be able to mount
an impeccable or near-impeccable corticosterone response to this stressor (Radley et al., 2013)
(Figure 3B).

Body weight can also be a simple but valuable readout. Control mice will continue to gain weight in
lengthy experiments. CVS will typically cause a weight loss of about 5% that will persist over the 21-
day period. In contrast, RRS-induced transient weight loss will be gradually reversed towards the
final week of the 21-day-long experiment (Figure 4).

Psychological stress is known to alter many aspects of immune homeostasis and host responses in
health and disease, and restraint models have proven useful in addressing such effects. For instance,
restraint stress raises circulating levels of certain inflammatory cytokines, including interleukin (IL)-6
(Nukina et al., 2007; Qing et al., 2020). As another example, we recently reported that prolonged
restraint stress decreases the absolute numbers of hepatic and splenic conventional T (Tcony) cells,
natural killer (NK) cells, and B cells in mice (Rudak et al., 2021 and Figure 5). Our cytofluorimetric an-
alyses also revealed increases in intracellular active caspase levels in T,y and hepatic NK cells (Ru-
dak et al., 2021 and Figure 6). Furthermore, the observed numerical reductions in NK and B cells
were reversible upon treatment with RU486, a glucocorticoid receptor (GR) antagonist, and dimin-
ished Tcony cell counts were not evident in T cell-specific GR knockout mice (Rudak et al., 2021), indi-
cating a requirement for GR signaling in stress-elicited death in the above compartments. In stark
contrast, iNKT cells were unusually resistant to stress-induced apoptosis (Rudak et al., 2021 and Fig-
ures 5 and 6) although they became unresponsive or hyporesponsive to cognate glycolipid antigens
and select cytokine stimuli (Rudak et al., 2021).
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Figure 4. Body weight changes in mice subjected to RRS, CVS and control conditions
Adult mice were weighed daily before and after they were subjected to RRS or CVS. For control mice, body weights
were recorded weekly at the time of cage cleaning. Error bars represent standard error of the mean.

LIMITATIONS

Host responses to both acute and chronic stress can be influenced by various factors, including hous-
ing conditions (e.g., building noise and air temperature fluctuations), past exposure to various other
stressors (e.g., transportation), and early life events. It is critical to include a control group in each
independent experiment. If any signs or indications of an overt stress response (e.g., high blood
levels of corticosterone or a dramatic weight loss) are noticed in control mice, the experimental re-
sults should be discarded or interpreted with an abundance of caution at the very least.

Animal handling, anesthesia, injections, and blood collection, which are regarded as inherent
stressors, should be performed consistently for both restrained and control cohorts. Blood draws
for the measurement of corticosterone and other hormones or mediators should be conducted
within 5 min of touching home cages, before potential manipulation-associated corticosterone
release starts to affect the blood levels.

It is conceivable that mice subjected to prolonged restraint consume more metabolic resources as
they attempt to escape from physical confinement. Therefore, restraint may not always represent a
merely psychological stressor (Harris, 2015).

The CVS model involves the application of both psychological and physical stressors whose relative
contributions to immunological outcomes are difficult to discern or interpret.

TROUBLESHOOTING

Problem 1

Baseline blood corticosterone levels in the absence of stress should be approximately 50 ng/mL (Ru-
daketal., 2021). Levels higherthan 100 ng/mL in control mice may indicate their exposure to uncon-
trolled stressors (step 3 under prolonged restraint stress).

Potential solution

One common reason behind elevated blood corticosterone levels in control mice is animal handling
prior to or during blood collection. To determine baseline corticosterone levels, blood should be
withdrawn within 5 min of manipulating home cages, before potential manipulation-associated
corticosterone release starts to affect the blood levels of this hormone. By the same token, the
home cages of experimental mice should not be touched (e.g., for cage cleaning) on the day of
blood collection. Home cages should be kept in a room with minimal traffic that is solely designated
for the experiment.

8 STAR Protocols 2, 100838, December 17, 2021
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Figure 5. The numerical abundance of T.,,,, NK and iNKT cells following prolonged restraint stress

Adult C57BL/6 mice were subjected to 12 h of prolonged restraint stress. Control mice were left undisturbed without
access to food and water. Immediately afterward, non-parenchymal hepatic mononuclear cells and splenocytes were
isolated and stained with PBS-57-loaded CD1d tetramers and mAbs against NK1.1 and TCRB. TCRB*PBS-57-loaded
CD1d tetramer Teony cells, NK1.1*TCRB” NK cells, and TCRB*PBS-57-loaded CD1d tetramer™ iNKT cells were then
enumerated in each organ by flow cytometry. Each symbol represents an individual mouse. Error bars represent
standard error of the mean. *, ** and **** denote differences with p<0.05, p<0.01 and p<0.0001, respectively, using
unpaired Student's t-tests. ns, not significant

Problem 2

If mice subjected to RRS fail to habituate to restraint, they will respond to a subsequent restraint
episode of one hour in duration on day 22. The blood corticosterone levels found in these animals
will be similar to those detectable in mice exposed to one-hour restraint for the first time (steps 1 and
2 under repeated restraint stress).

Potential solution

Presentation of an unexpected stressor can disrupt or reverse habituation (Grissom and Bhatnagar,
2009). Therefore, one should investigate any possible incidences or sources of uncontrolled stress
(e.g., building construction noise, lack of food or water, cage flooding). Also of note, restraint should
be applied by the same experimenter(s), no more than two individuals, throughout the RRS study.

Problem 3

Male mice housed together may show aggressive behavior, which would require the isolation of
aggressive and/or injured animals. Consequently, the entire cage needs to be withdrawn from the
experiment (steps 1-4 under prolonged restraint stress, steps 1 and 2 under repeated restraint
stress, and steps 1-9 under chronic variable stress).

Potential solution

Aggression at the cage level is a multifaceted phenomenon, for which no established solutions
currently exist (Weber et al., 2017). However, it may be mitigated by: i) establishing stable groups,
by keeping siblings or familiar mice together; ii) transferring the nest site, but not soiled bedding,
during cage changes; iii) keeping the ambient temperature at 20°C-22°C while providing abundant
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Figure 6. The intracellular active caspase contents of T.,,,, NK and iNKT cells after prolonged restraint stress

Adult male C57BL/6 mice were subjected to restraint stress for 12 h. Control cohorts remained undisturbed but were
deprived of food and water. Non-parenchymal hepatic mononuclear cells and splenocytes were then stained using
the CaspaTag Pan-Caspase In Situ Assay Kit before the levels of intracellular active caspases in Tcony, NKand iNKT cell
populations were quantified by flow cytometry. Each symbol represents an individual mouse, and error bars represent
standard error of the mean. ** denotes a difference with p<0.01 using unpaired Student'’s t-tests. ns, not significant
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nesting materials; iv) avoiding exposure to female scent that can trigger aggression (Hurst, 2005), for
instance through housing male and female mice in separate rooms.

Problem 4

Larger mice may be difficult to fit inside a standard commercially available mouse restrainer, which
can cause unintended physical stress (hyperthermia due to reduced ventilation, suffocation, and
physical pain) (step 1 under prolonged restraint stress, step 1 under repeated restraint stress, and
step 2 under chronic variable stress).

Potential solution
Obtain or set up larger restrainers appropriate for the animals’ body size.

Problem 5

Large experiment-to-experiment variability is possible in how stress affects physiological functions
(e.g., immune responses, neuroendocrine activities, body weight changes) or disease outcomes
(steps 1-4 under prolonged restraint stress, steps 1 and 2 under repeated restraint stress, and steps
1-9 under chronic variable stress).

Potential solution

Stress responses and adaptation are influenced by numerous factors. Review all steps and potential
variables across different experiments in detail. For example, differences in animal handling, which
can vary between experimenters or animal care technicians, have been shown to affect stress-related
physiological and behavioral changes (Gouveia and Hurst, 2017; Mertens et al., 2019).

RESOURCE AVAILABILITY

Lead contact

Further information and requests for resources and reagents should be directed to and will be ful-
filled by the lead contact, S.M. Mansour Haeryfar (Mansour.Haeryfar@schulich.uwo.ca).

Materials availability
This study did not generate new unique reagents.

Data and code availability

The results of plasma corticosterone measurements in control mice and those subjected to CVS (Fig-
ure 3) are available in our recently published article (Rudak et al., 2021). Data from animals subjected
to prolonged restraint or to RRS (Figure 3) have not been published but can be made available by the
corresponding author upon request. The body weight data illustrated in Figure 4 are unpublished
but available from the corresponding author. The absolute numbers (Figure 5) and the active cas-
pase content (Figure 6) of Teony and iNKT cells were recently published (Rudak et al., 2021). Similar
values for NK cells (Figures 5 and 6) have not been published but can be obtained from the corre-
sponding author.
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