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21  SHORT ABSTRACT:
22  We describe a sleep deprivation technique known as gentle handling where investigators gently
23 prod mice any time sleep behavior is observed. This method is a powerful tool that allows
24 researchers to study the effects that chronic sleep restriction throughout development can have
25  on future brain physiology and behavior.
26
27 LONG ABSTRACT:
28  Sleepiis critical for proper development and neural plasticity. Moreover, abnormal sleep patterns
29  are characteristic of many neurodevelopmental disorders. Studying how chronic sleep restriction
30 during development can affect adult behavior may add to our understanding of the emergence
31 of behavioral symptoms of neurodevelopmental disorders. While there are many methods that
32 can be used to restrict sleep in rodents including forced locomotion, constant disruption,
33  presentation of an aversive stimulus, or electric shock, many of these methods are very stressful
34  and cannot be used in neonatal mice. Here, we describe gentle handling, a sleep deprivation
35 technique that can be used chronically throughout development and into adulthood to achieve
36 sleep restriction. Gentle handling involves close observation of the mice throughout the sleep
37 deprivation period and requires the researcher to gently prod the animals whenever they are
38 inactive or display behaviors associated with sleep. Coupled with EEG recordings, gentle handling
39 could be used to selectively disrupt a specific phase of sleep such as rapid eye movement (REM)
40 sleep. The technique of gentle handling is a powerful tool for the study of the effects of chronic
41  sleep restriction even in neonatal mice that circumvents many of the more stressful procedures
42  used for sleep deprivation.
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Sleep plays a critical role in neuronal plasticity and synapse formation and elimination during
brain development!?. Specifically, rapid eye movement (REM) sleep is essential for forming
stable synaptic circuits through both strengthening of specific synapses and synaptic pruning?.
Pharmacological sleep deprivation early in life leads to many physiological and behavioral
deficits®*. In addition to pharmacological sleep deprivation, other forms of sleep deprivation such
as constant shaking, forced locomotion, or presentation of an aversive stimulus have been
associated with depression-like symptoms during adulthood, different neural activation patterns,
and changes in sleep time and sleep continuity during a recovery period following deprivation>”’.
When sleep is chronically restricted in mice for over five weeks during development, behavioral
deficits were observed following a month of sleep recovery®. Taken together, these studies
suggest that disruption of sleep in the neonatal rodent can affect later sleep patterns, brain
function, and behavior. Highlighting the importance of sleep for normal brain development in
humans, many patients with neurodevelopmental disorders, including Autism Spectrum
Disorders, Tuberous Sclerosis Complex, Fragile X Syndrome, and Attention-Deficit/Hyperactivity
Disorder, report abnormalities in sleep patterns in addition to a variety of behavioral deficits?.

Given the number of neurodevelopmental disorders that are associated with abnormal sleep
patterns, it is important to understand how lack of sleep affects brain function and behavior.
However, despite the data that support the importance of sleep during development, most
methodologies that restrict or deprive animals of sleep focus on adults. These techniques include
a variety of tests that require forced locomotor activity (e.g., constant treadmill), constant
disruption (e.g., rotating sweeper bar or continual novel object presentation), or disturbing the
animal at the onset of REM sleep (e.g., platform over water)>°. Although these methods have
effectively shown the problems associated with sleep deprivation in adults, none of these
methods are appropriate for rodent pups because of their limited mobility, high sleep drive, and
the adverse effects of stress early in life. Due to the importance of sleep during development, it
is critical to understand how restricted sleep in neonatal pups affects future behavior during
adulthood.

One technique to restrict sleep that can be used in rodent pups is gentle handling. Gentle
handling involves the investigator directly interacting with the rodents any time sleep behavior
is observed. Investigators can use their hands, a paintbrush, or presentation of novel objects to
physically disrupt sleep in neonatal rodents®'9-14, Sleep can be behaviorally determined by lack
of motor activity, myoclonic twitching, and eye closure (in older rodent pups). EEG validation
confirms that disrupting sleep with gentle handling based on these behaviors reduces total sleep
time by 91% in P12 rats'4. Other techniques that have been used to deprive young mice include
electric shock and presentation of unpleasant stimuli, but these techniques cannot be used for
chronic sleep restriction and are more stressful than gentle handling’-*°. Chronic sleep restriction
can also be accomplished through a shaking protocol that can be used with or without EEG
electrode implantation and associated computer software, but this protocol does not prevent all
sleep and therefore is less controlled compared to gentle handling®6. The ability to restrict or
deprive mice of sleep for many days in a row without specific equipment, computer software, or
electrode implantation is a benefit of the gentle handling technique. Chronic sleep restriction via
gentle handling effectively limits sleep in neonatal rodents and produces a variety of behavioral
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changes following the sleep deprivation period®%1217,

Here, we describe results in which chronic sleep deprivation for three hours per day from
postnatal day 5 (P5) to P42 significantly affects sociability of mice following a 30-day recovery
period in which sleep is not disturbed. These results highlight the long-term effects of chronic
sleep restriction during development on future behavior.

PROTOCOL:

Note: All the procedures were approved by the National Institute of Mental Health Animal Care
and Use Committee and performed in accordance with the National Institutes of Health
Guidelines on the Care and Use of Animals.

1. Sleep Deprivation Setup
1.1 Use soft paintbrushes to gently poke mice when asleep.

1.1.1 Make sure the paintbrush can fit through the bars of the mouse cage feeder to ensure
that mice have access to food and water ad libitum during sleep deprivation.

1.1.2 Do not use paintbrushes for multiple cages to prevent the transfer of scents between
cages. We suggest that you label each brush with its assigned cage and restrict its use to that
cage.

1.2 Designate a room where all sleep deprivation will occur.

2. Animal Setup

2.1 Randomly assign each cage to either sleep deprivation or control group.

2.2 Give mice access to food and water ad libitum during the experiment.

2.3 Make sure view of mice is not restricted by bedding, nest material, or enrichment objects in
cage.

2.3.1 Remove extra bedding or enrichment objects that could restrict the view of the mice.

2.4 If food or water restricts view of mice, move mice to an area of cage where the view is not
restricted.

2.4.1 If the food blocks a large portion of the cage, remove some food and place pellets at the
bottom of the cage so that animals maintain access to food during the sleep deprivation period.
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3. Animal Conditions

Note: We chose to begin the three hour sleep deprivation period at 11 AM, when mice are in
the middle of their inactive phase, but the time of day and duration of sleep deprivation can be
chosen based on the desired experimental conditions.

3.1 Control Group.

3.1.1 On P5, remove the sire from the breeder cage and leave the dam with the pups until
weaning (P21).

3.1.2 Move mice assigned to the control group to the sleep deprivation room and gently prod
the mice with a paint brush continuously for 10 minutes a day for the duration of the

experiment (P5 to P42).

3.1.3 After these 10 minutes, return the mice to the animal holding room and do not disturb
them

3.2 Sleep Deprivation Group.

3.2.1 On P5, remove the sire from the breeder cage and leave the dam with the pups until
weaning (P21).

Note: Sleep deprivation prior to P5 may result in cannibalization of the pups. We did not
observe significant cannibalization at P5 and later.

Note: In young pups, the drive to sleep is very high requiring almost constant stroking. As the
mice develop, especially after weaning, the sleep pressure is lower and they do not need
constant prodding.

3.2.2 Continue with sleep deprivation every day until P42.

Note: Sleep deprivation protocols can vary in length and extend past P42 if desired.

3.2.3 Move mice assigned to the sleep deprivation group to the sleep deprivation room daily
during the light cycle where they will be monitored. The exact duration of sleep deprivation can

be adjusted based on the specific research question.

Note: In neonatal mice sleep deprivation that lasts longer than 3 hours is difficult because of
the increase in sleep pressure®.
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3.2.3.1 During this time, gently prod the mice with the paintbrush any time that sleep is
evident. Specifics of sleep deprivation are explained in the next section.

4, Sleep Deprivation

4.1 Gently prod mouse with paintbrush if suspected of being asleep until a response is
observed. Alternatively, invert mice and push over onto their backs to disrupt sleep.

4.1.1 Consider a mouse to be asleep if any of the following occur: inactivity, twitching
(especially with pups), or if their eyes are closed (in mice older than P12).

4.1.2 Consider mice to be awake if they are moving around, trying to flip over after being on
their backs, or grooming themselves.

4.2 If dam is covering pups during sleep deprivation, gently prod her away from pups so the
view of the pups is unrestricted.

5. After Sleep Deprivation

5.1 When the three-hour period of sleep deprivation is complete, put the bedding and any food
that may have been removed back and put the lid back on the cage.

5.2 Return cages to animal holding room until the next day of sleep deprivation.
6. Subsequent Experiments

6.1 Depending on the goal of the sleep deprivation study, proceed with subsequent
experiments.

6.1.1 Harvest serum from animals to determine corticosterone levels 18,

6.1.2 Do any of a number of behavioral tests, including Open field, RotaRod, Elevated Plus
Maze, Social behavior testing, Marble Burying, etc.81%2° These behavior tests will also prevent
the animals from sleeping so that should be factored in when determining how many days of
continuous sleep deprivation to employ.

REPRESENTATIVE RESULTS:
To investigate the effects of chronic sleep restriction on behavior, we sleep restricted mice for
three hours daily between 11:00 AM and 2:00 PM from P5 to P422. Following the sleep
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restriction, mice were left undisturbed for four weeks and allowed to recover from sleep
restriction. Mice were tested for behavior following the four-week recovery period. The three-
chamber social behavior test was used to assess sociability (preference for a novel mouse
compared to a novel object) and social novelty (preference for a novel mouse compared to a
familiar mouse). In the sociability test, sleep restricted females spent more time sniffing the
stranger mouse than control females (p < 0.05) (Figure 1A) and sleep-restricted males had a
tendency to spend more time sniffing the object when compared to control males (p = 0.077)
(Figure 1A). In the social novelty phase of testing, sleep-restricted female mice spent an increased
the amount of time sniffing the novel mouse than female controls (p < 0.01) (Figure 1B).

FIGURE AND TABLE LEGENDS:

Figure 1: Chronic sleep restriction alters social behavior following a 4-week sleep recovery
period. (A) Sociability test: Time spent sniffing reveals that male mice that were sleep restricted
spent more time sniffing the novel object compared to the controls males (p = 0.077). Sleep-
restricted female mice spent more time sniffing the stranger mouse compared to control females
(*p < 0.05). Sleep-restricted female mice also tended to spend more time sniffing the object
compared to control females (p = 0.065). (B) Social Novelty test: Time spent sniffing the novel or
familiar mouse revealed that sleep restricted female mice spent statistically significant more time
sniffing the novel mouse compared to female mice that were not sleep restricted (**p < 0.01).
Bars represent the means + SEM in 11 control male, 13 sleep-restricted male, 22 control female,
and 17 sleep-restricted female mice. Data were analyzed by means of post hoc t-tests following
an ANOVA. This figure has been modified with permission from Sare et al. 20168,

DISCUSSION:

Here we describe a method for sleep deprivation, gentle handling, that can be used in both
rodent pups and in adults. Gentle handing requires researchers to observe mice for the duration
of a sleep deprivation period and gently prod the animals whenever they are inactive or twitching
to prevent sleep. Prior sleep deprivation studies have verified by means of simultaneous
electroencephalogram (EEG) recordings that gentle handling prevents both REM and non-REM
(NREM) sleep 9. While gentle handling is one of the only sleep deprivation methods that can be
used on young rodent pups, there are some limitations to its usage.

First, gentle handling relies heavily on the experimenter to be able to both recognize and
promptly respond to pre-sleep behaviors. When depriving sleep in rodent pups, the pups must
be almost constantly prodded or inverted to assure that they are awake for the entire sleep
restriction period. Recognition of twitching in young pups is critical to properly prevent sleep 2.
Second, it should be acknowledged that sleep deprivation that occurs before weaning, when the
pups are still with their mother, could affect the mother’s sleep as a secondary effect; however,
the extent of this effect has yet to be explored. Third, it is important to recognize that any sleep
deprivation process will be inherently stressful, and it is not possible to separate the effects of
sleep deprivation from the stress that is caused by the procedure. However, using the gentle
handling protocol described here attempts to minimize the stress of sleep deprivation compared
to other sleep deprivation protocols. And finally, whereas gentle handling is a useful technique
for chronic neonatal sleep deprivation, it is a burdensome procedure for researchers as it is time
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consuming and requires constant attention. Longer sleep deprivation protocols are also difficult
to perform in neonatal mice due to the increases in sleep pressure over time*®.

Despite these limitations, gentle handing is a powerful tool to study the effects of chronic sleep
restriction throughout development and into adulthood and how sleep restriction can affect both
behavior and brain physiology. Most importantly, this method allows researchers to continue to
explore the effects that sleep restriction at an early age can have on the development of the brain
both immediately following sleep restriction and later in life.
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Materials Table

Name of Material/ Equipment

C57BL/6J mice
Super Mouse 750 Mouse Cage

SANI-Chips Bedding

S&S Bristle Brush Assortment Pack

Click here to download Materials Table Sleep Restriction JoVE

Materials.xlsx

Company

Jackson Labs

Lab Products, Inc.

PJ Murphys

Staples

Catalog Number

000664

Item # 13764, Model AB37100

*
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Comments/Description

Wildtype mice used
Cages for the mice
Bedding for the mice

Paint brushes are used to gently poke mice
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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.
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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 rights permitted under such
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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. 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.

9. 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.

10. 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 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
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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.

11. 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 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
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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.

12. Fees. To cover the cost incurred for publication, JoVE
must receive payment before production and publication 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.

13. 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 required per submission.
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Please submit a signed and dated copy of this license by one of the following three methods:
1) Upload a scanned copy of the document as a pfd 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 02139

For questions, please email submissions@jove.com or call +1.617.945.9051
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National Institutes of Health
Bethesda. Marviand 20892

Dr. Phillip Steindel
Review Editor, JoVE

Dear Dr. Steindel,

| am attaching our revised manuscript entitled “Chronic sleep restriction in mouse pups by means of
gentle handling”. This is a report of the method for restricting sleep in neonatal mice. This is a powerful
tool to investigate the importance of sleep in development.

This work has not been published elsewhere and is not under review by another journal. The edited
manuscript has been read and approved by all of the authors.

Following this letter, we have addressed all of the comments of the reviewers.

We hope that you and the reviewers will find our edited manuscript acceptable for publication.

Yours sincerely,

Rachel Michelle Saré, Ph.D.

Section on Neuroadaptation & Protein Metabolism
National Institute of Mental Health
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Reviewers' comments:

Reviewer #1:

Manuscript Summary:

The authors wrote on the gentle handling method, which is used to cause total sleep deprivation during
the experimental protocol. The method itself is well described, with several important topics being
addressed. Specific details relating to sleep deprivation in rat pups are also provided. The
methodological approaches are clear and are all present. | do have some comments:

Minor Concerns:

The role of the circadian timing in gentle handling could be clarified. Why the 11 AM time was chosen?
Alternatively, the authors could explain in the manuscript the differences (or the lack of them) in
starting protocols immediately after lights on/zeitgeber time 0 or in the middle of inactive phase.

Gentle handling can be started at any time and the protocol outlined in this manuscript would stay the
same. We chose to start at 11AM, in the middle of the inactive phase, but any other time can be used.
We have altered this point in the manuscript.

Since the manuscript is about a method, a rationale for the 3 hour per day sleep deprivation (or any
other duration) could be provided, it will enhance the manuscript and provides the reader with more
information about the method. Sleep deprivation duration is also important to comment as the difficulty
in carrying out the protocol increases with longer sleep deprivation duration.

Sleep deprivation can be sustained for any length of time that the experimenter wishes (which has now
been added to the manuscript). It has been previously noted that, for mouse pups, achieving sleep
deprivation past three hours is very difficult due to the increasing need for sleep. This explanation is
included in the manuscript.

Perhaps the second and third paragraph of the introduction might be changed. The literature has
several examples of experiments which were carried with gentle handling (Hairston IS et al, 2001, 2004;
Araujo P et al, 2014, 2018) to name a few. Thus, a non familiar reader might benefit more from a more
detailed introduction of the method itself, for example method variations e.g novel objects along the
paintbrush, or specific sleep features which are promoted or inhibited after the protocol. It is important
to stress that rodent pups have special needs in regards to experimental manipulation and gentle
handling should be preferred over other stressful methods. Nevertheless, as a methodology article, it
would be welcome to the introduction to bring more references with the use gentle handling in rodent

pups.

References
Araujo P et al. Sleep and pain: a relationship that begins in early life. Pain Physician. 2014 Nov-
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Dec;17(6):E787-98

Araujo P et al. Neonatal Sleep Restriction Increases Nociceptive Sensitivity in Adolescent Mice. Pain
Physician. 2018 Mar;21(2):E137-E148

Hairston IS et al. Sleep deprivation elevates plasma corticosterone levels in neonatal rats. Neurosci Lett
2001;315:29-32

Hairston IS, et al. Sleep deprivation effects on growth factor expression in neonatal rats: a potential role
for BDNF in the mediation of delta power. J Neurophysiol 2004;91:1586-1595

These suggestions have been addressed in the introduction and these references have been added.

Reviewer #2:

Manuscript Summary:

The manuscript by Lemons et al. describes the use of gentle handling via prodding with paintbrushes to
conduct chronic sleep restriction in mouse pups. There are a few issues that authors can address to
strengthen this manuscript.

Major Concerns:

1. Does this method of sleep restriction change corticosterone levels in mouse pups? If so, then this
method of sleep restriction could also be interpreted as a stress paradigm and not a sleep restriction
protocol.

Sleep restriction is inherently stressful. Unfortunately, it is impossible to separate out the effects of
stress and sleep loss.

2. What is the significance of 10 minutes of prodding in control animals? Could it be longer or shorter?
Added explanation of this length of time would help researchers understand the importance of handling
control mice as well.

When designing this protocol, we wanted to make sure that the control mice were handled daily, but we
did not want to limit their sleep. Therefore, we chose 10 minutes of prodding for the control animals.

Minor Concerns:

1. The phrasing of sleep restriction is confusing, particularly in lines 152-154. Sleep restriction in humans
would refer to limiting sleep to a particular time period, not preventing sleep during that time period.
Therefore, a 3-hr sleep restriction protocol in human studies would suggest that the subject is limited to
sleeping only 3 hours, not experiencing 3 hours of sleep deprivation as written in this manuscript.
Rephrasing throughout the manuscript would greatly enhance translatability for researchers using
various subjects/models.

We have rephrased sleep restriction throughout the manuscript to make this protocol clearer.
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Reviewer #3:

Manuscript Summary:

The authors discuss the application of the sleep restriction technique by gentle handling, commonly
used in adult rodents, in newborn mice. The procedure is potentially very useful, given the difficulty of
manipulating sleep in newborn mice, but there is no validation of of the effectiveness of the procedure
in the pups

Major Concerns:

My major concerns relate to the fact that it is not possible to control the extent to which gentle handling
reduces sleep in pups. In the adult this procedure is normally performed under EEG control, which
allows to identify the appearance of sleep; furthermore, at the end of the procedure it is possible to
guantify the reduction of NREM and REM sleep with respect to control periods. Without EEG it is
impossible to say how much animals sleep. The behavioral criterion is not in itself sufficient to
discriminate between waking and sleep. In fact, if it is reasonable to say that the mouse that moves is
awake, it cannot be said with certainty that a mouse that does not actively move is sleeping. The
behavioral criteria used for discrimination should be described in greater detail and, if possible,
validated.

It is not possible to use standard EEG recordings in P5 mice, so specific behavior must be used to identify
sleep. Others have used EEG recordings in neonatal rats beginning around P12 and have found that
sleep behavior (myoclonic twitching, lack of locomotion) has correlated with sleep. Therefore, these
same behaviors should be well correlated with sleep and useful to successfully perform sleep
deprivation with gentle handling.

Furthermore, it seems to me difficult for a single operator to watch and simultaneously deprive different
pups in the same cage. The number of animals present in each cage in this experiment must be
specified.

When performing gentle handling in neonatal mice, the mice are grouped together in one location of
the cage. Therefore, it is possible to observe many mice simultaneously and prod them to disrupt sleep.

Finally, the protocol used for the control group and the restricted sleep group is critically different: in
fact, the animals of the control group are moved to a room for sleep restriction and subjected to an
active interaction with the researcher for 10 minutes a day, while for animal of the other group this
period is 3 hours long. It cannot therefore be ruled out that the results obtained depend on this
difference rather than on the reduction of sleep. The animals of the two groups should remain in the
sleep restriction room for the same time (3 hours) and the animals of the control group should in this
period also be subjected to gentle handling, while however they are in waking conditions.
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One limitation of sleep restriction is that it is impossible to separate interaction with the researcher
from loss of sleep. The control group interacted with the researcher for only 10 minutes a day to limit
the amount of sleep loss. Increasing the interaction with the researcher would inherently increase sleep
deprivation in the control group.

Minor Concerns:
in the introduction, the part about sleep deprivation techniques currently used in adults, and the limits
of their application to studies on newborns, should be expanded and critically discussed

Additional information was added to expand this section.



NIH Copyright

Click here to download Supplemental File (Figures, Permissions,

etc.) NIHCover Sheet.pdf

NIH Publishing Agreement & Manuscript Cover Sheet

By signing this Cover Sheet, the Author, on behalf of NIH, agrees to the provisions set out below, which modify and supersede,
solely with respect to NIH, any conflicting provisions that are in the Publisher’s standard copyright agreement (the “Publisher’s
Agreement”). If a Publisher’s Agreement is attached, execution of this Cover Sheet constitutes an execution of the Publisher’s
Agreement, subject to the provisions and conditions of this Cover Sheet.

1.

2.

Indemnification. No Indemnification or “hold harmless” obligation is provided by either party.
Governing Law. This agreement will be governed by the law of the court in which a claim is brought.

Copyright. Author’s contribution to the Work was done as part of the Author’s official duties as a NIH employee and
is a Work of the United States Government. Therefore, copyright may not be established in the United States. 17
U.S.C. § 105. If Publisher intends to disseminate the Work outside of the U.S., Publisher may secure copyright to the
extent authorized under the domestic laws of the relevant country, subject to a paid-up, nonexclusive, irrevocable
worldwide license to the United States in such copyrighted work to reproduce, prepare derivative works, distribute
copies to the public and perform publicly and display publicly the work, and to permit others to do so.

No Compensation. No royalty income or other compensation may be accepted for work done as part of official duties.
The author may accept for the agency a limited number of reprints or copies of the publication.

NIH Representations. NIH represents to the Publisher that the Author is the sole author of the Author’s contribution
to the Work and that NIH is the owner of the rights that are the subject of this agreement; that the Work is an original
work and has not previously been published in any form anywhere in the world; that to the best of NIH’s knowledge
the Work is not a violation of any existing copyright, moral right, database right, or of any right of privacy or other
intellectual property, personal, proprietary or statutory right; that where the Author is responsible for obtaining
permissions or assisting the Publishers in obtaining permissions for the use of third party material, all relevant
permissions and information have been secured; and that the Work contains nothing misleading, obscene, libelous or
defamatory or otherwise unlawful. NIH agrees to reasonable instructions or requirements regarding submission
procedures or author communications, and reasonable ethics or conflict of interest disclosure requirements unless they
conflict with the provisions of this Cover Sheet.

Disclaimer. NIH and the Author expressly disclaim any obligation in Publisher’s Agreement that is not consistent with
the Author’s official duties or the NIH mission, described at http://www.nih.gov/about/. NIH and the Author do not
disclaim obligations to comply with a Publisher's conflict of interest policy so long as, and to the extent that, such
policy is consistent with NIH's own conflict of interest policies.

For Peer-Reviewed Papers to be Submitted to PubMed Central. The Author is a US government employee who
must comply with the NIH Public Access Policy, and the Author or NIH will deposit, or have deposited, in NIH’s
PubMed Central archive, an electronic version of the final, peer-reviewed manuscript upon acceptance for publication,
to be made publicly available no later than 12 months after the official date of publication. The Author and NIH agree
(notwithstanding Paragraph 3 above) to follow the manuscript deposition procedures (including the relevant embargo
period, if any) of the publisher so long as they are consistent with the NIH Public Access Policy.

Modifications. PubMed Central may tag or modify the work consistent with its customary practices and with the
meaning and integrity of the underlying work.

The NIH Deputy Director for Intramural Research, Michael Gottesman, M.D., approves this publishing agreement and
maintains a single, signed copy of this text for all works published by NIH employees, and contractors and trainees who
are working at the NIH. No additional signature from Dr. Gottesman is needed.

Rachel Michelle Sare

Author’s name:

Author’s Institute or Center: Check if Publisher’ Agreement is attached

Name of manuscript/work:

Name of publication:

NIMH

Chronic Sleep Restriction in Mouse Pups By Means of Gentle Handling

JoVE

5/3/18

Rrched Wechele Sare

Author’s signature Date

NIH OGC August 2008


http://www.editorialmanager.com/jove/download.aspx?id=827612&guid=13f1713e-14eb-4b39-98b0-acdfe64e9cd6&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=827612&guid=13f1713e-14eb-4b39-98b0-acdfe64e9cd6&scheme=1

Copyright Permission
5/2/2018

This Agreement between Dr. Rachel Sare -- Rachel Sare ("You") and Elsevier ("Elsevier")

Click here to download Supplemental File (Figures, Permissions,
Rightstfiak) Hrilgenieriédogey/right Printable License.pdf

ELSEVIER LICENSE
TERMS AND CONDITIONS

May 02, 2018

consists of your license details and the terms and conditions provided by Elsevier and
Copyright Clearance Center.

License Number
License date

Licensed Content Publisher

Licensed Content Publication

Licensed Content Title

Licensed Content Author

Licensed Content Date
Licensed Content Volume
Licensed Content Issue
Licensed Content Pages
Start Page

End Page

Type of Use

Requestor type

Intended publisher of new
work

Portion

Number of
figures/tables/illustrations

Format

Are you the author of this
Elsevier article?

Will you be translating?
Original figure numbers
Title of the article
Publication new article is in
Publisher of the new article
Author of new article

Expected publication date

Estimated size of new article

(number of pages)

Requestor Location

4294331473959

Feb 22, 2018

Elsevier

Physiology & Behavior

Chronic sleep restriction during development can lead to long-
lasting behavioral effects

R. Michelle Saré,Merlin Levine,Christine Hildreth,Dante
Picchioni,Carolyn Beebe Smith

Mar 1, 2016

155

n/a

10

208

217

reuse in a journal/magazine
author of new work

Other

figures/tables/illustrations

1

electronic

Yes

No

Figure 5

Chronic Sleep Restriction in Mouse Pups Using Gentle Handling
Journal of Visualized Experiments

Other

Abigail Lemons, R Michelle Sare, Carolyn Beebe Smith

Apr 2018

4

Dr. Rachel Sare
BG 10-CRC RM 2D54
10 CENTER DR

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=87892161-cc51-4742-95d8-b850e45a0a3e

1/6


http://www.editorialmanager.com/jove/download.aspx?id=827613&guid=32aff782-8f07-4d50-be38-f300b5142a2a&scheme=1
http://www.editorialmanager.com/jove/download.aspx?id=827613&guid=32aff782-8f07-4d50-be38-f300b5142a2a&scheme=1

5/2/2018 RightsLink Printable License

BETHESDA, MD 20892
United States
Attn: Dr. Rachel Sare

Publisher Tax ID 98-0397604
Total 0.00 USD

Terms and Conditions

INTRODUCTION

1. The publisher for this copyrighted material is Elsevier. By clicking "accept" in connection
with completing this licensing transaction, you agree that the following terms and conditions
apply to this transaction (along with the Billing and Payment terms and conditions
established by Copyright Clearance Center, Inc. ("CCC"), at the time that you opened your
Rightslink account and that are available at any time at http://myaccount.copyright.com).

GENERAL TERMS
2. Elsevier hereby grants you permission to reproduce the aforementioned material subject to
the terms and conditions indicated.
3. Acknowledgement: If any part of the material to be used (for example, figures) has
appeared in our publication with credit or acknowledgement to another source, permission
must also be sought from that source. If such permission is not obtained then that material
may not be included in your publication/copies. Suitable acknowledgement to the source
must be made, either as a footnote or in a reference list at the end of your publication, as
follows:
"Reprinted from Publication title, Vol /edition number, Author(s), Title of article / title of
chapter, Pages No., Copyright (Year), with permission from Elsevier [OR APPLICABLE
SOCIETY COPYRIGHT OWNER]." Also Lancet special credit - "Reprinted from The
Lancet, Vol. number, Author(s), Title of article, Pages No., Copyright (Year), with
permission from Elsevier."
4. Reproduction of this material is confined to the purpose and/or media for which
permission is hereby given.
5. Altering/Modifying Material: Not Permitted. However figures and illustrations may be
altered/adapted minimally to serve your work. Any other abbreviations, additions, deletions
and/or any other alterations shall be made only with prior written authorization of Elsevier
Ltd. (Please contact Elsevier at permissions@elsevier.com). No modifications can be made
to any Lancet figures/tables and they must be reproduced in full.
6. If the permission fee for the requested use of our material is waived in this instance,
please be advised that your future requests for Elsevier materials may attract a fee.
7. Reservation of Rights: Publisher reserves all rights not specifically granted in the
combination of (i) the license details provided by you and accepted in the course of this
licensing transaction, (ii) these terms and conditions and (iii) CCC's Billing and Payment
terms and conditions.
8. License Contingent Upon Payment: While you may exercise the rights licensed
immediately upon issuance of the license at the end of the licensing process for the
transaction, provided that you have disclosed complete and accurate details of your proposed
use, no license is finally effective unless and until full payment is received from you (either
by publisher or by CCC) as provided in CCC's Billing and Payment terms and conditions. If
full payment is not received on a timely basis, then any license preliminarily granted shall be
deemed automatically revoked and shall be void as if never granted. Further, in the event
that you breach any of these terms and conditions or any of CCC's Billing and Payment
terms and conditions, the license is automatically revoked and shall be void as if never
granted. Use of materials as described in a revoked license, as well as any use of the
materials beyond the scope of an unrevoked license, may constitute copyright infringement
and publisher reserves the right to take any and all action to protect its copyright in the
materials.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=87892161-cc51-4742-95d8-b850e45a0a3e 2/6



5/2/2018 RightsLink Printable License

9. Warranties: Publisher makes no representations or warranties with respect to the licensed
material.
10. Indemnity: You hereby indemnify and agree to hold harmless publisher and CCC, and
their respective officers, directors, employees and agents, from and against any and all
claims arising out of your use of the licensed material other than as specifically authorized
pursuant to this license.
11. No Transfer of License: This license is personal to you and may not be sublicensed,
assigned, or transferred by you to any other person without publisher's written permission.
12. No Amendment Except in Writing: This license may not be amended except in a writing
signed by both parties (or, in the case of publisher, by CCC on publisher's behalf).
13. Objection to Contrary Terms: Publisher hereby objects to any terms contained in any
purchase order, acknowledgment, check endorsement or other writing prepared by you,
which terms are inconsistent with these terms and conditions or CCC's Billing and Payment
terms and conditions. These terms and conditions, together with CCC's Billing and Payment
terms and conditions (which are incorporated herein), comprise the entire agreement
between you and publisher (and CCC) concerning this licensing transaction. In the event of
any conflict between your obligations established by these terms and conditions and those
established by CCC's Billing and Payment terms and conditions, these terms and conditions
shall control.
14. Revocation: Elsevier or Copyright Clearance Center may deny the permissions described
in this License at their sole discretion, for any reason or no reason, with a full refund payable
to you. Notice of such denial will be made using the contact information provided by you.
Failure to receive such notice will not alter or invalidate the denial. In no event will Elsevier
or Copyright Clearance Center be responsible or liable for any costs, expenses or damage
incurred by you as a result of a denial of your permission request, other than a refund of the
amount(s) paid by you to Elsevier and/or Copyright Clearance Center for denied
permissions.

LIMITED LICENSE
The following terms and conditions apply only to specific license types:
15. Translation: This permission is granted for non-exclusive world English rights only
unless your license was granted for translation rights. If you licensed translation rights you
may only translate this content into the languages you requested. A professional translator
must perform all translations and reproduce the content word for word preserving the
integrity of the article.
16. Posting licensed content on any Website: The following terms and conditions apply as
follows: Licensing material from an Elsevier journal: All content posted to the web site must
maintain the copyright information line on the bottom of each image; A hyper-text must be
included to the Homepage of the journal from which you are licensing at
http://www.sciencedirect.com/science/journal/xxxxx or the Elsevier homepage for books at
http://www.elsevier.com; Central Storage: This license does not include permission for a
scanned version of the material to be stored in a central repository such as that provided by
Heron/XanEdu.
Licensing material from an Elsevier book: A hyper-text link must be included to the Elsevier
homepage at http://www.elsevier.com . All content posted to the web site must maintain the
copyright information line on the bottom of each image.

Posting licensed content on Electronic reserve: In addition to the above the following
clauses are applicable: The web site must be password-protected and made available only to
bona fide students registered on a relevant course. This permission is granted for 1 year only.
You may obtain a new license for future website posting.

17. For journal authors: the following clauses are applicable in addition to the above:
Preprints:

A preprint is an author's own write-up of research results and analysis, it has not been peer-
reviewed, nor has it had any other value added to it by a publisher (such as formatting,

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=87892161-cc51-4742-95d8-b850e45a0a3e 3/6



5/2/2018 RightsLink Printable License

copyright, technical enhancement etc.).

Authors can share their preprints anywhere at any time. Preprints should not be added to or
enhanced in any way in order to appear more like, or to substitute for, the final versions of
articles however authors can update their preprints on arXiv or RePEc with their Accepted
Author Manuscript (see below).

If accepted for publication, we encourage authors to link from the preprint to their formal
publication via its DOI. Millions of researchers have access to the formal publications on
ScienceDirect, and so links will help users to find, access, cite and use the best available
version. Please note that Cell Press, The Lancet and some society-owned have different
preprint policies. Information on these policies is available on the journal homepage.
Accepted Author Manuscripts: An accepted author manuscript is the manuscript of an
article that has been accepted for publication and which typically includes author-
incorporated changes suggested during submission, peer review and editor-author
communications.

Authors can share their accepted author manuscript:

e immediately
o via their non-commercial person homepage or blog
o by updating a preprint in arXiv or RePEc with the accepted manuscript
o via their research institute or institutional repository for internal institutional
uses or as part of an invitation-only research collaboration work-group
o directly by providing copies to their students or to research collaborators for
their personal use
o for private scholarly sharing as part of an invitation-only work group on
commercial sites with which Elsevier has an agreement
e After the embargo period
o via non-commercial hosting platforms such as their institutional repository
o via commercial sites with which Elsevier has an agreement

In all cases accepted manuscripts should:

¢ link to the formal publication via its DOI

e bear a CC-BY-NC-ND license - this is easy to do

 if aggregated with other manuscripts, for example in a repository or other site, be
shared in alignment with our hosting policy not be added to or enhanced in any way to
appear more like, or to substitute for, the published journal article.

Published journal article (JPA): A published journal article (PJA) is the definitive final
record of published research that appears or will appear in the journal and embodies all
value-adding publishing activities including peer review co-ordination, copy-editing,
formatting, (if relevant) pagination and online enrichment.

Policies for sharing publishing journal articles differ for subscription and gold open access
articles:

Subscription Articles: If you are an author, please share a link to your article rather than the
full-text. Millions of researchers have access to the formal publications on ScienceDirect,
and so links will help your users to find, access, cite, and use the best available version.
Theses and dissertations which contain embedded PJAs as part of the formal submission can
be posted publicly by the awarding institution with DOI links back to the formal
publications on ScienceDirect.

If you are affiliated with a library that subscribes to ScienceDirect you have additional
private sharing rights for others' research accessed under that agreement. This includes use
for classroom teaching and internal training at the institution (including use in course packs
and courseware programs), and inclusion of the article for grant funding purposes.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=87892161-cc51-4742-95d8-b850e45a0a3e 4/6



5/2/2018 RightsLink Printable License

Gold Open Access Articles: May be shared according to the author-selected end-user
license and should contain a CrossMark logo, the end user license, and a DOI link to the
formal publication on ScienceDirect.

Please refer to Elsevier's posting policy for further information.

18. For book authors the following clauses are applicable in addition to the above:
Authors are permitted to place a brief summary of their work online only. You are not
allowed to download and post the published electronic version of your chapter, nor may you
scan the printed edition to create an electronic version. Posting to a repository: Authors are
permitted to post a summary of their chapter only in their institution's repository.

19. Thesis/Dissertation: If your license is for use in a thesis/dissertation your thesis may be
submitted to your institution in either print or electronic form. Should your thesis be
published commercially, please reapply for permission. These requirements include
permission for the Library and Archives of Canada to supply single copies, on demand, of
the complete thesis and include permission for Proquest/UMI to supply single copies, on
demand, of the complete thesis. Should your thesis be published commercially, please
reapply for permission. Theses and dissertations which contain embedded PJAs as part of
the formal submission can be posted publicly by the awarding institution with DOI links
back to the formal publications on ScienceDirect.

Elsevier Open Access Terms and Conditions

You can publish open access with Elsevier in hundreds of open access journals or in nearly
2000 established subscription journals that support open access publishing. Permitted third
party re-use of these open access articles is defined by the author's choice of Creative
Commons user license. See our open access license policy for more information.

Terms & Conditions applicable to all Open Access articles published with Elsevier:
Any reuse of the article must not represent the author as endorsing the adaptation of the
article nor should the article be modified in such a way as to damage the author's honour or
reputation. If any changes have been made, such changes must be clearly indicated.

The author(s) must be appropriately credited and we ask that you include the end user
license and a DOI link to the formal publication on ScienceDirect.

If any part of the material to be used (for example, figures) has appeared in our publication
with credit or acknowledgement to another source it is the responsibility of the user to
ensure their reuse complies with the terms and conditions determined by the rights holder.
Additional Terms & Conditions applicable to each Creative Commons user license:
CC BY: The CC-BY license allows users to copy, to create extracts, abstracts and new
works from the Article, to alter and revise the Article and to make commercial use of the
Article (including reuse and/or resale of the Article by commercial entities), provided the
user gives appropriate credit (with a link to the formal publication through the relevant
DOI), provides a link to the license, indicates if changes were made and the licensor is not
represented as endorsing the use made of the work. The full details of the license are
available at http://creativecommons.org/licenses/by/4.0.

CC BY NC SA: The CC BY-NC-SA license allows users to copy, to create extracts,
abstracts and new works from the Article, to alter and revise the Article, provided this is not
done for commercial purposes, and that the user gives appropriate credit (with a link to the
formal publication through the relevant DOI), provides a link to the license, indicates if
changes were made and the licensor is not represented as endorsing the use made of the
work. Further, any new works must be made available on the same conditions. The full
details of the license are available at http://creativecommons.org/licenses/by-nc-sa/4.0.

CC BY NC ND: The CC BY-NC-ND license allows users to copy and distribute the Article,
provided this is not done for commercial purposes and further does not permit distribution of
the Article if it is changed or edited in any way, and provided the user gives appropriate
credit (with a link to the formal publication through the relevant DOI), provides a link to the
license, and that the licensor is not represented as endorsing the use made of the work. The
full details of the license are available at http://creativecommons.org/licenses/by-nc-nd/4.0.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=87892161-cc51-4742-95d8-b850e45a0a3e 5/6



5/2/2018 RightsLink Printable License

Any commercial reuse of Open Access articles published with a CC BY NC SA or CC BY
NC ND license requires permission from Elsevier and will be subject to a fee.
Commercial reuse includes:

Associating advertising with the full text of the Article
Charging fees for document delivery or access

Article aggregation

Systematic distribution via e-mail lists or share buttons

Posting or linking by commercial companies for use by customers of those companies.
20. Other Conditions:

v1.9

Questions? customercare@copyright.com or +1-855-239-3415 (toll free in the US) or
+1-978-646-2777.

https://s100.copyright.com/CustomerAdmin/PLF.jsp?ref=87892161-cc51-4742-95d8-b850e45a0a3e 6/6



