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29
30 SUMMARY:
31 Typically, the mouse neck injection model is used for evaluate pruritogen-induced scratch
32  behaviors. However, the model provides information only on itch, not pain. Here, a cheek
33  injection model is introduced in mice which can be used to simultaneously measure pain
34  and itch-related behaviors.
35
36 ABSTRACT:
37 Itch was defined as "an unpleasant cutaneous sensation that provokes a desire to scratch"
38 by Rothman in 1941. In mouse models, scratch bouts are typically counted to evaluate itch
39 induced by pruritogens. However, previous reports have shown that algesic substances also
40 induce scratching behaviors in a mouse neck injection model, which is the most common
41  test used for scratching behaviors. This finding makes it difficult to study itch in mice. In
42  contrast, capsaicin, a common algogen, reduced scratching behaviors in some neck injection
43  experiments. Therefore, the effect of pain on scratching behaviors remains unclear. It is thus
44  necessary to develop a method to concurrently investigate itch and pain sensation using
45  behavioral tests. Here, a cheek injection model is introduced which can be used to
46  simultaneously measure pain- and itch-related behaviors. In this model, pruritogens induce
47  scratching behaviors while algesic substances induce wiping behaviors. Using this model,
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lysophosphatidic acid (LPA), an itch mediator found in cholestatic patients with itch, is
shown to exclusively induce itch but not pain. However, in mouse models, LPA has been
reported to be both a pruritogen and an algogen. Investigation into the effects of LPA in a
mouse cheek injection model showed that LPA only induced scratching, but not wiping
behaviors. This indicates that LPA acts as a pruritogen similarly in mice and humans, and
demonstrates the utility of a cheek injection model for itch research.

INTRODUCTION:

ltch was originally characterized as a sensation which induces scratching behaviors to
remove harmful materials from the skin surface. However, itch has been the focus of
therapies for unpleasant sensations caused by many diseases such as atopic dermatitis,
neurogenic lesions, and cholestasis®. In these cases, itch is a serious unpleasant sensation
similar to pain. Therefore, itch represents an important research target. Scratching behavior
is the primary indicator of itch in animal experiments, and scratching behaviors can be
induced in mice by injecting pruritogens into the skin on their neck?3. However, a previous
study showed that capsaicin, an algogen, also induces scratching behaviors in a neck
injection model®, making it difficult to discriminate itch from pain in this model. In contrast,
it has been found that capsaicin reduced scratching behaviors in a neck injection model,
indicating that the effect of pain on scratching behaviors is complicated and depends on the
experimental conditions. Therefore, simultaneous measurements of pain and itch-related
behaviors would enable the precise analysis of pruritogens and algogens. Steven G. Shimada
and Robert H. LaMotte succeeded in simultaneous measurements of pain and itch-related
behaviors by changing the injection site from the neck to the cheek®. In the cheek injection
model, capsaicin induced wiping, but not scratching behaviors, while histamine, a
pruritogen, only induced scratching behaviors. Therefore, this model enables the
independent assessment of itch and pain, making cheek injection a useful model for itch
research. When trying to determine if a test substance is a pruritogen and/or an algogen,
this model provides more information than the neck injection model. This article describes a
practical method for performing cheek injection and counting the bouts of scratching or
wiping, and shows the utility of this method for evaluating scratching behaviors induced by
lysophosphatidic acid (LPA).

PROTOCOL:

All procedures involving the care and use of animals were approved by the institutional
Animal Care and Use Committee of the National Institute of Natural Sciences (16A074), and
carried out in accordance with the guidelines of the National Institute for Physiological
Sciences.

NOTE: The original protocol was reported by Steven G. Shimada and Robert H. LaMotte?,
and the present report describes these methods with several modifications, including the
addition of a screen to prevent the animals from seeing each other, the absence of a mirror,
the number of mice per recording, mouse strain, cage size, and recording time.

1. Cheek injection model

1.1. Experiment preparation
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1.1.1. Cage

1.1.1.1. Set four cages under a camera as shown in Figure 1. Set a screen to prevent the
mice from seeing each other. Put in each mouse to each cage and set an acrylic lid to
prevent escape of mice. Note that recordings should be performed in an environment in
which temperature, humidity and sound are controlled.

NOTE: Behaviors can also be recorded without a lid if the cage is sufficiently high.

[Place Figure 1 here]

1.1.2. Needle and syringe

1.1.2.1. Use a 29 G or 30 G needle attached to a 0.5 mL syringe for the injection of test
substances. If the test substance solution is highly viscous, larger needles are required.
However, please note that large needles pose additional physical side effects.

NOTE: A needle connected to a syringe with a polyethylene tube can be used.

1.1.3. Video camera

1.1.3.1. Use a video camera having sufficiently large frame rates (30-60 frames/s) with
relatively high resolution for the measurement of scratch bouts and wiping behaviors.

1.1.4. Software for video analysis

1.1.4.1. Use a video editing software for the video playback and analysis. Note that a fast-
forward mode and a frame-by-frame playback mode are needed for precise analysis.

1.2. Injection and recording

1.2.1. One day prior to the experiment, shave the fur on the mouse’s cheek with hair
clippers (Movie 1). Before shaving, do not restrain the mice.

NOTE: CD-1 or C57BL/6 mice were mostly used in this model*®. In this article, male 6-12-
week-old C57BL/6N mice were used. Note that sensitivity to the chemicals could be
different between the various mouse strains®7,

1.2.2. One day after shaving, move the mouse to the recording cage for 1 h to acclimatize it
to the recording conditions. If a topical application is used, apply it during this acclimation
period.

NOTE: In this report, 10 pL of 2% (w/v) diphenhydramine hydrochloride salt in saline was
topically applied 30 min prior to recording.

1.2.3. Set a video camera above the cage, and start the video recording before the test
substance injection. Inject a 10 plL solution of the test substance intradermally into the
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shaved cheek under awake conditions (Movie 2). After the injection, return the mouse to
the recording cage.

NOTE: In this report, 50 ug/10 uL histamine, 40 ug/10 pL capsaicin or vehicle (7% tween 80
in saline) were used as test substances.

1.2.4. Close the lid of the cage and continue video recording for 30 min.

NOTE: The total recording time will depend on the experimental conditions.

1.3. Behavioral analysis

1.3.1. Count scratch bouts and wiping behaviors, respectively. Mice raise a hind leg towards
the cheek and scratch several times over one or a few seconds, then put their leg down. This
series of actions is counted as one scratch bout. Scratching of other areas should not be
counted. Mice use a single foreleg for wiping and both forelegs for grooming. These actions
should be distinguished. Only wiping behaviors are counted as pain-related behaviors.
NOTE: Each action is shown in Figure 2, Movie 3, Movie 4, and Movie 5.

[Place Figure 2 here]

2. Neck injection model

2.1. Injection and recording

2.1.1. One day prior to the experiment, shave the fur on the nape of the mouse’s neck with
hair clippers after approximately 5% isoflurane inhalation for 2-3 min.

2.1.2. One day after shaving, move the mouse to the recording cage for 1 h to acclimatize it
to the recording conditions.

2.1.3. Set a video camera above the cage (Figure 1), and start the video recording before the
test substance injection. Inject a 10 uL solution of the test substance intradermally into the
shaved neck under awake conditions. After the injection, return the mouse to the recording

cage.

NOTE: In this article, 50 pg/10 pL histamine, 10 pg/10 pL or 40 pg/10 uL capsaicin, or vehicle
(7% tween 80 in saline) were used as test substances.

2.1.4. Close the lid of the cage and continue video recording for 30 min.
NOTE: Total recording time will depend on the experimental conditions.
2.2. Behavioral analysis

2.2.1. Count scratch bout behaviors. Mice raise a hind leg towards the neck and scratch
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several times over one or a few seconds, then put that leg down. This series of actions is
counted as one scratch bout. Scratching of other areas should not be counted.

NOTE: The action of scratching is similar to that in the cheek injection model, except that
the location of the scratching is shifted to the neck.

REPRESENTATIVE RESULTS:

In the neck injection model, histamine induced strong scratching behaviors (Figure 3).
Vehicle (7% tween 80 in saline) also induced scratching behaviors. A previous report showed
that detergent induced itch by histamine production from keratinocytes®. Tween 80 could
induce itch by similar mechanisms, whereas capsaicin reduced vehicle-induced scratching
behaviors, contrary to a previous report®. It is possible that mouse strain differences could
account for these different results. These findings indicate that the effect of pain on
scratching behaviors is complicated. Therefore, the simultaneous measurement of pain and
itch-related behaviors may enable the precise analysis of pruritogens and algogens. In the
cheek injection model, capsaicin did not induce scratching behaviors and only induced
wiping behaviors, which are thought to be related to pain®!! (Figure 4). Capsaicin injection
also increased grooming behaviors (data not shown). Following injection into the cheek,
histamine mainly induced scratching behaviors with weak wiping behaviors. The application
of an anti-histamine reagent, diphenhydramine, inhibited scratching. This result suggests
that histamine-induced scratching behaviors are caused by the action of histamine on
histamine receptors. Here, as an example, the effects of LPA in the cheek injection model
are shown (Figure 5). LPA is an itch mediator found in cholestatic patients with itch.
However, in mouse models, LPA was reported as both a pruritogen and an algogen®?>,
Therefore, the effects of LPA were investigated in a cheek injection model and results
showed that LPA induced scratching, but not wiping behaviors. This indicates that LPA is a
pruritogen, but not an algogen, in mice similar to its effects in humans.

FIGURE LEGENDS:

Figure 1: Video camera and cage set-up. Four acrylic cages with acrylic lids, for preventing
escape of the mice, and a screen for preventing contagious itch are used.

Figure 2: Typical mouse activity during recording. Panels A-C are illustrations representing
wiping behavior with the right foreleg (A), scratching behavior with the right hind leg (B)
and grooming behavior with both forelegs (C). Mice raise a hind leg towards the cheek and
scratch several times over one or a few seconds, then put that leg down. This series of
actions is counted as one scratch bout. Scratching of other areas should not be counted.
Mice use a single foreleg for wiping and both forelegs for grooming. These actions should be
distinguished. Only wiping behaviors are counted as pain-related behaviors.

Figure 3: Effects of histamine and capsaicin in the neck injection model. (A) Scratching
behaviors induced by the injection of vehicle (7% tween 80 in saline, open square),
histamine (50 pg/10 uL per site, filled circles) or capsaicin (10 pg/10 uL per site, open
triangle; 40 pug/10 ulL per site, filled triangle) into the neck were assessed every 5 min for a
total of 30 min. (B) Quantitative analysis of the scratching behaviors during the 30 min
period in panel A. *xP < 0.01 by ANOVA followed by Bonferroni correction. Data are shown
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as the mean + SEM (n = 6-8).

Figure 4: Effects of a pruritogen and an algogen in the cheek injection model. Wiping (A)
and scratching (B) behaviors induced by injection of vehicle (7% tween 80 in saline, open
square), histamine (50 pg/10 uL per site, filled circles) or capsaicin (40 ug/10 pL per site,
filled triangle) into the right cheek of mice were assessed every 5 min for a total of 30 min.
The group shown as open circles was treated with 10 uL of 2% (w/v) diphenhydramine
hydrochloride salt (DHHCL) percutaneously 30 min prior to histamine injection (50 pug/10 uL
per site). DHHCl was dissolved in saline. Quantitative analysis of the wiping (C) and
scratching (D) behaviors during the 30 min period in panels A and B; n = 8 animals per
group. *P < 0.05, *»*P < 0.01 by ANOVA followed by Bonferroni correction. Data are shown
as the mean £ SEM.

Figure 5: LPA induces scratching, but not wiping behaviors in the cheek injection model.
Scratching (A) and wiping (B) behaviors induced by injection of vehicle (saline, open
squares) or LPA (100 nmol/10 pL per site, filled circles) into the right cheek of mice were
assessed every 5 min for a total of 30 min. Quantitative analysis of the scratching (C) and
wiping (D) behaviors during the 30 min period in panels A and B; n = 17 for vehicle and n =
20 for LPA. *P < 0.05, **P < 0.01 by Welch’s t test. Data are shown as the mean + SEM. This
figure has been modified from Kittaka et al.>.

Movie 1: Movie demonstrating how to shave a mouse cheek.

Movie 2: Movie demonstrating the injection into a mouse cheek.

Movie 3: Movie demonstrating typical wiping behavior. This movie is shown at 25% speed.
Movie 4: Movie of typical scratching behavior.

Movie 5: Movie of typical grooming behavior. This movie is shown at 25% speed.

DISCUSSION:
In this article, a cheek injection model is introduced and shown to be useful for the analysis
of pain and itch-related behaviors.

A previous report showed that algesic substances induce scratching behaviors in a mouse
neck injection model® In contrast, capsaicin reduced scratch behaviors in other neck
injection experiments (Figure 3). Therefore, the effect of pain on scratching behavior
remains unclear. It is thus necessary to develop a method to concurrently investigate pain
and itch through behavioral tests. By using a cheek injection model, the effect of a
substance on both pain and itch can be evaluated.

It has previously been reported that intracellular LPA directly activates TRPV1 and TRPA1 as
a mechanism of LPA-induced itch®. Accordingly, LPA-induced itch could be histamine
independent. A previous study also showed that a cheek injection model can be used for the
evaluation of histamine-independent itch!®. Therefore, this model can be used for both
histamine-dependent and -independent itch.
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One of the critical steps in this experiment is the injection. Because this is an acute
behavioral test, anesthesia cannot be used in the injection step as it might affect these
behaviors. Therefore, the mouse needs to be held securely in order to perform a precise
injection. When the hold on the animal is not secure, especially when injecting strong
algogens, the mice may struggle, leading to an inaccurate injection volume and depth,
followed by difficulty in interpreting the results. When handling a mouse, pull the skin on
the nape between the thumb and forefinger to inhibit movement of the mouse.

Another critical step is the behavioral analysis. Because scratching is very rapid, the video
needs to be watched carefully. Moreover, wiping can be difficult to distinguish from
grooming. Therefore, the use of positive control chemicals such as capsaicin is
recommended during the first experiment. Recording and replay conditions can also affect
counting of both behaviors. If it is difficult to clearly observe the behaviors, mirrors can be
used around the cages to enhance the viewing angles®.

It should be noted that the cheek injection model may show reduced quantitative accuracy
for the tested chemicals than in the neck injection model. As shown in Figure 3 and Figure 4,
the same amount of histamine induced more scratching behaviors in the neck model than in
the cheek model, and showed smaller variation in the neck injection model. Once a tested
substance has been shown to be a pruritogen with low algesic effects with the cheek
injection model, the neck injection model is recommended for additional quantitative
analysis. Even with these limitations, the cheek injection model is useful for the precise
evaluation of test substances, especially in the field of itch research.
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capsaicin

diphenhydramine hydrochloride
histamine
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Apple
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | M anle ) toctivn model or- simulianeoud

Author(s):

mepsumiment of pam ard toh- related pelasons

Jie Yamanod, Hivok! Kiftaka, Makoty Tomivage)
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ltem 1: The Author elects to have the Materials be made available (as described at

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

Item 2: Please select one of the following items:

m Open Access

The Author is NOT a United States government employee.

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

nd/3.0/legalcode; “Derivative Work” means a work based
upon the Materials or upon the Materials and other pre-
existing works, such as a translation, musical arrangement,
dramatization, fictionalization, motion picture version,
sound recording, art reproduction, abridgment,
condensation, or any other form in which the Materials may
be recast, transformed, or adapted; “Institution” means
the institution, listed on the last page of this Agreement, by
which the Author was employed at the time of the creation
of the Materials; “JoVE” means Mylove Corporation, a
Massachusetts corporation and the publisher of The Journal
of Visualized Experiments; “Materials” means the Article
and / or the Video; “Parties” means the Author and JoVE;
“Video” means any video(s) made by the Author, alone or
in conjunction with any other parties, or by JoVE or its
affiliates or agents, individually or in collaboration with the
Author or any other parties, incorporating all or any portion

of the Article, and in which the Author may or may not
appear.

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

3. Grant of Rights in Article. In consideration of JoVE
agreeing to publish the Article, the Author hereby grants to
JoVE, subject to Sections 4 and 7 below, the exclusive,
royalty-free, perpetual (for the full term of copyright in the
Article, including any extensions thereto) license (a) to
publish, reproduce, distribute, display and store the Article
in all forms, formats and media whether now known or
hereafter developed (including without limitation in print,
digital and electronic form) throughout the world, (b) to
translate the Article into other languages, create
adaptations, summaries or extracts of the Article or other
Derivative Works (including, without limitation, the Video)
or Collective Works based on all or any portion of the Article
and exercise all of the rights set forth in (a) above in such
translations, adaptations, summaries, extracts, Derivative
Woaorks or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

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

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

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

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

11. JoVE Discretion. If the Author requests the
assistance of JOVE in producing the Video in the Author's
facility, the Author shall ensure that the presence of JoVE
employees, agents or independent contractors is in
accordance with the relevant regulations of the Author's
institution. If more than one author is listed at the
beginning of this Agreement, JOVE may, in its sole
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JoVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author’s institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a US51,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

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

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

CORRESPONDING AUTHOR

Name:

Makoto  Tom )raga

Department:

Division of el S)c?/za/ e

Institution:

Notional Institute o /Z%C/&b/oé’/‘mf Sclenced

Title: /QOyéS“.S“O)A’

Signature:

Wbets Somanepan|

Date: /L&.,/4(‘ﬁ’ _20/?
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Fax the document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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Dear Editor,

Thank you for the comments on our manuscript. The comments from you were helpful to
improve our manuscript.

We responded to the comments one by one, and revised our manuscript accordingly.
The changed parts were shown in red in the re-revised manuscript.

The response to each comment were provided below.
I hope that the revised manuscript would be suitable for publication in JOVE.

Sincerely,

Makoto Tominaga

Responses

1. Please note that the editor has formatted the manuscript to match the journal's style.
Please retain the same. The updated manuscript is attached and please use this version to
incorporate the changes that are requested.

Response: We have modified our revised manuscript based on the formatted
manuscript.

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

3. Please revise the Protocol to contain only action items that direct the reader to do
something (e.g., “Do this,” “Ensure that,” etc.). The actions should be described in the
imperative tense in complete sentences wherever possible. Avoid usage of phrases such
as “could be,” “should be,” and “would be” throughout the Protocol. Any text that cannot
be written in the imperative tense may be added as a “NOTE.”

Response: As suggested, we have modified the protocol section accordingly.

*
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4. Please refer animated figures as “Movie” and update the numbering of figures and
movies throughout the manuscript text.
Response: As suggested, we have modified the numbering of figures and movies.

5. Please address specific comments marked in the attached manuscript.
Lines 29-34: Please shorten it to no more than 50 words.
Response: We have modified the summary.

Lines 68-70: Please provide a reference. Probably reference 4?
Response: Thank you for your suggestion. We have added the reference number.

Lines 98-103: Please describe how to set up the camera and cage in the imperative tense.
Response: We have added the information.

Lines 94-119: The Protocol should contain only action items that direct the reader to do
something. Please either write the text in the imperative tense as if telling someone how
to do the technique (e.g., “Do this,” “Ensure that,” etc.), or move the material and
equipment information to the Table of Materials. Please see some suggestions below.
Response: As suggested, we have modified the protocol section accordingly.

Lines 124: 1t would be appropriate to include 1.1.1 as a NOTE under this step.
Response: Thank you for your suggestion. We have moved 1.1.1 to this step as a
NOTE.

Lines 134: Can this be removed as the same was mentioned in line 98?
Lines 136: Can this be removed as step 1.2.2 describes acclimation already?
Lines 160-165: These sections may be removed.

Response: As suggested, we have removed these parts.

Lines 170: Please add a step describing how anesthesia is done, specifying the isoflurane
concentration and mentioning how proper anesthetization is confirmed.

Response: Thank you for your suggestion. We have added more information about
anesthesia.

Lines 223: Please change this to: Movie 1: Movie demonstrating how to shave a mouse



cheek.

Lines 225: Please change this to: Movie 2: Movie demonstrating the injection into a
mouse cheek.

Lines 227: Please update figure numbering. Should be Figure 2.

Lines 235-241: Please change this to: Movie 3 Movie 4 Movie 5

Lines 243: Please update figure numbering. Should be Figure 3.

Lines 251: Please update figure numbering. Should be Figure 4.

Lines 262: Please update figure numbering. Should be Figure 5.

Response: As suggested, we have modified the numbering of figures and movies.



