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ABSTRACT

Massage is generally recognized to be beneficial for relieving pain and inflammation.
Although previous studies have reported anti-inflammatory effects of massage on
skeletal muscles, the molecular mechanisms behind are poorly understood. We have
recently developed a simple device to apply local cyclical compression (LCC), which
can generate intramuscular pressure waves with varying amplitudes. Using this device,
we have demonstrated that LCC modulates inflammatory responses of macrophages
in situ and alleviates immobilization-induced muscle atrophy. Here, we describe
protocols for the optimization and application of LCC as a massage-like intervention
against immobilization-induced inflammation and atrophy of skeletal muscles of
mouse hindlimbs. The protocol that we have developed can be useful for investigating
the mechanism underlying beneficial effects of physical exercise and massage. Our
experimental system provides a prototype of the analytical approach to elucidate the
mechanical regulation of muscle homeostasis, although further development needs
to be made for more comprehensive studies.

INTRODUCTION

Massage is generally recognized to be beneficial for both pain relief and improvement
of the physical performance among competitive athletes and non-athletes alike2. In
fact, previous studies have shown that massage suppresses local inflammation® and
prompts recovery from the post-exercise muscle damage*°. Molecular mechanisms
underlying the beneficial effects of massage remain largely unknown.

One of the difficulties with the mechanistic investigation on massage relates to the
reproducibility of experimental techniques by which massage-like interventions are
tested. In previous studies, experimental procedures that mimic massage mostly
involve the application of physical interventions using practitioners’ body parts, such
as palms and fingers®®. This makes it is difficult to precisely reproduce their magnitude,
frequency, duration, and mode.

Many devices have been developed to apply defined mechanical loads to the target
tissues. For example, Zeng et al. have developed a pneumatic system for the length-
wise mechanical loading to rats’ hindlimbs® and Wang et al. have developed a
mechatronic device that can apply massage-like mechanical loads to hindlimbs of rats
and rabbits with real-time feedback control'®. Compared to them, our local cyclical
compression (LCC) system is much simpler, demanding far less cost for construction.
Nonetheless, we can reproduce the intramuscular pressure changes that are
generated during the mild muscle contraction. Using this device, we have successfully
demonstrated that the massage-like mechanical interventions modulate local
interstitial fluid dynamics and alleviate immobilization-induced muscle atrophy*.

Here, we describe the details of our device and the protocol, which may help explore
the molecular mechanisms behind the positive effects of exercises and massages. The

schematics of the protocol is presented as Supplementary Figure 1.

PROTOCOL
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All animal experiments were conducted under the approval by the Institutional Animal
Care and Use Committee of the National Rehabilitation Center for Persons with
Disabilities.

1. Immobilization of the mouse bilateral hindlimbs

NOTE: Male C57BL/6 mice were used for experiments at the age of 11 - 12 weeks after
acclimation for at least 7 days.

1.1. Adequately anesthetize a mouse using sodium pentobarbital (50 mg/kg i.p.).
Make sure that mice do not respond to a hindlimb toe pinch.

NOTE: Conduct the procedure of immobilization between 10 a.m. and 7 p.m. to
minimize the possible effects on the feeding activity of mice.

1.2. Apply surgical tapes to the bilateral hindlimbs of the mouse laid in a supine
position with the knee joints extended and ankle joints plantar-flexed.

1.3. Place an aluminum wire (see Table of Materials) on the trunk at L4-5 spine level
and coil the wire in a spiral configuration around the hindlimbs with 5 mm gaps
between each turn of the spiral layer (Figure 1A). Make sure not to coil the wire too
tightly and avoid disturbing the local blood flow.

1.4. To minimize the possibility of escape from wiring, immobilize the hip joints at the
position of 90° abduction by manually adjusting the configuration of aluminum wire.

1.5 Return the mice to their original cages. 3 h later, make sure that they recover from
anesthesia and access to food and water as usual.

1.6. House 3 - 6 immobilized mice per cage as before immobilization.
2. Measurement of intramuscular pressure of mouse gastrocnemius muscles

NOTE: Several different weights of cylindrical units (36 g, 66 g, and 200 g) were tested
in the pressure-monitoring experiments combined with LCC. This measurement was
conducted separately from the experiments to analyze muscle inflammation and
atrophy (see step 3 - 5 for more details) i.e.,, the mice subjected to pressure
measurement were not used for histological analyses.

2.1. Because pressure measurement involves more invasive procedures (e.g., skin
incision and needle insertion) as compared to hindlimb wiring and LCC, use a mixture
of three anesthetic agents (medetomidine 0.75 mg/kg, midazolam 4.0 mg/kg, and
butorphanol 5.0 mg/kg). Make sure that mice do not respond to the hindlimb toe
pinch.
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2.2. Lay the mouse in a prone position, make a 2-mm incision with a scalpel on the
posterior calf after depilating with an electric shaver and semi-sterilizing the skin
surface with 70% ethanol-soaked absorbent cotton.

2.3. Insert a 20 G indwelling needle into the gastrocnemius muscle at an obtuse angle
(150° — 170°) to the skin surface.

2.4. Using the plastic sheath of the needle as a guide, place a sensor of the blood
pressure telemeter (see Table of Materials) in the mid-belly of gastrocnemius muscle.

2.5. After suturing the skin with 4-0 nylon suture, apply LCC with several different
weights of cylindrical units to the calf in the mice (see step 3 for more details), and
monitor the intramuscular pressure using software for biological signal analysis (see
Table of Materials).

2.6 Return the mice to their original cages. 3 h later, make sure that they recover from
anesthesia and have access to food and water as usual.

3. Local cyclical compression (LCC) on mouse calves

3.1. Except for the intramuscular pressure measurement and euthanizing (i.e., cervical
dislocation), use sodium pentobarbital (50 mg/kg i.p.) for anesthesia.

3.2. Disengage the mouse from hindlimb wiring and lay it in a prone position with the
knee joints extended and the ankle joints plantar-flexed so that the calves faced

upward. Do not fix the mouse hindlimbs on the stage.

3.3. Apply LCC to the calf by vertically moving a cylindrical weight unit (Figure 1B)
covered with a cushion pad (Figure 1C) at 1 Hz for 30 min per day, 7 days.

3.4. After each bout of daily LCC, re-wire the mouse hindlimbs.

4. Immunohistochemical analysis of gastrocnemius

4.1. Euthanize the mouse by cervical dislocation under adequate anesthesia using a
mixture of three anesthetic agents (medetomidine 0.75 mg/kg, midazolam 4.0 mg/kg,
and butorphanol 5.0 mg/kg).

4.2. After depilating the posterior calf surface, make a skin incision, and dissect
gastrocnemius muscles by separating from tibio-fibular bone using a surgical scissor

and quickly freeze them in an optimal cutting temperature compound solution.

4.3. Using a cryostat, prepare cryo-section samples of gastrocnemius muscles on glass
slides. Store the samples in a -80 °C freezer until analysis.

4.4. Take out the gastrocnemius cryo-section samples to be analyzed from the freezer
and dehydrate them by air drying at room temperature.

4
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4.5. Use a liquid blocker pen to draw an area that includes all the cryo-sections on the
slide. The circle will prevent the solutions from flowing off the slide.

4.6. Avoid drying of the samples by placing the slides in a tray in which a moist
environment is created with water-soaked paper cloth.

4.7. Apply 100 uL of blocking buffer (phosphate-buffered saline (PBS) containing
0.25% casein, carrier protein, and 0.015 M sodium azide) for 30 min at room
temperature.

4.8. Rinse the slides twice by incubating with PBS-T (PBS containing 0.1%
polyoxyethylene sorbitan monolaurate (see Table of Materials) for 5 min.

4.9. Apply 100 pL of primary antibody diluted with PBS on each sample, cover the tray
with a lid, and incubate overnight at room temperature.

4.10. Wash 3 times with PBS-T (5 min for each wash).

4.11. Apply 100 pL of secondary antibody diluted with PBS on each sample and
incubate for 1 h at room temperature.

NOTE: For anti-laminin staining, use Alexa Fluor 568-conjugated secondary antibody.
For anti-F4/80, anti-MCP-1, and anti-TNF-a, use Alexa Fluor 568- or 488-conjugated
secondary antibody.

4.12. Wash 3 times with PBS-T (5 min for each wash).

4.13. Apply 100 pL of DAPI solution diluted with PBS-T on each sample and incubate
for 3 min at room temperature.

4.14. Wash 3 times with PBS-T (5 min for each).

4.15. Mount the samples with mounting medium and cover them with coverslips.

5. Histo-morphometric analysis of gastrocnemius

5.1. Place the sample slides on a fluorescence microscope (see Table of Materials) and
view the samples using a 20x objective with appropriate filters (DAPI-B, 360/40 nm
for excitation and 460/50 nm for emission; GFP-B, 470/40 nm for excitation and
535/50 nm for emission; FRITC, 540/25 nm for excitation and 605/55 nm for emission.
5.2. Using the software for image analysis (see Table of Materials), measure the cross-

sectional area (CSA) of each myofiber, and count the number of F4/80-, MCP-1-, and
TNF-a-positive cells.
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NOTE: Determine CSA of each myofiber by tracing the internal margin of the basement
membrane visualized with anti-laminin-2 immunostaining.

REPRESENTATIVE RESULTS

Consistent with our previous observations'?, the CSA of gastrocnemius myofibers
were significantly decreased by hindlimb immobilization (Figures 2A,B). Furthermore,
our immunofluorescence staining analysis revealed that cells expressing MCP-1 and
TNF-a, both of which play key roles in regulating inflammatory processes!34,
significantly increased in gastrocnemius muscle tissues of immobilized hindlimbs
(MCP-1: Figures 2C,F,H; TNF-a: Figures 2D,G,l). Together with the increase in cells
positively stained with F4/80, a marker for macrophages (Figures 2C-E,H,l), hindlimb
immobilization appeared to instigate calf muscle atrophy involving local inflammatory
responses including macrophage accumulation. We then sought to examine whether
LCC, a massage-like mechanical intervention, modulated this immobilization-induced
muscle inflammation and atrophy.

Among several different LCC magnitudes that we tested by changing the weight of the
cylindrical unit, the one corresponding to 50 mmHg intramuscular pressure waves
(LCC with 66 g, Figure 3A) appeared to most efficiently alleviate the immobilization-
induced decrease in myofiber CSA and increase in macrophage accumulation in
gastrocnemius muscles (Figure 3B). Based on the results of myofiber CSA and
macrophage accumulation, we employed 66 g LCC for further studies. Notably, the
LCC-induced intramuscular pressure waves, whose peak magnitudes were dependent
on the cylindrical unit weight, were highly uniform (Figure 3A), indicating the
consistency and reproducibility of LCC as a mechanical intervention on skeletal
muscles.

LCC (1 Hz, 30 min per day, 7 days) significantly alleviated the immobilization-induced
decreases in myofiber CSA of gastrocnemius muscles (Figures 4A,B). Furthermore, LCC
partially tempered the immobilization-induced decrease in contracting force of triceps
surae muscles (Figure 4C). In addition, LCC tempered the increases in F4/80-positive,
TNF-a-positive, F4/80-, MCP-1-, and TNF-a-positive cells in gastrocnemius muscle
tissues of immobilized hindlimbs (F4/80, Figures 4D,F; MCP-1, Figures 4D,G; TNF-q,
Figures 4E,H). Collectively, LCC, which generates intramuscular pressure waves with
an amplitude of 50 mmHg, alleviated immobilization-induced muscle atrophy and
local inflammatory responses including macrophage accumulation.

FIGURE AND TABLE LEGENDS

Figure 1: Mouse bilateral hindlimb immobilization and local cyclical compression
(LCC) application. (A) Bilateral mouse hindlimbs were immobilized by spiral wiring
with the hip joints abducted, the knee joints extended, and the ankle joints plantar-
flexed. (B) LCC device. (C) Experimental set-up for LCC on the mouse calf.

Figure 2: Mouse hindlimb immobilization, which atrophies calf muscles, induces a
local inflammatory response. (A) Cross-sectional micrographicimages of anti-laminin-
2 immunofluorescence staining of gastrocnemius muscles. High magnification images
(right) refer to the areas indicated by rectangles in low magnification images (left).
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Scale bars, 100 um. (B) Immobilization induced muscle atrophy. CSA of gastrocnemius
myofibers decreased with the period of hindlimb immobilization. To quantify CSA, 100
myofibers were randomly chosen. Data are presented as means £S.D. *, P<0.05, one-
way ANOVA with post hoc Bonferroni test (n = 3 mice for each group). (C and D)
Micrographic images of anti-MCP-1 (green in C) and anti-TNF-a (green in D) and anti-
F4/80 (red) immunostaining. For merged presentation (green and red), low and high
magnification images are laid as in (A). Arrows point to double positive cells for F4/80
and MCP-1 (C) or TNF-a (D) Scale bars, 100 um. (E-I) Quantification of anti-MCP-1,
anti-TNF-a, and anti-F4/80 immunostaining. Effects of immobilization were analyzed
with reference to the period of bilateral hindlimb immobilization. Statistical analysis
was conducted with reference to the ‘Day 0’ samples (gastrocnemius muscles from
mice that were not subjected to immobilization). Data are presented as means + S.D.
*, P <0.05, one-way ANOVA with post hoc Bonferroni test (n = 3 mice for each group).
This figure has been modified with permission?®.

Figure 3: Effects of LCC with different magnitudes on immobilization-induced muscle
atrophy and inflammation response. (A) Application of different magnitudes of LCC
by changing the weight of the cylindrical unit. Scale bar, 1 s. 36-g, 66-g and 200-g
cylindrical units produced 45 mmHg, 50 mmHg and 140 mmHg intramuscular pressure
waves, respectively. (B) Comparison of the effects of LCC application to immobilized
hindlimbs with 36-g, 66-g and 200-g cylindrical units. CSA of gastrocnemius myofibers
(left) and F4/80-positive cells (right) of LCC-applied calf were quantified as relative
values to those of the control hindlimb, which was not exposed to LCC, in each mouse.
Data are presented as means + S.D. *, P < 0.05, one-way ANOVA with post hoc
Bonferroni test (n = 4 mice for each group). This figure has been modified with
permission??,

Figure 4: LCC attenuates immobilization-induced muscle atrophy and inflammatory
response. (A,B) Alleviation of immobilization-induced muscle atrophy by LCC
application. CSA of gastrocnemius myofibers (B) was analyzed as in Figure 2B. Data
are presented as means £ S.D. *, P < 0.05; **, P <0.01, one-way ANOVA with post hoc
Bonferroni test (n = 6 mice for each group). (C) The decrease in contracting force of
triceps surae muscles after immobilization and its partial restoration by LCC. Data are
presented as means + S.D. *, P < 0.05, paired Student’s t test (n = 4 mice for control,
n =5 mice for immobilization group). (D,E) Micrographic images of anti-MCP-1 (green
in D), anti-TNF-a (green in E) and anti-F4/80 (red) immunofluorescence staining of
gastrocnemius muscles of mobilized (top) and immobilized hindlimbs without
(middle) and with (bottom) LCC application are presented as in Figures 2C,D. Scale
bars, 100 um. (F-H) Quantification of anti-MCP-1, anti-TNF-a, and anti-F4/80
immunostaining. We compared calf muscles of immobilized hindlimbs with and
without LCC application. Data are presented as means + S.D. *, P < 0.05; **, P< 0.01,
one-way ANOVA with post hoc Bonferroni test (n = 6 mice for each group). This figure
has been modified with permission??.

Supplementary Figure 1: Schematic representation of experimental protocols.

DISCUSSION
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We have described a method for applying a massage-like mechanical stimulus, which
has anti-inflammatory effects. Our system has following advantages even when
compared with those reported previously. First, previous studies did not
quantitatively define the mechanical forces applied? or defined their magnitudes
based on the measurement at the body surface, but not inside the tissues®. In
contrast, we measured intramuscular pressure using a blood pressure telemeter.
Second, the simple structure of our device (Figure 1B) allowed us to construct the
system with high consistency and reproducibility (Figure 3A) at a relatively low cost.
Third, our intervention (LCC) relates to physical activity (mild muscle contraction) with
regard to intramuscular pressure changes (50 mmHg*®). Our approach will provide a
scientific basis for massage-like intervention as a possible therapeutic/preventative
procedure that lessens the demerit of physical inactivity?'®.

The most critical step in our protocol is the positioning of mouse hindlimbs (Protocol
step 3.3). We need to apply LCC in the direction perpendicular to calf muscles;
otherwise, muscle tissues will be partly squeezed and damaged even when the 66-g
cylindrical unit is used.

The limitation of the LCC method includes the requirement of anesthesia, which may
have some effects on muscle metabolism. Also, we cannot entirely preclude the
influences of tiny muscle contraction that may be caused as a reflex to sharp impacts
during LCC application.

In conclusion, we have demonstrated that interstitial fluid movement mediates the
LCC effects!!. We may be able to induce interstitial flow more efficiently by modifying
the mode of cyclical compression. For example, compression of sinusoidal mode may
be better as compared to sharp strokes used in our current study.
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Name of Material/ Equipment Company Catalog Number
Aluminum wire DAISO JAPAN B028
Blood pressure telemeter Millar SPR-671
DAPI Thermo Fisher Scientific D1306
Goat anti-rabbit Alexa Fluor 488 (Dilution ratio, 1:500) Invitrogen A11034
Goat anti-rat Alexa Fluor 568 (Dilution ratio, 1:500)) Invitrogen A11077
Image) NIH N/A
LabChart8 ADInstrumens
Prolong gold Thermo Fisher Scientific P36930
Protein Block Serum-Free Dako X090930-2
Rat monoclonal anti-laminin-2 antibody (Dilution ratio, 1:1000) Sigma Aldrich L0663

Rat monoclonal anti-F4/80 antibody (Dilution ratio, 1:500) Abcam ab6640
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Rabbit polyclonal anti-MCP-1 antibody (Dilution ratio, 1:1000) Abcam ab25124

Rabbit polyclonal anti-TNF-a antibody (Dilution ratio, 1:1000) Abcam ab66579
Surgical tape 3M Japan 1530EP-0



Comments/Description
An aluminum wire is used to avoid escaping restriction by the wire
A blood pressure telemeter is used to mesure intramuscular pressure.

DAPI is a fluorescent
probe which is commonly
used to stain DNA for
fluorescent microscopy.
Antibody for
immunohistochemical
staining.

Antibody for
immunohistochemical
staining.

Analysis software for
image

Analysis software for acquiring biological signals.

Prolong gold is for mounting stained samples.

For blocking non-specific
background staining in
immunohistochemical
procedures.

Antibody for
immunohistochemical
staining.

Antibody for
immunohistochemical
staining.



Antibody for

immunohistochemical

staining.

Antibody for

immunohistochemical

staining.

Surgical tape is used to restrict joint movement.
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ARTICLE AND VIDEO LICENSE AGREEMENT

Title of Article: | protocols for applying consistent massage-like perturbations on mouse
calves and monitoring their resulting intramuscular pressure changes

Author(s):

Naoyoshi Sakitani, Takahiro Maekawa, Kumiko Saitou, Shuhei Murase, Masakuni Tokunaga,
Keisuke Sawada, Atsushi Takashima, Motoshi Nagao, Toru Ogata, Yasuhiro Sawada

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

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

|Z| Standard Access

Item 2: Please select one of the following items:

D Open Access

|Z|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.

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

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

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
Works or Collective Works and(c) to license others to do any
or all of the above. The foregoing rights may be exercised in
all media and formats, whether now known or hereafter
devised, and include the right to make such modifications
as are technically necessary to exercise the rights in other
media and formats. If the “Open Access” box has been
checked in Item 1 above, JoVE and the Author hereby grant
to the public all such rights in the Article as provided in, but
subject to all limitations and requirements set forth in, the
CRC License.

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.
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4, Retention of Rights in Article. Notwithstanding
the exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in
each case provided that a link to the Article on the JoVE
website is provided and notice of JoVE’s copyright in the
Article is included. All non-copyright intellectual property
rights in and to the Article, such as patent rights, shall
remain with the Author.

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

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

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

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

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

612542.6  For questions, please contact us at submissions@jove.com or +1.617.945.9051.



jove

VISUALIZED IMEN

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

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

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

CORRESPONDING AUTHOR
Name:
Yasuhiro Sawada
Department:
Department of Clinical Research
Institution: National Rehabilitation Center for Persons with Disabilities
Title: M. D., Ph. D.
Signature: Yasuhiro Sawada Date: April 12, 2019

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. Faxthe document to +1.866.381.2236

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

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

Comment 1

Please expand the Introduction to include all of the following with more citations.

a) A clear statement of the overall goal of this method

b) The rationale behind the development and/or use of this technique

¢) The advantages over alternative techniques with applicable references to previous
studies

d) A description of the context of the technique in the wider body of literature

e) Information to help readers to determine whether the method is appropriate for their

application

Response 1
We have revised the Introduction accordingly (page 3, lines 114 - 116 in our revised

manuscript).

Comment 2 and 3
Citations? Please number the citations in order. So 5 should be followed by 6, 7, 8.

Presently. 6-8 are missing.

Response 2 and 3
By a careless mistake, we have deleted citation numbers (6 - 8) from our revised

manuscript. We have added the citation numbers in the latest version of our manuscript.

Comment 4
Presently the protocol steps are lacking connection between the individual sections
(from 1-2 and 2-3 and 3-4). Please bring out this clarity. Maybe including a timeline to

show at what time which step is performed may help?

Response 4

*


https://www.editorialmanager.com/jove/download.aspx?id=1032137&guid=8ab66fea-dd2a-431f-80ab-50bdba68f5c0&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1032137&guid=8ab66fea-dd2a-431f-80ab-50bdba68f5c0&scheme=1

We have added Supplementary Figure 1 to clarify the connection between the individual

sections.

Comment 5

How is the mouse placed in this case?

Response 5
The mouse was laid in a supine position (page 4, lines 141 - 142 in our revised

manuscript).

Comment 6

Any specifics of the wire to be used?

Response 6
The relevant information is given in Table of Materials. We have clarified this in the

Protocol section (page 4, line 145).

Comment 7
Do you perform surgery to do the same? Also in the figure there seem to be something

else present along with the wire, please comment on the same.

Response 7
No surgical or other invasive procedures were involved in the wiring process. The white
material seen beneath the wire (Figure 1A) is the surgical tape used to ease the handling

of the hindlimbs. We have added this information in Figure 1A of our revised manuscript.

Comment &

How is this done?

Response 8

We manually adjusted the configuration of aluminum wire (page 4, lines 150 - 152).

Comment 9



Please comment on post anesthesia steps as well. Do you leave the mouse in the single

housed cage? Is the mouse able to maintain normal movement?

Also, what is the control in this case?

Response 9

We just returned the mice to their original cages. Yet, we made sure that 3 hours later,
they recovered from anesthesia and accessed to food and water as usual (page 4, lines
154 - 157). With regard to the control, we have modified the sentence to clarify the

samples used as a reference for statistical analysis (pages 7 - 8, lines 325 - 327).

Comment 10

Please quantify the weights.

Response 10
We tested 36-g, 66-g, and 200-g. We have added this information in our revised
manuscript (page 4, line 163).

Comment 11
Where are the steps for analysis of muscle inflammation and atrophy? Please include the

step numbers here to bring out clarity.

Response 11

We have added relevant information (page 4, line 166).

Comment 12

Is this the same mouse from step 1?

Response 12
We have clarified that the mice subjected to pressure measurement were not used for

histological analyses (page 4, lines 166 - 167 and Supplementary Figure 1).



Comment 13

Is there a specific reason to use different anesthesia in this case?

Response 13
Because pressure measurement involved more invasive procedures (e.g., skin incision

and needle insertion) as compared to hindlimb wiring and LCC (page 4, lines 169 - 170).

Comment 14
We cannot have phrases like could be, should be, would be, etc. Please reword in

imperative tense.

Response 14
We have revised the text (page 4, line 172).

Comment 15
Before performing the incision, do you shave the fur, do you sterilize the area? Please

include all specific details.

Response 15
We depilated with an electric shaver and semi-sterilizing the skin surface with 70%

ethanol-soaked absorbent cotton (page 4, lines 175 - 176).

Comment 16

With respect to?
Response 16
We inserted a needle at an obtuse angle (150° - 170°) to the skin surface (page 4, line

179).

Comment 17

Also please include post anesthesia recovery steps.

Response 17



Please refer to Response 9.

Comment 18
Please provide more details on how to monitor the intramuscular pressure. Button clicks

in the software etc?

Again how were the controls treated?

Response 18
We compared 33-g, 66-g, and 200-g. There was no control for pressure measurement. We

think we have provided sufficient information on pressure monitoring.

Comment 19
Is this mouse the same as in step 2 or 1? Please bring out clarity with respect to the step

number. Also, if same, please mention after how many days is this step performed?

Response 19

As mentioned in Response 12, the mice subjected to pressure measurement were not used
for histological analyses. With regard to the protocol for 7-day LCC experiments, we
describe the details in 3.3 (page 5, lines 201 - 202) and Supplementary Figure 1.

Comment 20

This needs more clarity. Please mention what part of the LCC instrument contains the
cylindrical weight, how is the movement performed, where is the mouse placed etc.
Maybe mark the position of weights in the instrument shown. Do you perform any

button clicks, knob turns etc to bring the weights onto the mouse?

What is the range of weights tested on the mouse?

What is the control in this case?

Response 20

We have added more detailed information in FigurelB.



Comment 21

Dosage?

Response 21
We have described the information (page 5, lines 209 - 210).

Comment 22

How is this done.

Response 22
After depilating the posterior calf surface, we made a skin incision, and dissected

gastrocnemius muscles by separating from tibio-fibular bone using a surgical scissor
(page 5, lined 212 - 213).

Comment 23

What are appropriate filters in your case.

Response 23
We have provided relevant information (page 6, lines 259 - 261).

Comment 24
How is this done, please provide all the button clicks in the software, graphical user

interface, etc.

Response 24

We think we have provided sufficient information.

Comment 25

Please include a one liner title for each figure with all the panels combined.

Please upload each figure individually to your editorial manager account. Please keep the

panels together.



Response 25
We have added figure titles (page 7, lines 306 - 307 and 312 - 313; page 8, lines 331 -
332, 343 - 344, and 360).

Comment 26

Please make the borders thicker in between the panels.

Response 26
We have revised Figure 2A accordingly

Comment 27

Data for this ?

Response 27
Statistical analysis was conducted with reference to the ‘Day 0’ samples (gastrocnemius
muscles from mice that were not subjected to immobilization). We have clarified this in

the figure legend (page 7 - 8, lines 325 - 327)

Comment 28
Please do not write the discussion in pointwise manner. Please use paragraph style

instead.

Please expand the Discussion to explicitly cover the following in detail in 3-6
paragraphs with citations:

a) Critical steps within the protocol

b) Any modifications and troubleshooting of the technique

¢) Any limitations of the technique

d) The significance with respect to existing methods

e) Any future applications of the technique



Response 28

We have revised the manuscript accordingly.
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Experiment for Figure 2
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Experiment for Figures 3 and 4
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l Y ] Sampling

g) Daily LCC application (1 Hz, 30 min per day)

Measurement of intramuscular pressure of mouse gastrocnemius muscles
during LCC by several different weights of cylindrical units
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