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Short Abstract

Changes in limb muscle contractile and passive mechanical properties are important
biomarkers for muscle diseases. This manuscript describes physiological assays to measure
these properties in the murine extensor digitorum longus and tibialis anterior muscles.

Long Abstract

Body movements are mainly provided by mechanical function of skeletal muscle.
Skeletal muscle is composed of numerous bundles of myofibers that are sheathed by
intramuscular connective tissues. Each myofiber contains many myofibrils that run
longitudinally along the length of the myofiber. Myofibrils are the contractile apparatus of
muscle and they are composed of repeated contractile units known as sarcomeres. A sarcomere
unit contains actin and myosin filaments that are spaced by the Z discs and titin protein.
Mechanical function of skeletal muscle is defined by the contractile and passive properties of
muscle. The contractile properties are used to characterize the amount of force generated during
muscle contraction, time of force generation and time of muscle relaxation. Any factor that
affects muscle contraction (such as interaction between actin and myosin filaments, homeostasis
of calcium, ATP/ADP ratio, etc.) influences the contractile properties. The passive properties
refer to the elastic and viscous properties (stiffness and viscosity) of the muscle in the absence of
contraction. These properties are determined by the extracellular and the intracellular structural
components (such as titin) and connective tissues (mainly collagen) *2. The contractile and
passive properties are two inseparable aspects of muscle function. For example, elbow flexion is
accomplished by contraction of muscles in the anterior compartment of the upper arm and
passive stretch of muscles in the posterior compartment of the upper arm. To truly understand
muscle function, both contractile and passive properties should be studied.

The contractile and/or passive mechanical properties of muscle are often compromised in
muscle diseases. A good example is Duchenne muscular dystrophy (DMD), a severe muscle
wasting disease caused by dystrophin deficiency . Dystrophin is a cytoskeletal protein that
stabilizes the muscle cell membrane (sarcolemma) during muscle contraction *. In the absence
of dystrophin, the sarcolemma is damaged by the shearing force generated during force
transmission. This membrane tearing initiates a chain reaction which leads to muscle cell death
and loss of contractile machinery. As a consequence, muscle force is reduced and dead
myofibers are replaced by fibrotic tissues °. This later change increases muscle stiffness °.
Accurate measurement of these changes provides important guide to evaluate disease
progression and to determine therapeutic efficacy of novel gene/cell/pharmacological
interventions. Here, we present two methods to evaluate both contractile and passive mechanical
properties of the extensor digitorum longus (EDL) muscle and the contractile properties of the
tibialis anterior (TA) muscle.



Protocol Text

1) Evaluation of the contractile and passive properties of the EDL muscle ex vivo
The contractile and passive properties of the EDL muscle are measured ex vivo using the Aurora
Scientific in vitro muscle test system. Refer to Table 1 for materials and equipment.

1.1) Equipment preparation

1.

Assemble the tissue-organ bath by securing the oxytube to the water-jacket tissue bath.

Attach the assembled bath to the muscle mounting apparatus. Connect the gas line to the
oxytube. Fasten the water circulation lines to the water-jacket tissue bath and place the needle
valve into the bath drainage.

. Turn on the circulating water-bath and adjust the temperature to 30°C ’. Allow 5 PSI (pounds

per square inch) of 95% 0,-5% CO, to flow through the oxytube. Fill the bath with Ringer’s
buffer. Equilibrate the buffer for at least 10 minutes with a steady gas flow by adjusting the
oxytube valve.

. Turn on the instruments (stimulator, dual-mode lever system, and signal interface). Load the

dynamic muscle control (DMC) software according to manufacturer’s instruction.

1.2) EDL muscle dissection
All animal studies must be approved by the Institutional Animal Care and Use Committee.

1.

Anesthetize the mouse with intraperitoneal injection of 2.5 uL/g body weight of the anesthetic
cocktail (Table 1). Shave the hind limb. Maintain the body core temperature at 37°C prior to
dissection procedure by placing the mouse on a heating pad and constantly measure body
temperature using a thermal probe.

. Position the mouse supine on the dissection board (Fig. 1). Peel off the leg skin to expose the

hind limb muscles. Secure the leg on the sylgard block using two dressmaker pins, one in the
foot and the other in the gracilis muscle. Place a heat lamp above the mouse body to maintain
the core body temperature at 37°C. Constantly superfuse all exposed muscles with Ringer’s
buffer. Drain excess buffer through a vacuum line.

. Expose the distal TA tendon and the extensor ligament under a stereomicroscope by

dissecting the skin toward the foot. Gently remove the fascia covering the TA muscle. Cut
the extensor ligament to release the distal TA tendon.

. Cut the distal TA tendon and use it to peel off the TA muscle. Carefully remove the TA

muscle at its proximal attachment. Place a thin piece of Ringer’s buffer soaked cotton next to
the EDL muscle to absorb bleeding caused by the rupture of the TA muscle vasculature. Use
the vacuum line to remove excess buffer and blood.

. Tie a double square knots followed by a loop knot using a bread silk suture at the muscle

tendon junction (MTJ) of the distal EDL muscle (Fig. 2). Make an incision in the distal
portion of the biceps femoris muscle to expose the proximal EDL muscle. Repeat the same



set of knots (Fig. 2) at the MTJ of the proximal EDL tendon. Attach the lever arm hook to
either the proximal or the distal knots with a double square knot using the same suture line.
Cut off the remaining suture line.

. Cut the proximal EDL tendon superior to the proximal suture knot. Lift up the EDL muscle

with the hook and cut the vasculature beneath the muscle. Cut the distal EDL tendon inferior
to the distal suture knot to remove the EDL muscle from the hind limb. Cover the exposed
hind limb with a piece of Ringer’s buffer soaked cotton.

. Attach the hook to the lever arm. Align the muscle vertically between two electrodes. Secure

the distal suture line to the fixed post. Lift up the tissue bath to submerge the muscle in
Ringer’s buffer. Adjust the resting tension to 1.0 g using the dual coarse/fine translation stage
and allow the muscle to equilibrate for at least 10 minutes.

1.3) Measuring the contractile and passive properties of the EDL muscle
Use Table 2 to set up the parameters in the DMC software for each of the following
measurements. Analyze the data using the dynamic muscle analysis (DMA) software.

1.3.1) Measuring the contractile properties of the EDL muscle

1.

Stimulate the EDL muscle three times at 150Hz with 60 seconds apart to stabilize the muscle
8

. Stimulate the EDL muscle at different resting tensions to determine the optimal length (Lo).

The optimal length is the length at which muscle develops maximum twitch tension. Allow
the muscle to relax for 2 minutes.

. Adjust the resting tension to Lo. Measure muscle force at single twitch stimulation.

Determine the absolute twitch force (Pt), time to peak tension (TPT) and half relaxation time
(%2 RT) of the Pt. Allow the muscle to relax for 2 minutes.

. Adjust the resting tension to Lo. Measure tetanic muscle force generated at different

stimulation frequencies (50, 80, 100, 120, 150 and 200 Hz). Determine the absolute maximal
tetanic muscle force (Po) where muscle force reaches the maximal. Measure the TPT and %2
RT of the Po °.

. Allow the muscle to relax for 5 minutes. Adjust the resting tension to Lo. Apply 10 cycles of

eccentric contractions with 2 minutes rest between cycles. Calculate the relative force loss of
the Po after each cycle of eccentric contraction.

. Detach the EDL muscle from the apparatus and cut the tendons at the suture site. Determine

the muscle wet weight and calculate the muscle cross sectional area (CSA) °*°.

1.3.2) Measuring the passive properties of the EDL muscle

1.

Dissect the contralateral EDL muscle and attach it to the apparatus as described in Section 1.2,
steps2to 7.



. Subject the EDL muscle to a six-step stretching protocol where the muscle is strained to 160%

Lo with an increment of 10% Lo. Analyze the stress-strain profile °

. Evaluate the viscous property of the EDL muscle by measuring the stress relaxation rate

(SRR) at the following time frames after stretching and holding the muscle at 10% Lo: from
peak to 0.1s post-peak (pp), from 0.1 to 0.2s pp, from 0.2 to 0.5s pp, from 0.5 to 1s pp and
from 1 to 1.5s pp.

2) Evaluation of the contractile properties of the TA muscle in situ
The contractile properties of the TA muscle are measured using the Aurora Scientific in situ
muscle test system. Refer to Table 1 for materials and equipment.

2.1) Equipment preparation

1.

2.

Heat up the thermo-controlled animal stage to 37°C using the circulating water-bath.

Turn on the instruments (stimulator, dual-mode lever system, and signal interface). Load the
DMC software according to manufacturer’s instruction.

2.2) Preparation of the TA muscle for in situ force measurement

1.

Anesthetize the mouse, shave the hind limb and expose the TA muscle as described in steps 1
to 3 in Section 1.2.

. Tie a double square knot around the patella ligament using a bread silk suture. Tie a double

square knot followed by a loop knot at the MTJ of the distal TA muscle (Fig. 2), tie another
double square knot leaving a ~10 mm loop from the distal TA tendon knot using the same
suture line. Place the second double square knot on the side of the loop.

. Remove the pins from the hind limb and position the animal prone. Expose the biceps

femoris muscle. Make an incision in the midline to reveal the sciatic nerve. Tie a double
square knot around the proximal end of the sciatic nerve. Trim one side of the suture lines
and cut the nerve superior to the knot. Gently, pull the sciatic nerve toward the knee using the
suture line and clear the surrounding connective tissue to free ~ 5mm of its length. Do not
stretch the nerve during this procedure and constantly superfuse the nerve with ringer buffer.

Prepare the contralateral TA muscle as described in steps 1 to 3. Cover one of the exposed
hind limb with a piece of Ringer’s buffer soaked cotton. Constantly superfuse both hind
limbs with pre-warmed (37°C) Ringer’s buffer. Remove excess buffer through a vacuum line.

. Position the animal prone on the animal platform. Attach the knee clamp holder to the animal

platform and secure both knees to the metal pin with double square knots using the patella
ligament suture lines. Pin both feet on the sylgard block using dressmaker pins. Secure the
animal platform onto the thermo-controlled stage. Position the heat lamp to maintain the
animal core body temperature at 37°C.

. Secure the electrode holder to the animal platform and lay the sciatic nerve on the electrode

using the suture line. Keep the electrode away from the hind limb muscles. Cut the distal TA



tendon of the uncovered hind limb at the MTJ suture site. Attach the distal TA tendon suture
loop to the lever arm hook. Cover the exposed hind limb muscle with a warm Ringer’s buffer

soaked cotton.

2.3) Measuring the contractile properties of the TA muscle

1. Use Table 2 to set the parameters in the DMC software. Follow the same protocol described
in Section 1.3.1 to determine the contractile properties of the TA muscle. Analyze the data
using the DMA software.

2. After contractile property measurement, detach the distal TA tendon suture loop from the
leveler arm hook. Remove the TA muscle. Determine the muscle wet weight and calculate
the CSA 1°.

3. Measure the contractile properties of the contralateral TA muscle according to steps 1 to 3
described above. Euthanize the mouse according to institutional guidelines at the end of the
study.



Representative Results

The following results are a representation from our previous reports ®°. Data are
presented as mean + standard error of mean. Table 3 shows the morphometric properties of the
EDL muscle in normal BL10 and dystrophin-deficient (mdx) mice at 4 to 6 months of age.
Figure 4 shows representative contractile and passive properties of the EDL muscle from BL10
and mdx mice. The contractile properties of the EDL muscle are described by the following
terms including the specific (absolute force divided by the CSA) twitch force (Fig. 4A), specific
maximal tetanic force (Fig. 4B), TPT and %2 RT of the absolute maximal tetanic force (Fig. 4C
and D). The TPT and %2 RT can also be calculate from the absolute twitch force. The stress-
strain profile (Fig. 4E) and SRR (Fig. 4F) are used to describe the passive properties of the EDL
muscle.

Absence of dystrophin has a significant impact on the contractile and passive properties
of the EDL muscle ®°. Specific twitch and tetanic forces are significantly reduced in the mdx
EDL muscle. The TPT is significantly faster while the ¥ RT is significantly slower in the mdx
EDL muscle. The stress-strain profile suggests that stiffness is significantly increased in the mdx
EDL muscle. The mdx EDL muscle also yields a significantly much higher resistance force
(passive stress) before reaching the peak stress, while the post-peak stresses decline much faster.
Further, the SRR was significantly higher in the mdx EDL muscle compared to that of the BL10
EDL muscle.

Statistical analysis

Statistical significance between two groups is analyzed by the Student t-test. For statistical
significance among multiple groups, One-way or Two-way ANOVA analysis followed by
Bonferroni post hoc analysis is recommended using the SAS software (SAS Institute Inc., Cary,
NC). Difference is considered significant when p < 0.05.



Tables and Figures legends
Table 1. Materials and equipment.

Table 2. Parameters for the evaluation of the mechanical properties of the EDL and TA
muscles.

Table 3. Morphometric properties of the EDL muscle. *, the value in mdx mice is
significantly different from that of age-matched BL10 mice.

Figure 1. A schematic diagram of the custom-made mouse dissection board. The dissection
board is made from a ¥z inch thick plexiglass and was fabricated at the institutional shop.

Figure 2. A series of digital images showing the steps of tying a double square knot followed
by a loop knot at the MTJ. Asterisk, the EDL muscle; Arrow, the distal tendon of the EDL
muscle.

Figure 3. A schematic diagram of the custom-made platform for in situ TA muscle function
assay. The plexiglass animal platform and the stainless steel knee holder were designed to
mount on the 809B in situ mouse apparatus. *, Stainless steel rod (Cat# MPR-2.0, Siskiyou,
Grants Pass, OR); #, Universal electrode holder (Cat# MXB, Siskiyou, Grants Pass, OR); 8§,
electrode attachment rod (Cat# MPR-3.0, Siskiyou, Grants Pass, OR); **, Sylgard block.

Figure 4. Representative results for the contractile and passive properties of the EDL
muscle. The contractile properties of the EDL muscle are characterized by the specific twitch
force (A), the specific tetanic force (B), the time to peak tension (C) and the half relaxation time
(D). The passive properties of the EDL muscle are assessed by the stress strain profile (E) and
the SSR. *, mdx mice are significantly different from age-matched BL10 mice.



Discussion

In this protocol, we have illustrated physiological assays for measuring the contractile
and passive properties the EDL muscle and the contractile properties of the TA muscle. A major
concern in muscle physiology studies is the oxygenation of the target muscle. For large muscles
(such as the TA muscle), the in situ approach is preferred because oxygen diffusion from
Ringer’s buffer may not reach the center of the muscle in an in vitro assay. In situ approach does
not disturb normal blood supply and hypoxia-associated artificial effects are avoided. The EDL
muscle is one of the most commonly used muscle in physiology study. Adequate oxygenation of
the entire muscle can be achieved in an in vitro system because of the small size of the muscle.
Further, the in vitro system provides an enclosed environment to manipulate the concentrations
of ions (Ca **, Na" and K*) and chemicals (ATP and glucose) that are necessary for optimal
muscle force generation. This offers a great opportunity to study the effect of these variables on
force production.

Accurate measurement of the contractile and passive properties of the limb muscle is
critical to study skeletal muscle function. Characteristic changes of these properties are often
considered as the hallmarks of various muscle diseases. Changes in these parameters are also
important indicators to determine whether an experimental therapy is effective or not.
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Results
Click here to download Figure: Hakim et al_2012_Jove paper_ Table 3_ 1st Submission.xIsx

Table 3. Morphometric properties of the EDL muscle

Strain Age Body weight EDL weight EDL Lo EDL CzSA
(month) (9) (mg) (mm) (mm”)

BL10 6 32.03 + 0.57 13.90 = 0.77 14.09 * 0.04 2.12 £ 0.12

mdx 6 35.44 +0.42 * 16.73 +0.42 * 1393 +0.05 * 257 +0.07 *

(*) mdx mice are significantly different from age-matched BL10 mice.
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Table 1. Materials and equipment

Material

Manufacturer

Specifications and comments

1) Evaluation of contractile and passive properties of the EDL muscle ex vivo

1.1) Equipment preparation

Tissue-organ bath

Circulating water bath
Gas mix

In vitro muscle function assay apparatus

In vitro muscle function assay software

Radnoti LLC, CA, USA

Fisher Scientific, Waltham, MA, USA
Airgas National, Charlotte, NC, USA
Aurora Scientific, Aurora, ON, Canada

Water-jacket tissue bath (Cat #158351-LL), Oxygen disperser tube (Cat
#160192), Luer valve (Cat#120722)

95% O, and 5% CO,

The system consists of a stimulator (Model# 701A), a dual-mode lever system
(Model#300C or 305C), a signal interface (Model # 604B) and a test apparatus
(Model# 800A) to vertically mount tissue organ bath

Dynamic muscle control (DMC) software and dynamic muscle control data
analysis (DMA) software

1.2) EDL muscle dissection

Mouse anesthesia cocktail mixed in 0.9%
NaCl

Sylgard

A custom-made Plexiglas dissection board
Heating lamp

Ringer’s Buffer

Stereo dissecting microscope
Dissection tools

Braided silk suture #4-0

A custom-made stainless steel hook

Refer to the institutional guidelines

World Precision Instrument
In house designed

Tensor Lighting Company, Boston, MA, USA
Chemicals are purchased from Fisher Scientific,

Waltham, MA, USA

Nikon, Melville, NY, USA

Fine Science Tools, Foster City, CA, USA
SofSilk USSC Sutures, Norwalk, CT, USA
Small Parts, Inc.

Ketamine (25 mg/mL), xylazine (2.5 mg/mL) and acepromazine (0.5 mg/mL).
Throughout the surgical procedure, a supplement of 10 % of the initial dose may
be needed to keep animal under anesthesia.

(Cat#SYLG184)

Refer to Figure 1

15 Watt lamp to keep the mouse warm during dissection

Composition in mM: 1.2 NaH,PO4 (Cat#S369) , 1 MgSO, (Cat# M63), 4.83
KCI (Cat# P217), 137 NaCl (Cat# 217), 24 NaHCO; (Cat# S233), 2 CaCl, (Cat

#C79) and 10 glucose (Cat# D16). Dissolve chemicals individually and mix in
the order listed above. Store at 4°C.

Coarse forceps, coarse scissors, fine forceps (Straight and 45° angle)

Cat # SP116

2" long S/S 304V (0.18" diameter) for force transducer 305C or 2.5" long S/S
304V (0.012" diameter) for transducer 300C (Cat# ASTM A313)

2) Evaluation of the contractile properties of the TA muscle in situ

2.1) Equipment preparation

In situ muscle function assay system

In vitro muscle function assay software

A custom-made TA assay animal platform
A custom-made stainless steel hook
Custom-made 25G platinum electrodes

Aurora Scientific, Aurora, ON, Canada

Aurora Scientific, Aurora, ON, Canada

In house designed
Small Parts, Inc.
Chalgren Enterprises, Gilroy,CA

The system (809B, in situ mouse apparatus) consist of a stimulator (Model#
701B), a dual-mode lever system (Model# 305C), a signal interface (Model#
604A) and a thermo controlled footplate apparatus (Model# 809A)

Dynamic muscle control (DMC) software and dynamic muscle control data
analysis (DMA) software

Refer to Figure 2

0.5" long S/S 304V (0.18" diameter) (Cat# ASTM A313)

Solder two 0.016" thick platinum wires to two 24G electric wires
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*Table of Reagents/ Materials Used
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Table 2. Parameters for the evaluation of the mechanical properties of the EDL and TA muscles

: Resting tension  Pulse frequency Pylse Stlmula_ttlon Stretch Stmt?h Stretch
Experiment width duration duration Comments
(gram) (Hz) length rate
(ms) (ms) (ms)
1) Evaluation of contractile and passive properties of the EDL muscle ex vivo
1.3.1) Measuring the contractile properties of the EDL muscle
1. Warm up 1.0 150 0.2 300 Rest the muscle for 60 sec between each stimulus. These preliminary
tetanic contractions stabilize the muscle for subsequent measurements.
2. Optimal muscle length (Lo) 0.5, 1.0, 1.5 and 1 0.2 300 Allow the muscle to relax for 30 sec between each stimulus. Measure the
2.0 muscle optimal length using a digital caliper.
3. Single twitch force (Py) Adjust resting 1 0.2 300
tension to Lo
4. Tetanic muscle force Adjust resting 50, 80, 100, 120, 0.2 300 Allow the muscle to relax for 1 min between each stimulus. Determine the
tension to Lo 150 and 200 frequency that generate the maximal absolute tetanic force (Po).
5. Eccentric contraction Adjust resting Use the frequency 0.2 700 10% Lo last200 ms 0.5 Lo/sec Repeat the eccentric contraction for 10 cycles with 2 minutes rest between
tension to Lo that generates the of the cycles.
maximum tetanic stimulation
force (Po) duration
6. CSA of the EDL muscle CSA = (muscle mass (g) / [1.06 g/cm® x (Lo x 0.44)]. 1.06 g/cm? is the
muscle density and 0.44 is the EDL muscle fiber length to Lo ratio.
1.3.2) Measuring the passive properties of the EDL muscle
1. Six-step stretching protocol Adjust resting 10% Lo 2 cm/sec  Repeat the stretching protocol with an increment of 10% Lo till 160% Lo is
tension to Lo reached. Alow 1.5 sec between stretch cycles.
2. SRR Adjust resting 10% Lo 2 cm/sec  SSR is calculated by dividing the difference in the stress with the time
tension to Lo elapsed between two time points in a time frame.
2.3) Measuring the contractile properties of the TA muscle
1. Warm up 4.0 150 0.2 300 Rest the muscle fo 60 sec between each stimulus.
2. Optimal muscle length (Lo) 3.0, 4.0,5.0,6.0 1 0.2 300 Allow the muscle to relax for 30 sec between each stimulus. Measure the
and 7.0 muscle optimal length using a digital caliper.

3. CSA of the TA muscle

CSA = (muscle mass (g) / [1.06 g/(:m3 X (Lo x 0.6)]. 0.6 is the TA muscle
fiber length to Lo ratio.
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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,
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employed at the time of the creation of the Materials; “JoVE”
means MyJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
“Materials” means the Article and / or the Video; “Parties”
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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
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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.

4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
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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
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
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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
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,
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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
expense. All indemnifications provided herein shall include
JoVE’s attorney’s fees and costs related to said losses or
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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.
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Re: Manuscript # JoVE50183 Revision

Evaluation of muscle function of the extensor digitorum longus muscle ex vivo and tibialis
anterior muscle in situ in mice

(Comments from the reviewers are highlighted in blue color)

Responses to concerns raised by Reviewer 1

Summary: This manuscript describes a method in evaluating the EDL muscle contractile and
passive force properties Ex vivo. In addition the method of measuring TA muscle contractility is
described. An example of mdx muscle is used to demonstrate both techniques. This is a well
written and important methods manuscript that will be of interest to those in the muscle research
field.

Response: We thank the reviewer for the thoughtful and encouraging comments on our study.
We have addressed all the concerns in the following responses.

Major Concerns: None

Minor Concerns:

1. The authors set the temperature to 30 degree when measuring force in EDL muscles. Why is it
30 degree rather than 37 degree?

Response: A study by Faulkner and Segal (1985), showed that the EDL muscle yields the
maximum and most stable isometric force at 30°C . In the revised manuscript, we have included
the reference in the method text.

2. No statistic information was mentioned.

Response: In the revised manuscript, we have included statistic information for data analysis.
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Responses to concerns raised by Reviewer 2

Summary: This is very interesting and novel method to measure muscle force ex vivo. The
authors described very interesting and useful physiological assays to measure mechanical
properties in EDL and TA muscles in mice. | recommend for publication with minor revisions.

Response: We thank the reviewer for the positive feedback. We have addressed all comments
and revised the manuscript accordingly.

Major Concerns: There is no major concern.

Minor Concerns:

1. Page 3; "Turn on the circulating water-bath and adjust the temperature to 30°C."
Please add rationale why it is set to 30C.

Response: In the revised manuscript, we have included a reference in the text method to show
that the optimal temperature for EDL isometric for in an ex-vivo preparation is 30°C *.

2. Page 3; PSI; Please spell out the abbreviation.
Response: In the revised manuscript, we defined the PSI in the method text.
3. Page 3; anesthetic cocktail. Please specify the content of the cocktail.

Response: The drugs used in the anesthetic cocktail are defined in the materials and equipment
table (Table 1). We had referred the table to the sentence.

4. Please add methods for statistical analysis.

Response: In the revised manuscript, we defined the methods for the statistical analysis.

5. Results; mdx; Italic font should be used.

Response: We have revised the “mdx” word accordingly.

6. Figure 4E Please provide error bars.

Response: The standard error of the passive stress mean value is very small comparing to the
stress value. That is why it is hard to differentiate between the error bar and the point marker at

each strain. This indicates that the variability between samples is reduced and it confirms the
precision of our experiment procedure.
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