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26 SUMMARY:
27  Short session (<10 min) high intensity interval training (HIIT) is emerging as an alternative to
28 longer exercise modalities, yet the shorter variants are rarely modeled in animal studies. Here,
29  we describe a 10 min, 3 day a week, uphill treadmill HIIT protocol that enhances physical
30 performance in male and female aged mice.
31
32  ABSTRACT:
33  High intensity interval training (HIIT) is emerging as a therapeutic approach to prevent, delay, or
34  ameliorate frailty. In particular short session HIIT, with regimens less than or equal to 10 min is
35  of particular interest as several human studies feature routines as short as a few minutes a
36 couple times a week. However, there is a paucity of animal studies that model the impacts of
37  short session HIIT. Here, we describe a methodology for an individually tailored and progressive
38 short session HIIT regimen of 10 min given 3 days a week for aged mice using an inclined
39  treadmill. Our methodology also includes protocols for treadmill assessment. Mice are initially
40 acclimatized to the treadmill and then given baseline flat and uphill treadmill assessments.
41  Exercise sessions begin with a 3 min warm-up, then three intervals of 1 min at a fast pace,
42  followed by 1 min at an active recovery pace. Following these intervals, the mice are given a
43  final segment that starts at the fast pace and accelerates for 1 min. The HIIT protocol is
44  individually tailored as the speed and intensity for each mouse are determined based upon
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initial anaerobic assessment scores. Additionally, we detail the conditions for increasing or
decreasing the intensity for individual mice depending on performance. Finally, intensity is
increased for all mice every two weeks. We previously reported in this protocol enhanced
physical performance in aged male mice and here show it also increases treadmill performance
in aged female mice. Advantages of our protocol include low administration time (about 15 min
per 6 mice, 3 days a week), strategy for individualizing for mice to better model prescribed
exercise, and a modular design that allows for the addition or removal of the number and
length of intervals to titrate exercise benefits.

INTRODUCTION:

Regular exercise is effective at preventing or delaying many age-associated diseases such as
sarcopenia and frailty!*. However, less than 15% of those 65 and older meet recommendations
of 150 min a week of moderate intensity exercise plus  strength
training>®. As the lack of time and lengthy sessions are common barriers to exercise, high
intensity interval training (HIIT) is emerging as an alternative to traditional regimens. HIIT
features multiple short bursts of intense activity that are interspersed with brief periods of
active recovery, and there has been recent interest in identifying the shortest regimens that still
yield beneficial outcomes. Such studies include 3 day a week regimens featuring total session
times of 4 min’, 2-3 min&, 1.5 min®, a single min'%, and even 40 s,

Likewise, there has been substantial interest in HIIT animal models. A majority of studies used
mice!?2! or rats??2> and were performed using a treadmill, although a few others used
swimming protocols?®28, A majority of these studies use VO.max to set the initial intensity of
the exercise!3'41921.24  Additionally, although an often described benefit of HIIT is having
shorter regimens, almost all of these identified studies feature regimens that last 30 min or
longert-151819.21 “\ith the exception of one with a slightly longer than 10 min regimen?°, and
another with 19 min across three different intensities'®. To our knowledge, there are no
reported animal studies that examine a 10 min or less HIT regimen, or tailor the regimen to
individual animals, with the exception of our published study!’ that serves as the basis for this
protocol.

Here, we describe a protocol for HIIT in aged mice designed to model individualized, short
session (< 10 min) variants used recently in human studies’'!. The method includes a 10 min
regimen on an inclined (25°) treadmill with a 3 min warm up, and four 1 min intervals at high
intensity, interspersed with three 1 min active recovery segments. Advantages of the protocol
include greater clinical relevance as it features strategies for tailoring intensity to individual
animals, setting intensities that are not based on VO.max, thereby avoiding the need for
metabolic treadmills, and modular design whereby the number of intervals and timings are
easily adjustable. Additionally, within this protocol we provide instructions for two strategies
for treadmill assessment, which include flat continuous and uphill interval, to examine
endurance. Using these methods, we extend our previous findings that short session HIIT
increased functional capacity in aged male mice!’, and now demonstrate HIIT increases
treadmill performance in aged female mice.
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PROTOCOL:

All studies and experimental protocols were approved by and in compliance with guidelines of
the University at Buffalo and VA Western New York Animal Care and Use Committees.

1. Experiment setup and general advice
NOTE: A total of twenty-four female mice on a C57BL/6J background were used in this protocol
starting at 23 months of age. The mice exhibited a conditional SIRT1Aex4ERT2 mutation??,

however, this was not induced in this experiment.

1.1. Ensure that mice receive permanent identifiers such as ear tags, RFID chips, or tail
tattoos.

NOTE: It is recommended to also use temporary markings (e.g., permanent marker to mark
tails) for quick identification during assessment periods.

1.2. Clean the treadmill with 0.25-0.5% bleach (v/v) or 70% (v/v) ethanol at the end of the
day or to remove feces or urine between experimental trials. Dry solutions completely before

initiating a new trial.

NOTE: Ethanol may increase wear to the treadmill belt. It is recommended that the treadmill be
cleaned between each run if working with group-housed male mice in order to minimize in cage
fighting. It is recommended to perform treadmill assessments at the same time of day at each
time point in longitudinal studies3%-3?, and if other assessments are being performed, the order
should remain the same. The investigator running the experiment should also be blind to the
group designations of the mice.

2. Acclimatizing mice to treadmill apparatus

NOTE: Initiate acclimatization of mice 1 month prior to baseline experiments.

2.1.  Set up the initial training program using the treadmill software (v3.4.7) in Manual mode
(Figure 1 and Table 1).

2.1.1 Open the treadmill software. Then, click on the file and open the experiment.
2.1.2 Input the values indicated in Table 1 on the Manual tab (Figure 1) under Acclimation.

2.1.3 Input the session number as 1, the number of active channels as 1 to 6 depending on
the number of mice, the number of visits to the grid as 10, and the number of shocks as 20.

NOTE: Shock intensity for this initial run is set at level 1 (0.46 mA).
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2.2. Setthe inclination of the treadmill to 0° (flat).

2.3.  Hold mice by the tail when placing in the treadmill and place mice directly on the belt to
avoid starting mice on the shock grid.

2.4.  Use a brush or tongue depressor to keep mice away from the shock grid when training
or assessment begins. Nudge mice to begin running to avoid unintended shocks.

2.5. After each mouse is given the initial training program, repeat the program as above with
the shock intensity increased to level 2 (0.59 mA) with at least 15 min between trainings.

2.6.  Administer the uphill treadmill acclimatization, one to two days after the initial training
program.

2.6.1 Open the treadmill software. Then click on the file and then open the experiment.

2.6.2 Input the values on the Basic tab as indicated in Table 2 under Acclimation.

2.6.3 Under Shock Detection, input the session number as 1, the number of active channels
as 1 to 6 depending on the number of mice, the number of visits to the grid as 10, and the

number of shocks as 20.

2.6.4 Click on the Profile Mode tab (Figure 2) and for Step 1, input a start speed of 0 m/min
and an end speed of 5 m/min with a period of 5 s.

2.6.4.1. Add a warm up step 2 with a start speed of 5 m/min and end speed of 5 m/min for 30
seconds. Add a transition step that starts at 5 m/min and an end speed of 6 m/min for 5 s.

2.6.4.2. Add a test speed step that starts at 6 m/min and ends at 6 m/min for 20 s. Add a
transition step that starts at 6 m/min and ends at 5 m/min.

2.6.4.3. Add a recovery interval that starts at 5 m/min and ends at 5 m/min for 20 s (Figure 2).
2.6.5 Repeat step 2.6.4 to add test speed steps as indicated in Table 2 under acclimation.

2.7. Two weeks prior to baseline assessments, continue acclimatization by providing two
treadmill flat aerobic capacity assessments as described in section 3, given on consecutive days.

2.8. One to two days after the second endurance training, provide two treadmill uphill
anaerobic capacity assessments as described in section 4, given on the same day with a

minimum of 30 min between trainings.

3. Flat continuous treadmill assessment
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3.1. Create a treadmill program as described in step 2.1, using values indicated in Table 1
under Assessment. Under Shock Detection, set the session number as 1, the number of active
channels as 1 to 6 depending on the number of mice, the number of visits to the grid as 10, and
the number of shocks as 20.

3.2. Remove mice from the instrument that reach endpoint criteria during the trial.

NOTE: This step is to avoid mice inadvertently touching the shock grid of neighboring mice and
affecting data. Parameters include the total time on belt, the distance travelled, and the shocks
to visits ratio. It is recommended to perform two assessments at each time point, separated by
at least one day between assessments.

4. Uphill interval treadmill assessment

4.1. Create a treadmill program as described in step 2.6, using values indicated in Table 2
under Assessment. Under Shock Detection, set the session number as 1, the number of active
channels as 1 to 6 depending on the number of mice, the number of visits to the grid as 5, and
the number of shocks as 10.

4.2. Setthe interval field in the treadmill program to 0.5.

NOTE: This allows for data points to be collected every second instead of every minute, which
aids in identifying the speed at endpoint for each mouse. The program will automatically stop
after the 50 m/min stage due to software limitations. Parameters include the time on belt, the
distance travelled, and the test speed of the last successfully completed stage before endpoint.
The latter is used for determining baseline intensity for the HIIT regimen described in step 5. It
is recommended to perform two assessments per time point, separated by at least 30 min.

5. Short session high intensity interval training

5.1. Set the treadmill uphill (25°) and remove the plastic cover.

5.2. Determine the intensity for each mouse. Use the speed of the last successfully completed
stage (Step 4.5) and find the intensity group and corresponding Base, Sprint, and Dash speeds
using Table 3.

5.3. Open the treadmill software and click on file to create a new program.

5.3.1 Click on the Profile Mode tab and for Step 1, input a start speed of 0 m/min and an end
speed as indicated under Base speed as indicated in Table 3 with a period of 5 s.

5.3.2 Add a warm up step 2 with a start speed at Base speed and end speed at Base speed for
180 s.
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5.3.3 Input 3 intervals each with 1) a transition step that goes from Base to Sprint for 5 s, 2) an
step at Sprint speed for 60s, 3) a transition step that goes from “sprint” to Base over 5 s, and 4)
a step for a recovery interval at Base speed for 60 s.

5.3.4 Add a transition step that goes from Base to Sprint speed over 5 s and a final step that
goes from Sprint to Dash speed over 60 s.

NOTE: Programs can be saved, modified, and reloaded.

5.4. Perform exercise three days a week with at least one day of rest between sessions
(i.e., Monday, Wednesday, Friday).

5.5. Rewrite exercise programs to increase Base, Sprint, and Dash speeds 1 m/min every two
weeks.

NOTE: No electric shocks are given during the exercise.

5.6. Motivate mice to run using a makeup brush (recommended) or tongue depressor to
lightly motivate mice that fall near or on the shock grid. If a mouse does not respond retry in 5
s, then 10 s, and then retry every 30 s or during a recovery interval until the end of the session.

5.7. Move mice that cannot be motivated to complete the first three intervals in two
consecutive exercise sessions to lower intensity groups (Table 3).

5.8. Move mice that do not require motivation in two consecutive exercise sessions to higher
intensity groups (Table 3).

5.9. Take sedentary control mice in cages place beside the treadmill as it runs. Alternatively,
sedentary controls can be placed in the lanes of a non-moving treadmill for 10 min.

REPRESENTATIVE RESULTS:

A total of twenty-five female mice were bred and aged in house. The C57BL/6J background
mice exhibited a SIRT1Aex4ERT2 mutation?’; however, the conditional mutation was not
induced and therefore all mice exhibited full length Sirtuinl (data not shown). At 24 months of
age, mice were assessed for treadmill endurance and uphill sprint capacity prior to and after
the administration of two months of HIIT exercise (n = 14), or remaining cage sedentary (n =
11). Our data show all 14 mice in the HIIT group increased treadmill time on belt compared to
7 of 11 of the SED mice (Figure 4A, paired student’s T-Test p < 0.0001 for HIIT and p < 0.14 for
SED). In total HIIT mice exhibited greater improvement in time on belt based on the better of
two trials (HIIT: 18.2 + 10.5 min to 31.8 + 13.7 min, delta 13.6 + 7.5 min versus SED: 19.9 + 10.0
min to 25.3 + 7.3 min, delta 5.3 + 11.4 min, unpaired student’s T-test p < 0.0391).

Additionally, we detected greater increase in uphill treadmill capacity as 12 of 14 HIIT mice
increased maximal speed while we observed decline in 8 of 11 SED mice (Figure 4B, paired
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student’s T-Test p < 0.0022 for HIIT and p < 0.85 for SED). HIIT mice also demonstrated greater
improvement in maximal speed compared to SED mice based on the better of two trials
(HIT: 14.6 + 4.3 m/min to 17.6 £ 5.5 m/min, delta 3.0 + 3.0 m/min versus SED: 16.9 + 3.8 m/min
to 16.5+5.0 m/min, delta 0.5 + 5.0 m/min, unpaired student’s T-test p = 0.0441). Shock
tolerance was similar between the two groups of mice (Shock to grid visit ratio baseline - SED:
1.2 £ 0.1 versus HIIT: 1.4 £ 0.4, p=0.24; endpoint - SED: 1.2 + 0.4 versus HIIT: 1.3 £ 0.4, p=0.46).

FIGURE AND TABLE LEGENDS:

Figure 1. Treadmill software manual mode parameters for treadmill endurance assessment.
The treadmill software manual mode allows adjustment for protocols involving continuous belt
acceleration.

Figure 2. Treadmill software profile mode program parameters for uphill sprint assessment.
The treadmill software profile mode, used in conjunction with the options on the manual mode
tab (Figure 1), allows the ability to create protocols with custom speed intervals.

Figure 3. High Intensity Interval Training regimen schematic. Base, Sprint, and Dash speeds are
indicated in Table 3. Speeds increase by 1 meter/min every two weeks.

Figure 4. Impacts of HIIT on treadmill performance in aged mice. Twenty-four month old
female mice were given HIIT (n=14) or remained sedentary (SED, n=11) for 2 months. Treadmill
endurance (A) was assessed before and after the exercise intervention as a best of two trials
given on consecutive days on a flat treadmill. Uphill sprint capacity (B) was assessed as the best
of two trials administered with no less than 30 min of rest on an inclined (25°) treadmill. Lines
indicate individual mice. B is baseline and E is endpoint, *** indicate a p-value < 0.001 and ****
indicates p < 0.0001 as determined by a paired student’s T-test comparing within group change
between baseline and endpoint.

Table 1. Program parameters for treadmill endurance acclimatization and assessment.
Table 2. Program parameters for uphill sprint acclimatization and assessment.
Table 3. Intensity designations for HIIT exercise mice.

DISCUSSION:

Benefits from short sessions are a key aspect of high intensity interval training that captures
scientific and public interest. However, animal studies rarely investigate HIIT regimens that are
10 min or less. Here, we describe a protocol for a 10 min short session HIT uphill treadmill
exercise regimen that enhanced treadmill performance in aged female mice and which we
previously have shown to increase physical performance in aged male mice!’. A strength of our
protocol is that in addition to the protocol being only 10 min in length, the design is modular
such that the number of intervals can be added or removed to make protocols that are even
one min in length. Additionally, the length of the intervals can be modified providing multiple
strategies to titrate exercise and evaluate the impacts.
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Another strength of this protocol is that we include a system to tailor the exercise regimen to
the physical capabilities of individual mice, which to our knowledge only one other study33
aside from our report in aged male mice’ has used. Although individually tailoring an exercise
intervention introduces variability into the experimental design, an important advantage of this
method is that it better models the administration of prescribed exercise in human clinical
settings. Furthermore, animals do not train at intensities that are too easy or difficult, which
could be a significant factor in experiments where the animal population exhibits diversity in
exercise capacity (i.e. during aging). One other advantage of this methodology is that it does
not require the use of metabolic treadmills to determine VO,max as the exercise intensity is
tailored to the performance of the animal, a concept that is further examined by Picoli et al.3*.

This protocol includes two assessments for treadmill performance, in the form of a slowly
accelerating flat treadmill test and an inclined treadmill incrementing interval test, respectively.
There are multiple protocols that have been published for determining continuous treadmill
performance in mice using treadmills'®3435, including a JoVE article3®. Multiple parameters
differ across these studies and across the literature, including: inclination (usually 0° or 5° for
endurance testing), shock intensity (ranging from 0.25-1.12 mA), and rules for defining
exhaustion. It was also noticed that 5 consecutive shocks were commonly used to define
exhaustion across multiple studies. Although this strategy may induce greater exhaustion than
the rules we have used in our study and this protocol, this system also assumes all mice have
similar pain thresholds, which may not be true depending on experimental conditions. Our
definition of exhaustion of 10 visits or 20 total shocks provides a framework to assess if there
are different pain thresholds. Ultimately, there are advantages and disadvantages to both
strategies and the decision for defining the endpoint should be best aligned with the goals of
the study. Additionally, some treadmill assessment protocols for mice have been designed
without the use of shocks as a stimulus3’. Although there are advantages to this approach?’,
some drawbacks to consider include the use of a determination of exhaustion that is subjective
and the potential difficulty of assessing multiple mice simultaneously.

Additionally, others have used work and power as parameters to describe treadmill
performance3>383°, The speed of the belt and rate of acceleration are also diversely
represented in the literature. As most protocols feature increasing speed, the result will yield a
blend of aerobic and anaerobic capacity in the mouse, with slower protocols providing more
focus on the aerobic component. We therefore designed our uphill treadmill interval test to
provide greater focus on the anaerobic component!’. To achieve this, our protocol features
short test intervals with active recovery between tests, allowing for mice to achieve higher
speeds and therefore greater anaerobic utilization relative to our flat continuous treadmill
endurance assessment. For our protocol we used an active recovery period of 20 s between
intervals, the half time for re-oxygenation of muscle tissue in human tissue®®. However, we note
a limitation of this method is that the specific impacts on anaerobic metabolism have yet to be
elucidated, and including an examination of anaerobic parameters such as glycolytic
metabolism, phosphocreatine utilization, and lactate kinetics would strengthen this method. In
addition, new studies that investigate the impacts of changing stage and active rest durations,
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inclination, and different speed increments would also strengthen this method.

The methodology described in this protocol, including the two treadmill assessments, are
designed for older animals in particular, and as such includes greater time for acclimation of
mice to the protocols. Proper acclimation is a critical step to experimental design to ensure
endpoints are due to exhaustion and not insufficient learning by the mouse. Improper
acclimation is likely apparent in longitudinal studies - yet, importantly, may not be noticed in
cross-sectional studies. Although, shorter acclimation protocols might be possible for younger
cohorts, in our experience older mice require greater acclimation and a published protocol for
exercise training in aged rats initiates acclimation 1 month prior with 10 total days given for
treadmill acclimatization*!. However, we agree with Castro et al. that providing excessive
acclimation may impact the behavior of and impacts on the mice® and his recommendation of
3 to 10 days total®®>, for which our acclimatization protocol is in line with these
recommendations. Furthermore, older animals also exhibit greater diversity in exercise
performance and for this reason we include two trials per assessment time point. Younger
animals display greater homogeneity in performance and therefore a single trial may be
sufficient. Furthermore, the diversity of aged animals may make direct cross-sectional
comparisons of an intervention difficult to interpret, and more success may be achieved by
comparing the change from baseline as was done in the analysis of the aged female mice. We
also indicate as a caveat that we have not tested our short session HIT protocol in younger
mice, where it is possible a ceiling effect in performance may mask the benefits of our short
session HIIT protocol. The protocol was also used only in the C57BL/6J mouse strain, and
therefore the impact of this exercise in other mouse strains remains to be elucidated.
Additionally, the C57BL6/J mice used in this experiment exhibited a SIRT1Aex4ERT2 mutation??,
that was not induced. These mice were aged in house from birth; however, insufficient
numbers were available at 24 months of age to power 4 groups. We therefore focused the
experiment on just HIIT and sedentary groups. We note that both the present cohort of aged
female mice and our previously published cohort of aged male mice'” both improved in physical
performance using this short session HIIT protocol.
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Figure 2. Uphill Sprint Assessment Schematic
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Figure 3. HIIT Schematic
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Figure 4. Treadmill impacts of HIIT
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Table 1
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Program parameter Acclimation Assessment
Interval 1 1

Duration 5 90

Enable Profile Mode Unchecked Unchecked
Accel Step 1.0 m/min 1 m/min
Accel Int 60 seconds 120 seconds
Max Speed 10 m/min 35 m/min

S _speed 5 m/min 5 m/min
Shock Rep Rate 1 hz 1 hz

Shock Intensity 1 then 2 3
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Program parameter Acclimation Assessment
Interval 0.5 1

Duration 10 90

Enable Profile Mode Checked Checked

Accel Step N/A N/A

Accel Int N/A N/A

Max Speed 15 m/min 35 m/min

S_speed 5 m/min 5 m/min

Shock Rep Rate 1 hz 1 hz

Shock Intensity 2 3

PROFILE MODE (Refer to Figures 1 and 2 to set up program parameters)
Test intervals 8, 10, 10, 10 m/min 6,8,10,11,12 ...51,52 m/min
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Table 3
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Intensity Group

Baseline Uphill Sprint

Initial Exercise Speeds

Score Base Sprint Dash
0 <8 m/min 5m/min | 7m/min | 10 m/min
1 8-16 m/min 5m/min | 10 m/min | 15 m/min
2 17-25 m/min 8 m/min | 13 m/min | 18 m/min
3 >25 m/min 11 m/min | 16 m/min | 21 m/min
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Table of Materials

Name of Material/ Equipment Company

Exer-3/6 Open Treadmill w/
Shock, Detection, auto-calibration Columbus

and PC Interface/Software Instruments
Bleach Varies
Ethanol Varies

Make-up Brush (large) Varies

Catalog Number

1055-SDRM
Varies
Varies
Varies
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Comments/Description

The Columbus Instruments 3/6 treadmill allow up to 6 mice or 3 rats simultaneously.

The device comes with controllers to allow manual control of treadmill belt speed and shock
intensity, or connections to a computer and software to run and control these elements.

0.25-0.5% Bleach solution (V/V) is used to clean the treadmill belt between sessions

70% ethanol solution (V/V) can alternatively be used to clean treadmill belt between runs and sesions.
A make-up brush provides a soft surface and ample length to motivate mice to continue exercise.
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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
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means MylJove Corporation, a Massachusetts corporation and
the publisher of The Journal of Visualized Experiments;
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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
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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.
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4. Retention of Rights in Article. Notwithstanding the
exclusive license granted to JoVE in Section 3 above, the
Author shall, with respect to the Article, retain the non-
exclusive right to use all or part of the Article for the non-
commercial purpose of giving lectures, presentations or
teaching classes, and to post a copy of the Article on the
Institution’s website or the Author’s personal website, in each
case provided that a link to the Article on the JoVE website is
provided and notice of JoVE’s copyright in the Article is
included. All non-copyright intellectual property rights in and
to the Article, such as patent rights, shall remain with the
Author.

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

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

7. Government Employees. If the Author is a United States
government employee and the Article was prepared in the
course of his or her duties as a United States government
employee, as indicated in Item 2 above, and any of the
licenses or grants granted by the Author hereunder exceed the
scope of the 17 U.S.C. 403, then the rights granted hereunder
shall be limited to the maximum rights permitted under such
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statute. In such case, all provisions contained herein that are
not in conflict with such statute shall remain in full force and
effect, and all provisions contained herein that do so conflict
shall be deemed to be amended so as to provide to JOVE the
maximum rights permissible within such statute.

8. Likeness, Privacy, Personality. The Author hereby grants
JoVE the right to use the Author’s name, voice, likeness,
picture, photograph, image, biography and performance in any
way, commercial or otherwise, in connection with the
Materials and the sale, promotion and distribution thereof.
The Author hereby waives any and all rights he or she may
have, relating to his or her appearance in the Video or
otherwise relating to the Materials, under all applicable
privacy, likeness, personality or similar laws.

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

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

11. Indemnification. The Author agrees to indemnify JOVE
and/or its successors and assigns from and against any and all
claims, costs, and expenses, including attorney’s fees, arising
out of any breach of any warranty or other representations
contained herein. The Author further agrees to indemnify and
hold harmless JoVE from and against any and all claims, costs,
and expenses, including attorney’s fees, resulting from the
breach by the Author of any representation or warranty
contained herein or from allegations or instances of violation
of intellectual property rights, damage to the Author’s or the
Author’s institution’s facilities, fraud, libel, defamation,
research, equipment, experiments, property damage, personal
injury, violations of institutional, laboratory, hospital, ethical,
human and animal treatment, privacy or other rules,
regulations, laws, procedures or guidelines, liabilities and
other losses or damages related in any way to the submission
of work to JoVE, making of videos by JoVE, or publication in
JoVE or elsewhere by JoVE. The Author shall be responsible
for, and shall hold JoVE harmless from, damages caused by
lack of sterilization, lack of cleanliness or by contamination
due to the making of a video by JoVE its employees, agents or
independent contractors.  All sterilization, cleanliness or
decontamination procedures shall be solely the responsibility
of the Author and shall be undertaken at the Author’s
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expense. All indemnifications provided herein shall include
JoVE's attorney’s fees and costs related to said losses or
damages. Such indemnification and holding harmless shall
include such losses or damages incurred by, or in connection
with, acts or omissions of JoVE, its employees, agents or
independent contractors.

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

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

Thank you very much for the prompt review of our manuscript. Please find the update of your requests
below.

Editorial comments:

Please take this opportunity to thoroughly proofread the manuscript to ensure that there
are no spelling or grammar issues.

Done.

Please do not number notes as protocol steps.
Done.

Please do not highlight notes for filming.
Done.

Please use h, min, s for time units.
Done.

For steps that are done using software, a step-wise description of software usage must be
included in the step. Please mention what button is clicked on in the software, or which
menu items need to be selected to perform the step.

Done.

Step 1.1: Please write this step in imperative tense.
Removed the bulleting on this step.

2.1: Please add more details to your protocol steps. Please ensure you answer the “how”
question, i.e., how is the step performed?
Step 2.1 expanded to include substeps 2.1.1-2.1.3.

2.2: Please ensure that all text is written in imperative tense.
Step text changed

2.6: Please ensure that all text is written in imperative tense.
Step changed and expanded, now includes substeps 2.6.1-2.6.5.

3.1: Please ensure that all text is written in imperative tense.
Step text changed.

4.2: Please ensure that all text is written in imperative tense.
Step text changed.

5.8: Please write this step in imperative tense.
Text rewritten.
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Figure 1: Please add a short description of the figure in addition to the figure title in Figure
Legend.
Text added.

Figure 2: Please add a short description of the figure in addition to the figure title in Figure
Legend.
Text added.

Please ensure that the references appear as the following:

Lastname, F.I,, LastName, F.I., LastName, F.I. Article Title. Source. Volume (Issue), FirstPage
- LastPage, (YEAR).

References corrected.



