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Cover Letter

Cover Letter

Dear Editor of the Journal of Visualized Experiments (JoVE),

We take the liberty of submitting the manuscript of a paper entitled
“Functional and physiological methods of evaluating median nerve regeneration in the
rat” for publication in the Journal of Visualized Experiments (JoVE).

Arguably, using the median nerve (MN) of the rat, it is possible to adequately
replicate peripheral nerve lesions in humans.'3 In this paper we present a model of
peripheral nerve lesion and repair in the rat. In particular, we demonstrate in a
detailed fashion the steps required to produce and repair different types of MN lesions
in the rat. Moreover, we illustrate the use of different settings adequate to simulate
postoperative physiotherapy. Finally, we show how to evaluate functional recovery of
this nerve using several tests.

We strongly believe that this model is particularly indicated to replicate the
clinical scenario, facilitating extrapolation of results to the human species.

We base this description in our groups’ 15-year experience with the use of
this model for both teaching and research purposes.* To make this subject more
perceptible to a wider audience, we have included an original professional-drawn
diagram illustrating the relevant anatomy of the MN in the rat.

We believe this paper will undoubtedly be of great interest to the readers of
JoVE, as the MN model has multiple advantages relatively to the most commonly used
sciatic nerve model.

We very much hope you decide to publish it!
If you have any doubts or queries, please do not hesitate to contact us.

Thank you so much for your kind time and attention.

Yours sincerely.

The authors
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Presented is a protocol to produce different types of median nerve (MN) lesions and repair in the
rat. Additionally, the protocol shows how to evaluate the functional recovery of the nerve using
several noninvasive behavioral tests and physiological measurements.

ABSTRACT:

The main goal of this investigation is to show how to create and repair different types of median
nerve (MN) lesions in the rat. Moreover, different methods of simulating postoperative
physiotherapy are presented. Multiple standardized strategies are used to assess motor and
sensory recovery using an MN model of peripheral nerve lesion and repair, thus permitting easy
comparison of the results. Several options are included for providing a postoperative
physiotherapy-like environment to rats that have undergone MN injuries. Finally, the paper
provides a method to evaluate the recovery of the MN using several noninvasive tests (i.e.,
grasping test, pin prick test, ladder rung walking test, rope climbing test, and walking track
analysis), and physiological measurements (infrared thermography, electroneuromyography,
flexion strength evaluation, and flexor carpi radialis muscle weight determination). Hence, this
model seems particularly appropriate to replicate a clinical scenario, facilitating extrapolation of
results to the human species.

Although the sciatic nerve is the most studied nerve in peripheral nerve research, analysis of the
rat MN presents various advantages. For example, there is a reduced incidence of joint
contractures and automutilation of the affected limb in MN lesion studies. Furthermore, the MN
is not covered by muscle masses, making its dissection easier than that of the sciatic nerve. In
addition, MN recovery is observed sooner, because the MN is shorter than the sciatic nerve. Also,
the MN has a parallel path to the ulnar nerve in the arm. Hence, the ulnar nerve can be easily
used as the nerve graft for repairing MN injuries. Finally, the MN in rats is located in the forelimb,
akin to the human upper limb; in humans, the upper limb is the site of most peripheral nerve
lesions.

INTRODUCTION:

Peripheral nerve lesions occur regularly as a result of trauma, infection, vasculitis, autoimmunity,
malignancy, and/or radiotherapy¥?2. Unfortunately, peripheral nerve repair continues to present
clinically unpredictable and frequently disappointing results**. There is widespread consensus
that considerable basic and translational research is still needed to improve the prospect of those
affected*”’.

The rat MN shows great similarities to that of humans®® (Figure 1). Originating from the brachial
plexus in the axillary region, this nerve descends into the medial aspect of the arm, reaching the
elbow, and branching off to the majority of the muscles in the ventral compartment of the
forearm. The MN reaches the hand, where it innervates the thenar muscles and the first two
lumbrical muscles as well as to part of the rat’s hand skin® (Figure 1).

Using the rat MN, it is possible to adequately replicate peripheral nerve lesions in humans®12,
This nerve has several potential research advantages relative to the customarily used sciatic

nerve. Because the MN is located in the forelimb of rats (akin to the human upper limbs), it can
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be damaged experimentally with a much smaller impact on the rat’s wellbeing, compared to the
sciatic nerve, which innervates a substantial portion of the pelvic limb*3. Additionally, in humans
most clinical lesions occur in the upper limb, which corresponds to the rat’s forelimp0-1214-16,

This paper shows how to produce different types of MN lesions in the rat. Moreover, different
ways to simulate postoperative physiotherapy are presented. Finally, tests to evaluate functional
recovery of the MN are described. There are multiple standardized strategies available to assess
motor and sensory recovery using an MN model of peripheral nerve lesion and repair, thus
permitting an easy comparison of results. The MN model is particularly suitable to replicate the
clinical scenario, facilitating extrapolation of results to the human species.

PROTOCOL:

All procedures involving animal subjects were approved by the Institutional Animal Care and Use
Committee and Ethical Committee at Nova University Medical School, Lisbon, Portugal
(08/2012/CEFCM).

1. Median nerve surgery

NOTE: Follow aseptic technique during the surgery. Use personal protective instruments (PPE)
and wear a sterile surgical gown?’. Autoclave all the required surgical instruments prior to the
surgery (see the Table of Materials).

1.1. Use 12-week-old Wistar rats. Provide them with ad libitum food and water with 12 h light-
dark cycles 7 days prior to surgery. Prior to anesthesia, weigh the rat to determine the amount
of anesthetic required.

1.2. Anesthetize the rat with an intraperitoneal injection of a mixture of ketamine (40-80 mg/kg
body weight) and xylazine (5—-10 mg/kg of body weight). Check for the depth of anesthesia by the
lack of response to a toe pinch and by observing of respiration rate throughout the entire
procedure'®®®. Provide additional analgesia if a respiratory rate over 110 cycles/min or motor
response to toe pinching is observed?!®2°,

1.3. Inject 1 mg/kg of meloxicam subcutaneously to provide preemptive analgesia?%?L.
1.4. To avoid corneal abrasion during the surgery, apply ophthalmic gel to both the eyes.

1.5. Use a depilatory cream to remove the hair over the medial aspect on the right. Once done,
wash with warm saline to remove the cream?’.

1.6. Lay the rat in supine position on a heating pad. Apply an iodine or chlorhexidine-based
surgical scrub over the operative site. Leave it for at least 15 s and then wipe with ethanol. Repeat
the application 3x. Ensure that the scrub is in contact with the skin for at least 2 min prior to
proceeding with the surgery.

Page 2 of 19 revised May 2019



131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156
157
158
159
160
161
162
163
164
165
166
167
168
169
170
171
172
173
174

NOTE: Contact the infection control authority at your research unit for alternative protocols to
prevent surgical site infection?®.

1.7. Drape the surgical area®’.
NOTE: Perform all procedures under strict aseptic conditions*®,

1.8. Incise the skin in the medial aspect of the right arm and pectoral region to the deep fascial
plane, using a number 15 scalpel blade. Carefully cauterize any bleeding vessels using an electric
cautery.

1.9. Carefully divide the brachial fascia, which presents as a whitish sheath covering the muscles,
using a thermocautery or a pair of blunt scissors, taking care not to damage the vascular and
nerve structures in the medial aspect of the arm.

1.10. Open a pair of scissors bluntly beneath the terminal insertion of the pectoralis major
muscle, in order to tease this muscle away from the underlying axillary artery and vein, as well
as from the terminal branches of the brachial plexus.

1.11. Divide the insertion of the pectoralis major muscle with an electric cautery. Expose and
section the pectoralis minor muscle.

1.12. Bluntly dissect the MN from the brachial vessels and from the ulnar nerve starting from the
axillary region up to the elbow. This allows exposure of the different terminal branches of the
brachial plexus, namely the median, the ulnar, the radial, the axillary and the musculocutaneous
nerves (Figure 2).

1.13. Separate different experimental groups as described below.

1.13.1. Create the Sham group by only dissecting the MN.

1.13.2. Create the Crush group by compressing the MN in the middle portion of the arm for 15 s
using a number 5 microsurgery forceps, or a similar instrument?223,

1.13.3. Create the Excision group using a pair of microsurgery scissors to excise a 10 mm-long
segment from the central part of the MN in the arm. Ligate the proximal stump of the nerve with
an 8/0 Nylon suture to prevent axonal growth.

1.13.4. Create the Graft group using the 10 mm-long-segment of the MN described in the latter
step and rotating it 180°. Suture the proximal and distal stumps of the sectioned MN to the nerve
graft using interrupted 10/0 Nylon stitches.

1.14. Close the skin wound using interrupted 5/0 Nylon stitches%24,
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1.15. Provide postoperative analgesia with 7 mL of cherry-flavored acetaminophen mixed with
43 mL of tap water?’ to obtain a concentration of 4.48 mg/mLin 50 mL plastic water bottles made
available to the rats ad libitum for 3 days®.

2. Housing and physiotherapy

2.1. Allow rats to have contact with the physiotherapy apparatuses 2—4 weeks before surgery, in
order to ensure an easier and faster adaptation to the exercise settings. Perform the exercises by
following the procedures detailed below.

2.2. Once a day, place each rat inside an individual physiotherapy sphere, and subsequently place
the sphere in a room with few obstacles. Let the rat ambulate and explore the room freely for

half an hour.

2.3. House the rats individually in solitary cages with incorporated running wheels to help them
exercise.

2.4. Form groups of 4-5 animals and house these groups in personalized cages. Personalize the
cages by including ladders, ropes, running wheels, and other environmental enriching elements.

2.5. Return individual rats to personalized cages the day after surgery.

2.6. Resume physiotherapy exercises 3 days after surgery.

3. Functional tests

3.1. One week before starting to perform the functional tests, familiarize the rats with the food
treats to be used as positive reinforcement. Provide this reinforcement after the successful
completion of each test, before and after surgery. After the initial training period of 3 weeks,

resume all tests 1 week after surgery.

3.2. Conduct the tests in the evening, when the rats are naturally more active. Resume tests 1
week after surgery.

3.3. Perform the Grasping Test by placing the rat on a grid and lift it by its tail, letting it grab the
grid with its forepaws!®?®. Assign a “Positive” score if the rat can grab the grid with both
forepaws. Assign a “Negative” score if the rat cannot grab the grid with the injured paw.

NOTE: A positive Grasping Test indicates that the motor component of the MN is functioning®?’.
3.4. Perform a Pin Prick Test?%2°,

3.4.1. Make a plastic platform with a 4 mm x 4 mm square grid pattern. Provide support to this
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grid with a 21 cm long metallic frame.

3.4.2. Place the rat on the platform and cover the grid with a 15.5 cm x 15.5 cm x 11 cm
transparent plastic box. Wait for few minutes until normal activities (e.g., exploratory and major
grooming) subside.

3.4.3. Start the test when the rat is stationary and standing on its four paws.

3.4.4. With the help of a mirror, insert an aesthesiometer (e.g., number 4 Von Frey hair with a
bending force of 25 g) through the mesh and poke the palmar aspect of the forepaw in the skin
territory of the MN (Figure 1). Repeat the assessment 5x on each forepaw alternatively, waiting
a few seconds after each evaluation.

3.4.5. Check for the bending of the Von Frey filament3° for the correct evaluation. Score the
withdrawal responses as follows: “0” for no withdrawal response, “1” if the rat slowly removes
the paw from the filament, “2” if the rat quickly responds to the stimulus and removes the paw
or licks the paw.

NOTE: If ambulation and biting of the filament are observed repeat the stimulus, because these
are considered ambiguous responses.

3.5. Training sessions

NOTE: Train the rats daily for 3 weeks before performing the surgery in the evening in a low-light
environment. The training sessions are recommended specially for the rope climbing, ladder
rung, and walking tracks tests. These can be done in the order presented before, starting with
the rope climbing test, ladder rung, and finally walking tracks test. Allow the same animal a few
minutes of rest before a new test.

3.5.1. During the first week, place the rat on the last third of the ladder/rope/corridor, close to
the box’s entrance. Condition the animal to move towards the box opening by gently touching
and/or pulling the tip of its tail. Provide the rat a food treat once it enters the box, allowing it

some seconds of rest before repeating the test. Repeat it 5x each day for 5 days.

3.5.2. During the second week, place the animal on the second third of the ladder/rope/corridor
Repeat the stepsin 3.5.1.

3.5.2. During the third week, place the rat on the bottom of the ladder/rope/corridor, on the
opposite side of box’s entrance. Repeat the steps in 3.5.1, but only reward the animal when it
completes the test correctly.

3.6. Perform the Ladder Rung Test.

NOTE: This test is used for assessing forelimb strength, stepping, placing, and coordination3?.
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3.6.1. Place the rat at the bottom of the ladder (120 cm x 9 cm x 2 cm with 18 steps 1.5 cm-thick,
spaced 4 cm apart) and gently touch the rat's tail. Ensure that the ladder is placed at an inclination
of 10° and leads to a 13.20 cm x 11 cm opening on a dark wooden 31.5 cm x 35 cm x 35 cm box.

3.6.2. Start the timer once the rat starts climbing the ladder and stop the timer once the rat’s
snout crosses the box’s entrance.

3.6.3. Record the time and repeat the test 3x, each separated at least by a 1 min interval.

3.7. Rope Climbing

NOTE: This test is used for assessing grasping strength, which is dependent on MN recovery?.
3.7.1. Put the rat at the bottom of the rope and persuade it to climb by gently touching its tail.
Start the timer once the animal starts climbing and stop it the moment the rats’ snout crosses
the platform’s entrance.

3.7.2. For each test, record the time taken to climb to the platform and the number of slips of
the injured paw while the rat climbs up the rope. Consider the test valid if the animal does not
hesitate during the task or does not stop climbing. Provide the rat with a snack after performing
the task correctly.

3.7.3. Record the time and repeat the test 3x, each separated at least by a 1 minute interval.
3.8. Walking Tracks

NOTE: This test is used for the evaluation of forelimb motor recovery3334,

3.8.1. Set up an apparatus consisting of a confined walkway 16.5 cm in height x 8.7 cm in width x
43 cm in length. Ensure that this leads to a rectangular 8.8 cm x 8.2 cm opening in one of the
walls of a black wooden 23 cm x 36 cm x 28 cm box. Include a vertical sliding door to close the
box’s entrance rapidly. Include a removable top to be used for retrieving the rat3334,

3.8.2. Place a piece of graph paper on the corridor’s floor. Grab the rat by its tail and let it hold a
painting brush soaked in methylene blue. Position the rat at the entrance of the corridor to make
it walk inside the box. Remove the graph paper from the corridor’s floor and repeat the test until
a good representative impression of both forepaws is obtained.

3.8.3. From the obtained prints, select one with clear successive forepaw prints, photograph
them in a tiff or jpeg format, and measure the following parameters using the open access
software FIJI3®.

NOTE: First, calibrate each image using the markings in the graph paper (Analyze | Set scale)
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Second, convert each image to an 8-bit format (Image | Type | 8-bit). Subsequently, use the
Rectangular Selection Tool to select the paw print. Crop this portion of the image (Image | Crop).
In each image, highlight the pawprints and remove the background by thresholding the image
(Image | Adjust | Threshold).

3.8.3.1. Measure the stance factor by measuring the paw impression area. Use the Rectangular
Selection Tool to select the paw print and press Control + M.

3.8.3.2. Measure the print length factor by measuring the longest length of the paw impression
(for steps 3.8.3.2-3.8.3.6, use the Straight-Line Selection Tool for selecting the two most distant
points and press Control + M).

3.8.3.3 Measure the finger spread factor by measuring the widest width of the paw impression.

3.8.3.4. Measure the intermediate finger spread factor by measuring the widest width between
the second and third fingers.

3.8.3.5. Measure the stride length by measuring the distance between homologous points of
successive paw impressions on a given side.

3.8.3.6. Measure the base of the support by measuring the perpendicular distance between the
central portion of the paw impression and the direction of movement?°:3336,

NOTE: Perform the last two measurements in two pairs of representative consecutive bilateral
paw impressions3.

4. Physiological measurements

4.1 Infrared Thermography (IRT)37-3,

4.1.1. Ensure that the temperature of the room where the measurements will be performed is
between 18 °C-25 °C using a normal digital hydrothermometer with a thermal resolution of 0.1
°C. Ensure that no significant heat sources (e.g., computers or refrigerators) are present.

4.1.2. Acclimate the rats by bringing them to the evaluation room 2 h prior to the evaluation.
Before starting the experiment, anesthetize the rat as described above (steps 1.3-1.6) or

following the institution's protocol. Check for the lack of the response to a toe pinch before
starting the experiment.

4.1.3. Switch on the infrared thermographic camera 15 min prior to the acquisition and do not
turn it off during the evaluations. Set the emissivity parameter of the camera to match that of
the rat’s skin (e = 0.98)374041,

4.1.4. Place the rat on its dorsum on a clean and stable surface with a polyethylene sponge.
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Ensure that there are no reflective materials and other possible sources of artefacts. Fix its
forepaws carefully in supination with double face glue tape. Insert a digital thermometer 2 cm
inside the rectum to monitor the rat’s central temperature during all evaluations.

4.1.5. Hold the thermographic camera at a 90° angle and 30 cm distance from the rat. Focus the
camera on the whole animal’s body. Obtain three infrared thermography images spaced 30 s
apart.

4.1.6. Transfer the acquired thermograms to a computer and analyze them using analysis
software. Define the temperature of the plantar surface of both forepaws using a fixed
rectangular region of interest (e.g., 9 x 11 pixels) in the plantar territory of the MN, for example
in the center of the first metacarpal foot pad (Figure 1). Using the free FLIR Tools software, select
the thermography by double clicking on it. On the left tools bar select the button “Add box
measurement tool” and draw a rectangle of 9*11 pixels over the plantar area of both forepaws.
While adjusting the rectangle its dimension in pixels can be confirmed. Perform it on both
forepaws. On the right side of the image find the maximum, minimum, and average
temperatures.

4.1.7. Over the previously drawn ROI, right click and select export. The mean, maximum, and
minimal temperatures, as well as a matrix of temperatures of the ROl are then exported to a .csv
document. These data can later be explored using data analysis software.

4.2. Electroneuromyographic (ENMG) Evaluation

4.2.1. Set up an electrical stimulator. Tape a pair of disposable acupuncture needles (0.25 mm x
25 mm) with a negligible impedance [<1 Q]) and 25 mm between them to create electrodes for
stimulation. Now connect the stimulator and the electrode to a data acquisition unit to take the
incoming signals and convert them into digital signals that can be processed with the computer
software.

4.2.1. Perform the evaluations in the same room, and always under the same controlled
environmental conditions*?*4, Pinch the forepaw to ensure that the rats are deeply anesthetized
before starting data acquisition.

NOTE: Deep anesthesia is of paramount importance to minimize variability associated with
spontaneous voluntary and/or involuntary movements by the rats*.

4.2.2. Expose the MN on both sides under the surgical microscope as described in steps 1.8-1.13.
Use a number 15 scalpel blade to prolong the brachial incisions into the forearms with a ventral
midline incision.

4.2.3. Expose the superficial aspect of the flexor digitorum sublimis muscles by bluntly separating
the overlying antebrachial fascia using iris scissors. Insert the ground needle in the quadriceps

femoris muscle of the left hindlimb to connect the signal ground plug.
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4.2.4. Start with the right forepaw and place the recording electrodes into the flexor digitorum
sublimis muscle belly of the forepaw and the stimulation electrode proximal to the lesion site in
the MN. Moisten these electrodes with saline.

4.2.5. Ensure that the software is set as follows: channel input port 1 (CH1) — stimulator to 0-10
V; and channel input port 2 (CH2) - EMG to 30-1,000 Hz. Start by choosing a stimulation
amplitude of 10 mV and record the compound muscle action potentials CMAPs sample rate of
50 kHz for a duration of 40,000 ms. Gradually increase the stimulation amplitude in 10 mV steps
until reaching 2,000 mV. Repeat the same for the left paw*>44,

NOTE: The signal is amplified to 1,000x and filtered using a 30—1,000 Hz band. The stimulation
output is set for a single pulse with a duration of 1 ms*%44,

4.2.6. Open the recorded file in the recording apparatus software.

NOTE: By default, the screen will show tow windows on top in red, the stimulator pulses, and
below in blue the recorder ENMGs. Sliding the horizontal scroll bar underneath the time scale
allows visualization of the full record. The two main tools, Zoom tool and I-Beam tool, are on the
bottom right side of the panel. Using the Zoom tool, it is possible to optimize the visualization of
the CMAPs and explore the graphics. To guarantee a good fitting on the visualization screen, it
may be necessary to adjust the display after zooming. To do so, select Display|Autoscale
Waveforms. The I-beam tool allows the selection of specific areas of the graphs and performance
of the desired measurements. On top of the graphs, there are three small windows where the
measurements are displayed. P-P shows the average amplitude value of the selected area in volts
(both in the stimulator record and in ENMGs), whereas Delta-T shows the time interval of that
selection.

4.2.7. Measure the parameters from the compound muscle action potential (CMPAs, described
in Table 1) using the homonymous measurement tools from the software plug in “Toolbox for
unsupervised classification of MUAPs and action potentials in EMG”%.

4.2.8. For each rat, determine a minimal value of stimulation voltage after which the CMAPs
amplitude does not increase further. Start from a 0.05 mV stimulus, and give successive

increasing stimuli in incremental voltages of 0.05 mV.

4.2.9. Apply a stimulus 20% above this voltage in order to obtain a supramaximal stimulation
value.

4.2.10. After the latter value is determined and the corresponding stimulus applied, record the
next CMAPs parameters.

4.3. Flexion strength evaluation
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4.3.1. Use the same stimulator and stimulation electrodes to electrically stimulate the MN as in
step 4.2. Set the input channel CH1 as the stimulator (0—10 V) and the output settings for stimuli
duration of 30 s with pulses of 1 ms duration and 1 Hz frequency. Link a dynamometer, with a
resolution of d =0.001 N to a computer.

NOTE: Real time visualization of data can be obtained by building a plot of force per time (N/s)
using the software previously installed on the computer and linked to a dynamometer4®.

4.3.2. Place the rat as described in step 4.1.4. Place a 5/0 silk suture loop through the second
interosseous space of both forepaws. Attach the suture loop to the dynamometer’s hook and the

forepaw aligned with the dynamometer without putting excessive strain on the suture line.

4.3.3. Fix the contralateral paw with tape to avoid spurious movement interferences in the
dynamometer readings.

4.3.4. Set the dynamometer to zero by clicking on the ZERO button.

4.3.5 Adjust the stimulator to a supramaximal amplitude stimulation of 1.5 V by adjusting the
voltage knot.

4.3.5. On the PC, open the software AFH-01. Open the separator “Device” and select the device
FH5. Create a new file (“Measurements1” is the name given by default) and rename the file.

4.3.6 Place the electrode on the proximal part of the MN, click on play at the bottom of the
program, record the pull on the dynamometer for 30 s.

4.3.7. Import the values obtained to a data analysis software. Calculate the maximum and
average force values and the area under the curve (AUC) for the strength x time graph for each
evaluation.

4.3.8. Repeat for the left forepaw.

4.4. Muscle weight

4.4.1. Euthanize the rats under general anesthesia by exsanguination®’48,

4.4.2. Harvest the flexor carpi radialis muscle from both forearms, dissecting the muscle from its
origin until its distal tendon insertion, using a number 15 scalpel blade.

4.4.3. Weigh the muscles with a precision scale®*.
REPRESENTATIVE RESULTS:

A total of 34 rats were randomly divided into the following groups: Sham (n = 17), Excision (n =
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17), and Nerve Graft (n = 10) for the operation. All rats survived surgery and the postoperative
period uneventfully. One week after surgery and for the subsequent 100 days, all animals
underwent the functional tests described above once a week. The representative results of each
of these tests are described below.

Grasping Test

The percentage of rats with a positive response in the grasping test was highest for the Sham
group. This value gradually increased over time in rats from the Crush and Nerve Graft groups
(Figure 3).

Pin Prick Test
Rats from the Sham group had the best scores in the cumulative pin prick test relative to rats
from the Nerve Graft group. Both had better scores than the rats in the Excision group (Figure 4).

Ladder Running Test

The rats’ velocity in the ladder running test was highest in the Sham group than in the rats
submitted to MN lesion. Among the latter, the time to run the ladder tended to decrease over
time, paralleling MN recovery (Figure 5).

Rope Test

As in the ladder running test, the time the rats took to climb the rope was shorter in the Sham
group compared to the groups in which the MN was injured. The rats' speed in this test increased
when the MN was allowed to recover (Figure 6).

Walking Track Analysis

Analysis of walking tracks tended to show changes in the morphology of paw prints (Figure 7).
These changes were often more pronounced in crushing injuries than in segmental nerve
lesions®P.

Infrared Thermography

Thermography was useful when examining temperature differences between the forepaws in
the first 30 days after surgery. Temperature differences were more noticeable in rats with a more
severely injured MN, such as in those from the Excision group (Figure 8 and Figure 9).

Electroneuromyography

Table 1 summarizes the biological importance of the electroneuromyography measurements,
providing representative results for the different experimental groups. Various patterns were
observed with electroneuromyography. A normal CMAP was typical of a rat from the Sham
group, while a polyphasic CMAP was associated with a variable degree of lesion of the MN, as in
the Crush and in the Nerve Graft groups (Figure 10). In the Excision group, no CMAPs were
observed.

Wrist Flexion Strength
Given that wrist flexion is mainly dependent on the MN, this test was used to evaluate motor
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recovery in this nerve’s territory. Wrist flexion strength was closest to normal when recovery was
maximal (Figure 11).

Muscle Weight and Morphology

The weight and morphology of the flexor carpis radialis muscle were dependent on MN recovery,
as this muscle is innervated exclusively by the MN®°, Thus, normal weight and morphology were
observed in the Sham group. A loss of weight and muscle trophism was observed in the Crush,
Nerve Graft, and Excision groups (Figure 12).

FIGURE AND TABLE LEGENDS:

Figure 1: Schematic representation of the anatomy of the median nerve of the rat. (1) Origin
and termination of the median nerve in the rat brain (green area = primary motor area; blue area
= primary sensory area). (2) Transverse section of the spinal cord at C7 segment level; (3) Axillary
nerve; (4) Musculocutaneous nerve; (5) Radial nerve; (6) Median nerve; (7) Ulnar nerve; (8)
Medial cutaneous branch of the arm; (9) Medial cutaneous branch of the forearm; (10) Axillary
artery; (11) Brachial artery; (12) Median artery; (13) Superficial radial artery; (14) Ulnar artery;
(15) Motor branch of the median nerve to the pronator teres muscle; (16) Motor branch of the
median nerve to the flexor carpis radialis muscle; (17) Motor branch of the median nerve to the
flexor digitorum superficialis muscle; (18) Motor branch of the median nerve to the flexor
digitorum profundus muscle; (19) Sensory branch of the median nerve to the thenar region; (20)
Common palmar artery of the first interosseous space; (21) Radial palmar digital artery of the
first digit; (22) Motor branch of the median nerve to the thenar muscles; (23) Palmar arterial
arch; (24) Radial palmar digital nerve of the first digit; (25) Ulnar palmar digital nerve of the first
digit; (26) Common palmar artery of the third interosseous space; (27) Motor branches of the
terminal divisions of the median nerve to the first three lumbrical muscles; (28) Ulnar palmar
digital nerves of the second, third, and fourth digits; (29) Ulnar palmar digital arteries to the
fourth and fifth digits; (30) Radial palmar digital nerves of the second, third, and fourth digits;
(31) Radial palmar digital artery of the fifth digit; (32) Skin territory of the median nerve in the
forepaw (blue-shaded region).

Figure 2: Photograph of the right forelimb of the rat showing the surgical anatomy of the
median nerve in the arm and axillary regions. Cr, cranial; Me, medial

Figure 3: Percentage of rats with a positive grasping test in the different experimental group
over a period of 100 days after surgery.

Figure 4: Nociception evaluation using cumulative pin prick test results in the operated forepaw
normalized to the contralateral paw in the different experimental groups. Vertical bars
represent 95% confidence intervals. Horizontal lines in the upper part of the figure indicate
statistically significant differences between experimental groups, ***p<0.001.

Figure 5: Average speed in the ladder running test in the different experimental groups. Vertical
bars represent 95% confidence intervals. Asterisks in the upper portion of the figure indicate

statistically significant differences between groups, *p<0.001.
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Figure 6: Average climbing velocity in the rope test in the Sham and Excision groups. Vertical
bars represent 95% confidence intervals. Asterisks in the upper portion of the figure show
statistically significant differences between groups, *p<0.05; **p<0.01.

Figure 7: Walking track parameters in the different experimental groups. Values on the
operated limb are expressed as percentages of means normalized to the contralateral limb. (A)
Stance factor; (B) Print length; (C) Finger spread factor; (D) Intermediate finger spread factor; (E)
Stride length; (F) Base of support. Vertical bars represent 95% confidence intervals. Horizontal
lines in the upper portion of the figure indicate statistically significant differences between
experimental groups. D30, D60, D90 = 30, 60, and 90 days after surgery, *p<0.05; **p<0.01;
**%¥p<0.001.

Figure 8: Mean temperature difference registered by infrared thermography. The box plots
represent the temperature difference between the palmar region of the median nerve on the
operated side (right side) and the contralateral side (left) in the Sham (n = 17) and Excision (n =
17) groups, *p<0.05; **p<0.01.

Figure 9: Typical infrared thermography pattern of an animal from the excision group during
the first 45 days after surgery.

Figure 10: Typical patterns of Compound Muscle Action Potentials (CMAPs) from an animal
from the Sham and Nerve Graft groups 90 days after surgery.

Figure 11: Evaluation of wrist flexion strength on both forepaws 90 days postoperatively in
different experimental groups. Wrist flexion strength was assessed using the area under the
curve (AUC) over a time period of 30 s and using supratetanic stimulation. Vertical lines denote
95% confidence intervals. Horizontal lines in the upper portion of the figure highlight statistically
significant differences between groups, **p<0.01.

Figure 12: Flexor carpi radialis muscle weight and macroscopic appearance 100 days after
surgery. (A) Box plots depicting the normalized flexor carpi radialis muscle weight in different
experimental groups, **p<0.01; ***p<0.001. (B) Photographs of the muscles on the right and left
sides in the Sham and Excision experimental groups.
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DISCUSSION:

This paper presents a protocol to create different types of MN lesions and repair in the rat.
Additionally, it illustrates how to evaluate the functional recovery of this nerve using several
noninvasive behavioral tests and physiological measurements.

Notably, several of the functional tests described in this paper, namely the Ladder Running Test
and the Rope Test, are significantly dependent on the rat’s willingness to perform the task with
the expectation of obtaining the food reward>'=3, It should be noted that certain rat strains are
more amenable to training and performing reproducibly in this type of tests®'>3. For example,
Lewis rats perform poorly in these tests both in the training phase and subsequently>1-3,

Rat housing should permit ample freedom of movement in agreement with their natural
exploratory behavior, in addition to allowing experimental animals to get familiar with some of
the elements present in the functional tests'®. Therefore, different forms of housing allowing
higher freedom of movement are shown. The big cages are personalized with enrichment
elements that are later used in the functional tests (e.g., ropes and ladders).

Arguably, these enriching elements as well as the cages with incorporated running wheels and
the individual training spheres provide a form of postoperative physiotherapy similar to that
offered to human patients operated on the peripheral nervous system?°.

Significantly, although some authors advocate dissecting the subcutaneous tissues and muscle
fasciae bluntly or by clean cutting with a number 15 scalpel, the use of thermocautery when
dissecting these structures is recommended to minimize the risk of postoperative hematoma.

It should be noted that numerous tests have been devised to test different aspects of peripheral
nerve repair in the rat, namely axonal regeneration, target reinnervation, and functional
recovery, some of which are beyond the scope of this study?>°4>¢, For example, kinematic
analysis?®3%>> and histomorphometric assessment?>3%>7 are widely employed by multiple
authors. Additionally, several of these tests involve variations to maximize efficiency and/or
reproducibility®*. For example, mechanical algisemetry (i.e., evaluation of responses to
mechanical painful stimuli) can be assessed qualitatively using a given von Frey filament, as
described in the present paper, or semiquantitatively using successively stronger von Frey
filaments, or even quantitatively using electronic devices that apply increasing pressures until a
withdrawal response is observed30>4,

Similarly, although several authors use walking track analysis to evaluate forelimb nerve repair
in the rat, other authors argue that single MN lesions frequently fail to produce reproducible
changes in pawprints'%>8>° Furthermore, some have stated that these changes may not be
proportional to muscle recovery'®®0, Bearing this in mind, some researchers have advocated the
use of walking track analysis in the forepaw mainly when assessing recovery after crushing neve
lesions rather than after segmental nerve reconstruction0->0:61,

The Grasping Test is widely used to evaluate motor recovery of the muscles controlled by the

Page 14 of 19 revised May 2019



651
652
653
654
655
656
657
658
659
660
661
662
663
664
665
666
667
668
669
670
671
672
673
674
675
676
677
678
679
680
681
682
683
684
685
686
687
688
689
690
691
692
693
694

MN627 To guarantee uniformity and reproducibility of the data obtained with this test, applying
the Grasping Test using the well-established methodology proposed by Bertelli et al.'® is
recommended. However, the current protocol differs in that it does not routinely immobilize the
contralateral paw to prevent undue stress'*?’. It should also be noted that other authors, after
immobilizing the uninjured paw, quantitatively assess the Grasping Test using a dynamometer or
a scale?’°®, However, this quantitative evaluation may be affected by the strength the researcher
applies to the rat’s tail’®. Furthermore, it is difficult to distinguish between the strength
generated by the digital flexor muscles (solely innervated by the MN in the rat and the object of
the Grasping Test®) from the strength produced by the wrist flexors, which include the flexor
carpi ulnaris that receives its innervation from the ulnar nerve®'%27, In order to try to circumvent
these potential biases, this protocol uses an ordinal scale similar to the Medical Research Council
Scale commonly used to grade muscle strength in humans!®1%62_ Alternatively, other authors
have described detailed assessment of grasping using video analysis and a video-based scoring
system?11.63,

A potential disadvantage of using the MN compared to the sciatic nerve is that a greater amount
of information is available regarding the latter nerve. This, in turn, can make comparison of data
obtained with the MN with that of prior experimental works more difficult*¢#864, Additionally,
the smaller size of the MN compared to the sciatic nerve makes surgical manipulation more
challenging®1227:56:65,

Contrary to the methodology described in this paper, the electroneuromyography evaluation can
be performed using transcutaneous monopolar electrodes placed in the arm and thenar
regions®!. Despite being less invasive, this method carries the risk of potential confusion due to
the possibility of costimulation of the ulnar nerve in the arm region®°?,

Most authors concur that not all tests used in the rat provide concordant results, as peripheral
nerve repair depends on a complex array of factors, comprising neuron survival, axonal
elongation and pruning, synaptogenesis, successful recapture of the denervated sensory organs
and motor units, and brain plasticity”10:50.66,67,

Finally, it should be noted that a significant caveat of rodent models is that rat peripheral nerves
are much closer to their end organs and have much smaller cross-sectional areas than the
homologous human structures. However, this size difference guarantees faster experimental
data in rodents, and better overall results in rats in comparison to humans are to be expected®®.
Indeed, several authors warn that care must be used when trying to extrapolate experimental
data obtained in peripheral nerve repair using rodents to humans’®. Primate models are
considered more comparable’®. Nevertheless, their use is associated with vexing ethical,
logistical, and budget constraints’?.

Even though the sciatic nerve is the most commonly used nerve in peripheral nerve research, the
rat MN presents multiple advantages. For example, MN lesions are associated with a smaller
incidence of joint contractures and automutilation of the affected paw!121636  Sjgnificantly,
autotomy subsequent to sciatic nerve transection afflicts 11-70% of rats. This may make current
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evaluations like the sciatic index impossible!4. This, in turn, makes the estimate of the number of
animals required to obtain a given statistical power cumbersome®.

In addition, as the MN is shorter than the sciatic nerve, nerve recovery is observed sooner>8727¢,
Furthermore, the MN is not covered by muscle masses, making its dissection technically easier
than that of the sciatic nerve®. Additionally, the MN has a parallel path to the ulnar nerve in the
arm. Hence, the ulnar nerve can easily be used as nerve graft for repairing MN injuries. Finally, in
humans, most peripheral nerve lesions occur in the upper limb, which further supports the use
of this nerve in the rat’”78.

Arguably, rodents are the experimental animals most commonly used in the realm of peripheral
nerve repair*®’°, As shown, the rat MN is a convenient model of peripheral nerve lesion and
repair. In fact, there are multiple standardized strategies available to assess motor and sensory
recovery, permitting an easier comparison of results36466080-82 Many of these methods are
noninvasive, allowing for daily assessment.

Moreover, physiotherapy is part of the standard of care of patients recovering from peripheral
nerve injuries. As demonstrated in this paper, there are multiple strategies to provide a
postoperative physiotherapy-like environment to rats submitted to MN injuries*. Hence, this
model is particularly suitable to replicate the clinical scenario, facilitating extrapolation of results
to the human species!?27,48,56,5883,

As shown in this paper, multiple standardized strategies are available to assess motor and
sensory recovery in the MN model of the rat. The majority of these are noninvasive procedures,
allowing frequent assessment. Moreover, as most peripheral nerve lesions in the human species
occur in the upper limb, the mentioned experimental physiotherapy settings can more aptly
mimic recovery in the clinical context. Arguably, this can facilitate extrapolation of results to the
human species, further validating the use of this nerve in the rat.
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Table 1. Electroneuromyographic assessment
at the end of the experiment

NG, nerve graft

CMAPs, compound muscle action potential.

N/A, non-applicable



All parameters are expressed as percentages of
the average contralateral values.

Numeric variables are expressed as average *
standard deviation.
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Rebuttal Letter Click here to access/download;Rebuttal Letter;Rebuttal letter_R3.docx X

Dear Professor Vineeta Bajaj

Editor of the Journal of Visualized Experiments,

We are now resubmitting a revised version of the paper entitled “Functional and
physiological methods of evaluating median nerve regeneration in the rat” (JoVE59767_R2).

We have performed all the suggested changes to the manuscript and to the video.

We would like to start with by once more thanking you and the referees for the time you

have taken to thoroughly review our paper, and for your remarks and suggestions.

We have performed all the changes you suggested, as detailed below:

Editorial comments:
1. The editor has formatted the manuscript to match the journal's style. Please retain the
same.

We kept the formatting introduced by the editorial team.

2. Please address all the specific comments marked in the manuscript.

We performed all the changes suggested by the reviewers throughout the article.

3. Please reword 376-378, 380-381, 388-389, 438-439, 520-521, 642-645, 649-651, 682-685,
694-695 as it matches with previously published literature.

We rephrased the mentioned sections of the text. These changes have been highlighted in the
manuscript using the “track changes mode”.

4. Figure legends for Figure 4,5,6,7 matches with previously published literature. If the figures
are reprinted, please include reprint permission. If not then please reword.

These figures are original and have not been published elsewhere. We reworded the mentioned
figure legends.


https://www.editorialmanager.com/jove/download.aspx?id=1185161&guid=551fb09f-0733-427b-843c-1e120b34b823&scheme=1
https://www.editorialmanager.com/jove/download.aspx?id=1185161&guid=551fb09f-0733-427b-843c-1e120b34b823&scheme=1

5. Please ensure that the protocol length is no more than 10 pages including headings and
spacings.

Presently, the protocol is composed of 9 pages (pages 3 to 11 of the manuscript).



Video:

1. 0:10 - Please remove the titles (MD, PhD) from the name. Also, do not include plastic and
reconstructive surgeon, instead please include the hospital/institute affiliation.
2. 2:49 - When showing the name of the talent, please remove MSci, and Biomedical
Engineering. Please include the name of the hospital, university, etc (e.g., NOVA Medical
School).

3. 0:46 — Please change the subheading to match the section title in the protocol text.
4. 2:04 - Please remove the subheading “experimental groups” as this is not present in the text.
Please make this section continuous.
5. Please have the same subheadings both in the text and the video. Please remove 3.1Median
Nerve exposure from 0.46 and change it to Median nerve surgery as in the text.
6. Please remove the numbering from the subtitle cards throughout the video and from the
representative result and conclusion title card as well.
7. 6:01: The VO is cut at this part.

We have performed all the requested changes to the video.



Once more, we believe that the modifications we have performed in the video and
manuscript according to the reviewers’ specifications have significantly improved the original

paper.

As we noted earlier, arguably, using the median nerve (MN) of the rat, it is possible to
adequately replicate peripheral nerve lesions in humans.'3 In this paper we present a model of
peripheral nerve lesion and repair in the rat. In particular, we demonstrate in a detailed fashion
the steps required to create and repair different types of MN lesions in the rat. Moreover, we
introduce different settings used to simulate postoperative physiotherapy. Finally, we illustrate

how to evaluate functional recovery of this nerve using several tests.

We strongly believe that this model is particularly indicated to replicate the clinical

scenario, facilitating extrapolation of results to the human species.

We base this description in our groups’ 12-year experience with the use of this model
for both teaching and research purposes.»* To make this subject more perceptible to a wider
audience, we have included an original professional-drawn diagram illustrating the relevant

anatomy of the MN in the rat (Figure 1).

Hence, we believe this paper will undoubtedly be of great interest to the readers of JOVE,
as the MN model has multiple advantages relatively to the most commonly used sciatic nerve

model.}>7
We very much hope you decide to publish it!
If you have any doubts or queries, please do not hesitate to contact us.

Thank you so much for your time and kind attention.

The authors
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ﬁ()pen Access

e 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 tained therein; “Author”
means the author who is a signatory to this Agreement;
Collemve Work" means a work, su

periodical issue,

ar~fT

of Ihelourna
ans the Article

Author and JoVE

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
transiations, 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.

please contact us at submissions@jove.com or +1.617.945.9051.
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a. 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.
& 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 transiate the Video into other languages,
create adaptations, summaries or extracts of the Video or
other Derivative Works or Collective Works based onall 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 rgnts may be exercised in 3| 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.
::Er Zr;»;hvocr!enoer:ba:hg(:ar[ [:S:cfiont: is applicabl_e, Jo\{E and
Video as provided 1 O the public all such vnghts in the
» DUt subject to 3| limitations and
réquirements set forth in, the CRC License,
7 Government Employees. If the Author is a United
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rights permitted under such statute. In such case., .:'I:
provisions contained herein that are not in conflict wi
such statute shall remain in full force and effgct, and all
provisions contained herein that do so conflict shall be
deemed to be amended so as to provide to JoVE the
maximum rights permissible within such statute.

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

9. Likeness, Privacy, Personality. The Author hereby
grants JoVE the right to use the Author’s name, voice,
likeness, picture, photograph, image, biography and
performance in any way, commercial or otherwise, in
connection with the Materials and the sale, promotion and
distribution thereof. The Author hereby waives any and all
rights he or she may have, relating to his or her appearance
in the Video or otherwise relating to the Materials, under
all applicable privacy, likeness, personality or similar laws.
10. Author Warranties. The Author represents and
warrants that the Article is original, that it has not been
published, that the copyright interest is owned by the
Author (or, if more than one author is listed at the beginning
of this Agreement, by such authors collectively) and has not
been assigned, licensed, or otherwise transferred to any
other party. The Author represents and warrants that the
author(s) listed at the top of this Agreement are the onl,
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
Autf’{or fepresents and warrants that it has and will
continue to comply with all government, institutional and
other regulations, including, without limitation al|
ms,.tltutlonal, laboratory, hospital, ethical, human and

review board.

11. JoVE Discretion,
assistance of JoVE in produci
facility, the Author shall ens

0 3 2ie .
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discretion, elect not take any action with respect to the
Article until such time as it has received complete, executed
Article and Video License Agreements from each such
author. JOVE reserves the right, in its absolute and sole
discretion and without giving any reason therefore, to
accept or decline any work submitted to JoVE. JoVE and its
employees, agents and independent contractors shall have
full, unfettered access to the facilities of the Author or of
the Author's institution as necessary to make the Video,
whether actually published or not. JoVE has sole discretion
as to the method of making and publishing the Materials,
including, without limitation, to all decisions regarding
editing, lighting, filming, timing of publication, if any,
length, quality, content and the like.

2. 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
E’Sewhefe by JoVE. The Author shall be responsible for, and
e
v : cleanliness or by contamination due to
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the making of a video by JoVE its employees, agents or

independent contractors. All sterilization, cleanliness or

decontamination procedures shall  be solely the

responsibility of the Author and shall be undertaken at the

Author’s expense. All indemnifications provided herein

shall include JoVE's attorney’s fees and costs related to said

losses or damages. Such indemnification and holding

harmless shall include such losses or damages incurred by,

or in connection with, acts or omissions of JOVE, its

employees, agents or independent contractors.

13. Fees. To cover the cost incurred for publication,

JOVE must receive payment before production and
publication of the Materials. Payment is due in 21 days of
invoice. Should the Materials not be published due to an
editorial or production decision, these funds will be
returned to the Author. Withdrawal by the Author of any
submitted Materials after final peer review approval will
result in a 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 docum e se i
ument must be sent with all new submissions. Only one Agreement is required per submissi
ission.

CORRESPONDING AUTHOR
Name:

Department:
Institution:

Title:

Fax the document
to +1.866.38
Mail the document to JoVv i

For questions, pleas

2

E / Attn: JoVE Editori
al /1 Alewife Center
#200 / Cambrid
ge, MA 02140

€ contact us at submissi j
ons@jove.com or+1
.617.945.9051




