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24 SHORT ABSTRACT:
25  Neurotransmitter alteration is a mechanism of neural dysfunction that occurs after concussion
26 and contributes to the sometimes-catastrophic long-term consequences. This rat model
27  combines microdialysis, allowing in vivo neurotransmitter quantification, with a weight-drop
28 technique exerting rapid acceleration and deceleration of the head and torso, an important
29  factor of human craniocerebral trauma.
30
31 LONG ABSTRACT:
32  Persistent cognitive and motor symptoms are known consequences of concussions/mild
33  traumatic brain injury (mTBIs) that can be partly attributable to altered neurotransmission.
34  Indeed, cerebral microdialysis studies in rodents have demonstrated an excessive extracellular
35 glutamate release in the hippocampus within the first 10 min following trauma. Microdialysis
36  offers the clear advantage of in vivo neurotransmitter continuous sampling while not having to
37  sacrifice the animal. In addition to the aforementioned technique, a closed head injury model
38 that exerts rapid acceleration and deceleration of the head and torso is needed, as such a factor
39 is not available in many other animal models. The Wayne State weight-drop model mimics this
40 essential component of human craniocerebral trauma, allowing the induction of an impact on
41  the head of an unrestrained rodent with a falling weight. Our novel and translational rat model
42  combines cerebral microdialysis with the Wayne State weight-drop model to study, in lightly
43  anesthetized and unrestrained adult rats, the acute changes in extracellular neurotransmitter
44  levels following concussion. In this protocol, the microdialysis probe was inserted inside the
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hippocampus as region of interest, and was left inserted in the brain at impact. There is a high
density of terminals and receptors in the hippocampus, making it a relevant region to document
altered neurotransmission following concussion. When applied to adult Sprague-Dawley rats, our
combined model induced increases in hippocampal extracellular glutamate concentrations
within the first 10 min, consistent with the previously reported post-concussion symptomology.
This combined weight-drop model provides a reliable tool for researchers to study early
therapeutic responses to concussions in addition to repetitive brain injury, since this protocol
induces a closed-head mild trauma.

INTRODUCTION:

The purpose of this method is to provide researchers with a reliable tool that faithfully
reproduces the biomechanics of human craniocerebral trauma while allowing longitudinal
characterization of the molecular effects of concussions/mild traumatic brain injury (mTBIs). This
method combines cerebral microdialysis with the Wayne State weight-drop model to document,
in lightly anesthetized and unrestrained adult rats, the acute changes in extracellular
neurotransmitter levels following concussion. With this minimally-invasive method,
neurotransmitters such as glutamate, GABA, taurine, glycine and serine can be rapidly and
continuously quantified following trauma, in vivo, while not having to sacrifice the animal.

Concussion/mTBlI is a pathophysiological disruption that affect brain functioning caused by an
external force mechanism. Concussion/mTBI is the most common form of traumatic brain injury,
accounting for 70-90% of cases®. Most of the acute functional disruptions following a concussion
can be attributed to a primary and a secondary brain injury?3: (1) the primary brain injury is
induced by the rapid acceleration and deceleration of the head and torso which damages brain
tissues by compression followed by the stretching and shearing of axons during the backlash*®
and (2) the secondary brain injury is the indirect cellular response to the trauma. It takes place
hours and days after the primary brain injury and plays an important role in the motor and
cognitive impairment observed over time. Many of the symptoms can be attributed to altered
neurotransmission such as the previously demonstrated excessive extracellular glutamate
release in the first 10 min following injury’. Given its high density of terminals and receptors,
the hippocampus is a brain structure particularly vulnerable to this excitotoxic response following
injury. Being heavily involved in cognitive function'®!!, studies in rodents reported that
hippocampal damage associated with concussion can lead to impairments in fear conditioning
and learning spatial memory*?13, The primary objective of this methodology was to work out a
rat model of concussion/mTBI, using the Wayne State closed head weight-drop procedure to
faithfully reproduce the mechanisms of the primary brain injury, and incorporate cerebral
microdialysis to study in vivo, the acute extracellular neurotransmitter changes due to the
secondary brain injury following a concussion. Concentrations of extracellular glutamate and
GABA were measured in the hippocampus to act as representative results of our method.

Previous rodent studies have combined microdialysis and other models of injury, such as the
open-skull weight drop and controlled cortical impact, to demonstrate the acute changes in
extracellular neurotransmitter levels following an injury of varying severity degrees'#'’.
However, in addition to the high degrees of variability, the translational value of models like the
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open-skull weight drop and controlled cortical impact is hampered by an inherent lack of
ecological validity due to 2 factors: (1) these models induce injuries much more severe than sport-
related concussions suffered in humans, involving direct brain loading and (2) these models
necessitate a craniectomy or a craniotomy, the head of the rodent being completely restrained
in a stereotaxic frame, impeding the rapid acceleration and deceleration of the head and torso,
thus poorly reproducing the biomechanics of concussion.

Microdialysis is a minimally-invasive method which offers the clear advantage of sampling
neurotransmitters such as glutamate, GABA, taurine, glycine and serine, in vivo and continuously
following trauma, while not having to sacrifice the animal. In addition to the advantages offered
by microdialysis, the Wayne State University developed a closed-skull weight-drop model (as
opposed to open-skull from other models), which allows the induction of a mTBI on a lightly
anesthetized and unrestrained rodent, thus allowing the rapid acceleration and deceleration of
the head and torso!®. As mentioned previously, the acceleration and deceleration of the head
and torso is a core biomechanical feature of sport-related concussions seen in humans that
previous rodent mTBI models have failed to address. The weight-drop procedure can be done
very quickly and does not require any prior surgery or scalp incision. Following induction of the
concussion, rodents recover the righting reflex almost spontaneously and do not experience
paralysis, seizures or respiratory distress after a single impact. Intracranial bleedings and skull
fractures are rare, and only minor deficits in motor coordination have been reported in rodents.
This rat model is easy-to-use, inexpensive and facilitates the quantification of neurotransmitters
released in the acute phase following a concussion without removing the microdialysis probe
during the impact.

Our rat model combining microdialysis and concussion is appropriate for researchers seeking to
characterize longitudinally the molecular effects of concussion and could be used in a wide
variety of therapeutical studies. Indeed, despite several years of research and an overwhelming
need, no drug to prevent the long-term effects of concussions has passed the clinical trial phase®.
One of the potential reasons for these failures could be the use of animal models that do not
faithfully reproduce the traumatic biomechanical forces of concussions as experienced by
humans. The method presented here meets the definition of human concussions which specifies
that the primary brain injury is induced by a blunt impact as well as rapid acceleration and
deceleration of the head and torso?3.

Furthermore, our combined model is appropriate for researchers studying the effects of
repeated mild traumatic brain injury (rmTBI) since one of its key characteristics that sets it apart
from other animal models of concussion is that it makes it possible to induce repeated, mild
injuries to the same case!®. In humans, rmTBI is associated with more severe post-traumatic
symptoms, longer recovery times, and aggravated motor and cognitive impairments that tend to
spread over time?%2!, Other relevant animal models have also made it possible to better
understand the post-traumatic pathophysiology of rmTBI?>%’, Increased brain vulnerability has
been demonstrated in rodents after a minimum of 5 mTBI at 24-h intervals. Neuroinflammation
increases with the number of mTBI experienced and markers of neurodegeneration appear?®.
Repeated mTBI would prevent the transition of microglia from a proinflammatory mode to a
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normal mode of recovery, resulting in prolonged excitotoxic activity and activation of
neurodegenerative mechanisms 2°. With our model, rats could be exposed to 1 impact per day
over the period of 1 week for a total of 5 exposures. Given the simplicity of this animal model, it
could facilitate the characterization of the cumulative effects of the acute indiscriminate
neurotransmitter release arising immediately after a mTBI.

This model also allows animals to be readily exposed to 2 impacts per day, making it possible to
study even more severe conditions such as when an athlete receives another traumatic impact
within a short time from the first blow3°. As demonstrated in a previous study3!, the timing of a
second blow to the head can dramatically affect vascular and axonal damage. The closer the
second blow is to the first blow, the more damaging the consequences. This model is appropriate
for investigating how this particular condition affects extracellular neurotransmitter release.

In this method, the hippocampus was used as region of interest due to its relevancy in concussion
research but microdialysis samples can be collected from other regions of interest as well.
However, any other brain region has to be considered on account of the space left by the impact
site from the guide cannula, including the dental cement surrounding it, can take up a
considerable amount of space on the rat’s head. In addition to this, the microdialysis parameters
presented in this method such as the membrane’s molecular weight cut-off and active length,
the sampling time intervals and the flow rate can be adjusted according to the type of molecule
studied. The efficient collection of pro-inflammatory cytokines involved in concussions, for
example, would require a membrane with a much larger pore size.

PROTOCOL:

The animal protocol for this project obtained the approval from the Animal Care Committee of
the Hopital du Sacre-Coeur de Montreal in compliance with the guidelines of the Canadian Council
on Animal Care.

NOTE: A schematic outline of the research protocol is presented in Figure 1.
1. Animal preparation

1.1.  Order Sprague-Dawley rats from a standard laboratory animal supplier to be delivered
between 43 and 50 days of age and at a weight between 151 and 200 g.

1.2.  House all rats individually in a cycle of 12:12 h light: darkness, at 24-26 °C with ad libitum
access to water and food.

1.3.  During the 2 weeks before starting the protocol, handle the rats for 5 min on a daily basis
to facilitate their habituation in contact with researchers. Rats should be aged about 10 weeks
old and their weight should be between 295 and 351 g at the time of concussion or sham injury
induction.

2. Microdialysis guide cannula implantation surgery
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2.1.  Perform the surgery under sterile conditions. Wear sterile gloves, a hair bonnet and a
surgical mask throughout the procedure. Autoclave and sterilize all the materials and surgical
instruments beforehand. Clean and disinfect the working area and stereotaxic apparatus
thoroughly with a solution of ethanol (70%).

2.2.  Anesthetize the animals by injecting a cocktail of ketamine (70 mg/kg) and xylazine (10
mg/kg) intraperitoneally. Asses anesthetic depth by testing the reflex to a toe pinch.

2.3. Remove fur from the head of the animal using electric clippers. Clean shaved head using
a solution of 2% isopropyl alcohol and 2% chlorhexidine gluconate (3 times). Apply lubricating
eye ointment during the anesthesia to prevent dryness.

2.4. Drape-off the surgical field so that only the head of the animal is exposed. Place the head
of the rat in a stereotaxic apparatus, insert the ear bars into the ear canals with great care then
tighten the nose clamp. Fix a 26G stainless-steel guide cannula to the holder arm on the
stereotaxic apparatus.

2.5. Locally inject an anesthetic cocktail of bupivacaine (1.5 mg/kg) and lidocaine (1.5 mg/kg)
subcutaneously on the head, 10 min prior to incision.

2.6. Maintain anesthesia during the whole procedure by delivering sodium isoflurane (2.5%)
at 0.5 L/min oxygen flow with a nose cone.

2.7. Make a midline incision (3 cm) along the scalp with a scalpel. Leave the skull clear by
installing 4 clamps around the incision.

2.8. Scrape firmly the periosteum from the skull with a surgical blade until the Bregma and
Lambda sutures are visible. Maintain firm pressure on the skull with a gauze pad or cotton tipped
applicator if there is bleeding.

2.9. Confirm if the skull is correctly aligned on the stereotaxic apparatus by comparing the
dorsoventral coordinates of the Bregma and Lambda sutures. Identify the anteroposterior,
mediolateral and dorsoventral coordinates of the Bregma suture as the reference points for the
coordinates of the guide cannula.

2.10. Taking the Bregma suture coordinates as references, calculate the coordinates of the
guide cannula implantation site in the hippocampus.

NOTE: The following coordinates were determined according to the rat brain atlas from Paxinos
and Watson (anteroposterior: - 0.60 cm; mediolateral: + 0.58 cm; dorsoventral: - 0.16 cm, Figure

2A)32.

2.11. Mark the precise implantation site using a marker.
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2.12. Drill 2 0.5 mm hole through the cranium at the target site of the guide cannula. Drill 3
other holes approximately 5 mm around this point to thread 3 anchor screws into the skull that
will solidify the cannula after acrylic dental cement is applied.

2.13. Insert the cannula into the hippocampus and fix it with dental cement. This cannula will
be used to insert the probe into the region of interest 7 days later during the microdialysis
procedure. Be careful as to not spill excess dental cement around the site where the weight will
be dropped.

2.14. Leave the cement to dry for 2 min, then remove the holder arm from the cannula. Insert
a stainless-steel removeable obturator into the cannula to avoid cerebrospinal fluid seepage and
risks of infection.

2.15. Remove the 4 clamps, pull back the retracted skin and stitch it with a surgical suture
thread 4-0.

2.16. Remove the rat from the apparatus and inject buprenorphine subcutaneously to treat
pain (0.05 mg/kg, after surgery then once per day during the following 2 days). Place the rodent
back in its cage with a heating pad under until it becomes conscious, then return it to the animal
care facility for a 7 days recovery period under close monitoring.

3. Microdialysis procedure

3.1.  While performing the microdialysis procedure, wear sterile gloves, a hair bonnet and a
surgical mask. Seven days following the cannula implantation surgery, anesthetize the rat with
sodium isoflurane (2.5%) at 0.5 L/min oxygen flow.

3.2. Remove the obturator from the cannula and insert slowly a microdialysis probe, perfused
with artificial cerebral spinal fluid (ACSF) (26 mmol/L NaHCOs, 3 mmol/L NaH;P0O4, 1.3 mmol/L
MgCl3, 2.3 mmol/L CaCl,, 3.0 mmol/L KCI, 126 mmol/L NaCl, 0.2 mmol/L L-ascorbic acid), through
the cannula into the hippocampus or other region of interest.

NOTE: Rats need to be anesthetized only while removing the obturator and inserting the
microdialysis probe, and during induction of concussion or sham injury. The probes used here are
laboratory-constructed, I-shaped, and comprised of fused side-by-side silica inlet-outlet lines
[internal diameter (ID): 50 um] encased in polyethylene tubing (ID: 0.58-0.38 mm). The end of
the cannula is secured with a length of regenerated hollow cellulose membrane [molecular
weight cut-off: 13 kDa, outer diameter (OD): 216 um; ID: 200 um] using cyanoacrylate adhesive
and the tip sealed with epoxy. The active membrane measures 2.5 mm for implantation in the
hippocampus but can be adjusted according to the depth of the region of interest. The
connection of the indwelling cannula of the rat to the probe is secured with a fitted, threaded
stainless-steel collar.
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3.3. Fix the probe assembly to a stainless-steel spring tethered to a liquid swivel and counter
balance lever arm suspended above the cage with a ring stand and clamps so that the animal can
move freely within its cage. Tethered rats spend the entire duration of the microdialysis
procedure with ad libitum access to water and food.

3.4. Use a microinfusion pump to send perfusate to the probes, and collect the dialysate from
the fused silica outlet line (dead volume: 0.79 uL).

3.5. Atleast1hand 30 min before the procedure begins, turn up the probe to its working flow
rate (1 uL/min). Verify that the flow rate of the probe is consistent by measuring volume over
time with a syringe.

NOTE: The flow rate can be more or less depending on the neurotransmitters sampled and the
brain region of interest. Dialysis samples are taken before, during, and after concussion or sham
injury induction. Sampling interval depends on the brain region of interest, neurotransmitters
being analyzed, dialysate concentrations of the analyte, and sensitivity of the analytical chemistry
equipment used. The collecting phases done here in the hippocampus for glutamate and GABA
sampling are as follows:

1. Baseline: At beginning of experiment, collect dialysis samples at 10-min intervals for 60
min.
2. Post-concussion or sham injury: After concussion or sham injury, collect samples for an

additional 90 min (9 samples).

3.6. Collect each dialysate sample in a fraction vial preloaded with 1 pL of 0.25 mol/L
perchloric acid to prevent analyte degradation. Store the samples at 4 °C for subsequent analysis.

3.7. Following the collection of the last dialysate sample, re-anesthetize the rat with a nose
cone delivering sodium isoflurane (2.5%) at 0.5 L/min oxygen flow.

3.8. Remove the microdialysis probe from the cannula, re-insert the obturator and then return
the rat to the animal care facility.

4. Concussion apparatus installation

4.1.  Prior to commencement of procedure, carve a weight to be used to inflict the concussion
(19 mm in diameter) from solid brass to obtain a mass of 450 g. Insert a metal loop at the top of
the brass weight. Drill holes preliminary at a distance of 1.0 m inside a vertical polyvinyl chloride
(PVC) guide tube.

4.2. Slit an aluminum sheet with a sharp razor blade. The slotted aluminum sheet should
support the weight of the rat (295 to 351 g) without interfering with the acceleration of its body

after head impact from the brass weight.

4.3. Tape the slotted aluminum sheet tightly to a U-shaped Plexiglas frame (38 cm long x 27
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cm wide x 30 cm deep, Figure 3A,B) that contains a foam cushion (37 cm long x 26 cm wide x 12
cm deep).

4.4. Position the Plexiglas frame under a PVC guide tube (20 mm diameter x 1.5 m length).
4.5. Hold the PVC guide tube in place with a clamp stand 3.5 cm above the slotted aluminum.
4.6. Attach a nylon fly fishing line (capacity of 9.1 kg, 0.46 mm diameter) through the metal
loop so that the bottom of the weight hangs 2.5 cm over the slotted aluminum as to prevent
multiple hits when the rat is falling on the foam cushion following impact.

4.7.  Attach the nylon fly fishing line to the clamp stand.

4.8.  Pullup the weight through the PVC tube with the nylon fly fishing line then keep it in place
by inserting a hex key through the preliminary drilled holes at 1.0 m.

5. Concussion induction

5.1.  After the baseline phase of the dialysis samples collection, re-anesthetize the rat lightly
by placing a nose cone delivering sodium isoflurane (2.5% isoflurane at 0.5 L/min oxygen flow)
until it as no response to a toe pinch (as mentioned in section 3.1).

5.2.  Place the animal on its chest on the slotted aluminum sheet so that its head is positioned
directly in the path of the brass weight (Figure 3C,D). Maintain anesthesia with the nose cone to
make sure that the rat does not move or wake-up before the weight strikes it.

5.3. Remove the nose cone and pull the hex key. The weight will fall vertically through the PVC
tube and impact the head of the rat. The rat will undergo a rapid 180° rotation and land on its
back (Figure 3E).

5.4. Remove the rat from the foam cushion and place it on its back in its cage.

5.5. Use a digital timer to measure the righting reflex time as a sign of recovery and injury
severity. The righting reflex time is the total time from the impact until the rodents wake up and
spontaneously right themselves to the prone position from the supine position, or start walking.

Note any signs of death, fracture, or bleeding.

NOTE: The procedure can be repeated on the same subject at different time points for repeated
concussions.

6. Sham induction

6.1. After the baseline phase of the dialysis samples collection, re-anesthetize the rat lightly
by placing a nose cone delivering sodium isoflurane (2.5%) at 0.5 L/min oxygen flow until it as no
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response to a toe pinch (as mentioned in section 3.1).
6.2. Place the animal on its chest on the slotted aluminum sheet so that its head lays directly
in the path of the brass weight. Maintain anesthesia with the nose cone to make sure the rat

does not move or wake-up.

6.3. Remove the nose cone and remove the animal from the aluminum sheet without pulling
the hex key. The rat will not undergo a rapid 180° rotation.

6.4. Place the rat on its back in its cage.

6.5. Use a digital timer to measure the righting time as an indicator of neurologic restoration.
7. High-performance liquid chromatography

7.1. Determine neurotransmitter levels (i.e., glutamate and GABA) by precolumn
derivatization using high-performance liquid chromatography with rapid separation fluorescence
detection, and a system consisting of a rapid separation autosampler and a pump coupled to a

3.0 x 50 mm 5 pm analytical column.

7.2.  Prepare a mobile phase with 100 mmol/L sodium phosphate dibasic (Na;HPO4), 3.5%
acetonitrile and 20% methanol. Adjust the pH to 6.7 with phosphoric acid (85%) as needed.

7.3.  Setthe flow rate to 0.5 mL/min.

7.4.  Prepare fresh daily derivatization reagents and working standards (100 ng/mL) from stock
solutions. Load them into a refrigerated (10 °C) rapid separation autosampler with samples.

7.5. Mix each fraction sequentially into the analytical column with 20uL of 3-
mercaptopropionic acid (0.071 mol/L) diluted with H,O and 20puL of o-phthaldehyde
(0.0143 mol/L) diluted with 0.1 mol/L sodium tetraborate. Allow 10 min for the mix to react.

7.6.  To prevent contamination of next samples, flush the injection loop with methanol (20%),
following each injection.

NOTE: The glutamate retention time would be of 1 min approximately in this protocol, for a total
run time of 30 min for each sample.

7.7. During analysis of chromatographic peaks, identify unknown peaks using samples
matched according to time of retention from known standards. Express levels of analytes as

ug/mL.

8. Histology



397
398
399
400
401
402
403
404
405
406
407
408
409
410
411
412
413
414
415
416
417
418
419
420
421
422
423
424
425
426
427
428
429
430
431
432
433
434
435
436
437
438
439
440

8.1. A month following the microdialysis procedure and concussion or sham injury induction,
anesthetize the animals by injecting a cocktail of ketamine (70 mg/kg) and xylazine (10 mg/kg)
intraperitoneally and euthanize them by paraformaldehyde (4%) and saline intracardiac
perfusion.

8.2.  Decapitate the rodents then dissect the brains.

8.3.  Store the brains in paraformaldehyde (4%) and subsequently cryoprotect them in a
solution of sucrose (30%).

8.4.  Slice the brains in coronal sections of 50-um with a cryostat.

8.5.  Stain the brain slices with cresyl violet for histological verification of injury and probe
placement (Nissl staining).

REPRESENTATIVE RESULTS:

Using our model of concussion which combines force and rotation with in vivo cerebral
microdialysis, the acute extracellular glutamate and GABA changes over time following a
concussion or sham injury were investigated in 21 male, adult, Sprague-Dawley rats by the
implantation of a guide cannula in the CA1 region of the hippocampus.

Histological verification of probe placement and injury

No morphological changes such as massive intracerebral hemorrhages or contusions were
reported following the histological verification of hippocampus tissue damage on sections
stained with cresyl violet. Guide cannula implantation and microdialysis probe insertion induced
minor and similar damages between injured and sham cases. Moreover, not removing the probe
right before sham injury or concussion induction did not yield any distinguishable hippocampus
tissue damage as seen under a microscope (Figure 2B,C, respectively), with the membrane of the
probe still intact afterwards (Figure 2D,E). Concussion and sham injury brains perfused with
paraformaldehyde (4%) 1-month following microdialysis procedures are indistinguishable upon
visual inspection (Figure 2F,G).

Righting reflex time

Animals from the injured group had a significantly increased righting time on average versus
sham cases (Student’s T-Test, p=0.042801) (Figure 4) and appeared stunned upon regaining
consciousness. Of the 10 cases from the concussion group, a single animal showed minor signs
of bleeding under the impact site following the weight-drop. No other signs of skull fracture or
intracranial bleeding were observed.

In vivo cerebral microdialysis

To act as representative results of our method, fifteen 10 uL samples of dialysate were extracted
from the hippocampus, in vivo, at intervals of 10 min and a flow rate of 1 uL/min. Extracellular
levels of glutamate and GABA were measured from 6 samples during baseline (60 min) and from
9 samples following induction of sham injury or concussion (90 min).
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Extracellular concentrations of glutamate

Significant increases in extracellular glutamate concentrations were observed in the CA1 region
of the hippocampus during the first 10 min following induction of trauma compared to sham
injury (Mann-Whitney U Test, p=0.009175) (Figure 5). No other difference in glutamate
concentrations were observed between groups at any other time point.

Extracellular concentrations of GABA

No significant change in GABA concentrations were observed in the CAl region of the
hippocampus during the first 10 min following induction of trauma compared to sham injury
(Mann-Whitney U Test, p=0.943861) (Figure 6). There was no other significant difference in GABA
concentrations at any other time point between concussion cases and sham injury cases.

FIGURE LEGENDS:
FIGURE 1: Schematic outline of the research protocol. This figure has been modified from 10
Masse 2018.

FIGURE 2: Histological verification of probe placement and injury. (A). Coronal view of the
microdialysis probe and guide cannula placement site in the hippocampus using the stereotaxic
atlas of Paxinos and Watson. (B). Representative photomicrograph of hippocampus tissue
damage (cresyl violet) produced by a microdialysis probe and guide cannula from a sham injury
case. (C). Representative photomicrograph of hippocampus tissue damage (cresyl violet)
produced by a microdialysis probe and guide cannula from a concussion case. (D). Representative
photomicrograph of a microdialysis probe before induction of concussion. (E). Representative
photomicrograph of a microdialysis probe after induction of concussion. The membrane is still
intact. (F-G). Representative photomicrograph of a sham (F) and concussion (G) injured brain
following perfusion with 4% paraformaldehyde at 1-month after sham injury or concussion
procedure. Upon visual inspection, the 2 brains are indistinguishable. This figure has been
modified from |0 Masse 2018.

FIGURE 3: Concussion apparatus and microdialysis instruments essential components
depictions. (A). A photograph of the entire assembly comprised of a vertical polyvinyl chloride
(PVC) guide tube for the falling weight situated above the rat stage, Plexiglas frame, foam
cushion, computer-controlled microinfusion pump, gastight syringes, liquid swivels, and side-by-
side fused silica inlet-outlet lines. (B). Schematic representation of the Plexiglas frame and foam
cushion with all pertinent dimensions. (C). A photograph of the slotted piece of aluminum foil
that serves as the rat stage above the foam cushion. (D). A photograph showing the positioning
of the rat on the stage immediately prior to head impact by the falling weight. (E). A photograph
showing the rat after head impact, illustrating the 180° horizontal rotation of the body of the rat
after the head impact and ensuing acceleration and rotation. This figure has been modified from
10 Masse 2018.

FIGURE 4: Righting time. Histogram representations of the time taken by rats to wake from the
anesthetic and flip from the supine position to the prone position or begin walking following
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concussion (red diamonds, n = 10) or sham injury (blue squares, n = 11). Rats from the concussion
group took significantly longer to right themselves compared to the sham injury group. Mean
values are represented as a horizontal line in each graph. * p<0.05, ** p<0.01, *** p<0.001. This
figure has been modified from 10 Masse 2018.

FIGURE 5: Extracellular concentrations of glutamate. Mean extracellular concentrations of
glutamate (ug/mL) measured by microdialysis in the hippocampus during baseline (60 min) and
after concussion (red diamonds, n = 10) or sham injury (blue squares, n = 11) conditions (90 min).
Error bars represent the standard error of mean. * P<0.05, ** P<0.01, *** P<0.001. This figure
has been modified from 10 Masse 2018.

FIGURE 6: Extracellular concentrations of GABA. Mean extracellular concentrations of GABA
(ug/mL) measured by microdialysis in the hippocampus during baseline (60 min) and after
concussion (red diamonds, n = 10) or sham injury (blue squares, n = 11) conditions (90 min). Error
bars represent the standard error of mean. * P<0.05, ** P<0.01, *** P<0.001. This figure has
been modified from 10 Masse 2018.

DISCUSSION:

Critical steps in the protocol

For the generation of reliable results, critical steps in this protocol require particular attention.
During the cannula implantation surgery, avoid using more cement than necessary, especially
whenitis very liquid as to prevent spilling over the impact site. To avoid blocking the implantation
site, use an obturator that is the same length as the cannula. During the microdialysis procedure,
insert the probe slowly into the cannula and make sure that it is inserted completely for dialysate
sampling. Before the concussion induction, make sure that the aluminum sheet is properly
slotted with a sharp razor blade. Otherwise, the impact from the brass weight won’t be sufficient
to rip the aluminum sheet and the rat will remain chest down instead of undergoing an 180°
rotation and landing on its back. If this is the case, injuries induced will result from the blunt
impact, not unlike what is seen in the open-skull weight drop models and be significantly more
severe. During the concussion induction, avoid impacting the cannula with the weight as this
would generate critical damage to the skull of the rat. It is highly recommended to work in teams
of 2 to restrict manipulation errors during the experiment.

Modifications and troubleshooting

During the microdialysis procedure, flow should be constant and yield a volume appropriate to
the rate of perfusion, once the probe is linked to the pump. Lower volumes can indicate the
presence of clogging in the membrane of the probe or air bubbles in the lines. In the case of
clogging, the probe should be discarded and replaced. However, air bubbles can be ejected by
circulating ACSF in the lines. If there is no clogging or air bubbles noted and there is still no flow,
a small part of the outflow tube nearest to the end can be cut.

Limitations of the method
Other studies using the Wayne State University weight-drop have evaluated some fundamental
structural and molecular changes'®. However, a more extensive investigation would maintain the
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legitimacy of this procedure. Information regarding the biological and neuroanatomical changes
that take place at epigenetic and cellular levels would further solidify the reliable and
translational value of our method. Furthermore, evaluation of cognitive function is a reliable
measure of outcome related to mTBI in rodent models33. While the time-to-right was measured
in this protocol and was significantly delayed in injured cases compared to sham cases, studies in
the future should concentrate on methodically measuring cognitive function following trauma
induction in rodents.

Significance of the method with respect to existing/alternative methods.

The main significance of the method is twofold: Firstly, it allows the successful induction of a
concussion with the Wayne State University procedure, which allows rapid acceleration and
deceleration of the head and torso. With this method, serious injury outcomes such as
cardiorespiratory arrests, skull fracture, high mortality and signs of visible cerebral contusions at
the impact site were avoided. Secondly, this microdialysis technique successfully replicated the
previously demonstrated the acute and short-lived extracellular glutamate release taking place
within the first 10 min following trauma induction!*1®, Moreover, keeping the probe inserted
throughout the whole procedure significantly reduces the likelihood of inducing damage to the
mTBI-sensitive blood-brain barrier linked to repeated microdialysis probe insertion34.

Future applications or directions of the method.

Given the easy-to-use aspects of the Wayne State University weight-drop procedure and the
acute extracellular neurotransmitter level changes measured by microdialysis, our rat model
combining microdialysis and concussion provides researchers with a reliable tool to faithfully
reproduces the biomechanics of human craniocerebral trauma and longitudinally characterize
the molecular effects of concussions. Our rat model could also be used in a wide variety of
therapeutical studies as it offers a valuable opportunity to study the mechanism and efficacy of
pharmacologic agents in vivo, continuously and without having to sacrifice the animal.
Furthermore, the availability of a rat model such as the one presented here could greatly
facilitate the better understanding of the relationship between the neurotransmitter imbalances
and the behavioral consequences of concussions.
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Name of Material/ Equipment

Sprague Dawley Rats

Name of Material/ Equipment

Ketamine Hydrochloride (100 mg/ml)
Xylazine Hydrochloride (100 mg/ml)
Solution of Chlorhexidine Gluconate 2% and Isopropyl Alcohol 2%
Lidocaine Hydrochloride

Bupivacaine Hydrochloride
Ophthalmic Ointment

Stereotaxic Frame

Stereotaxic Cannula Holder Arm

Drill

Suture Thread Coated Vicryl Rapide 4-0
Dental Acrylic Cement

Screws

Isoflurane

Cannula Gauge 20 10.55mm
Dummy-Cannula 10.55mm

Name of Material/ Equipment

CMA 402 Syringe Pump

Microsyringe 2.5ml Glass

Syringe Clip Medium For 1-2.5ml

Low-Torque Dual Channel Quartz-Lined Swivel

GSC Cast Iron Support Ring Stand

Fisherbrand Castaloy Adjustable-Angle Clamps

NaHCO3 Sodium Bicarbonate

MgCl2 Magnesium Chloride

NaCl Sodium Chloride

L-Ascorbic Acid

KCl Potassium Chloride

NaH2P04 Sodium Phosphate Monobasic

CaCl2 Calcium Chloride

Lighter

Epoxy Glue

Super Glue Gel

Heat Shrink Tube 0.063" Inner Diameter Gardner Bender
Cut-Off Wheels Dremel #409

BD Needle 26 Gauge 0.5 Inch PrecisionGlide Sterile 305111
BD Needle 21 Gauge 1.5 Inch PrecisionGlide Sterile 305167
26G Stainless Steel Tubing One Foot

Polyethylene Tubing PE/20 .024" OD X .015" ID
Polyethylene Tubing PE/10 .024" OD X .011" ID
Polyethylene Tubing PE/50 .038" OD X .023" ID
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30S WIRE ST.ST 0.008X 1’ Long

Polymicro Technologies Flexible Fused Silica Capillary Tubing Inner Diameter 50um, Outer Diameter 150um

Spectra Por 132294 Micro-Dialysis Hollow Fiber Membranes 13 kD MWCO

Stainless Steel Collar

Name of Material/ Equipment

Brass Weight

Metal Loop

PVC Guide Tube

Alluminum Foil

Tape

GSC Cast Iron Support Ring Stand

U-Shaped Plexiglas Frame

Foam Cushion

Razor Blades

Super Strong Trilene XT 20 |b. Berkley

Isoflurane

Stop Watch




Animal Preparation

Company

Catalog Number

Charles River Laboratories

SAS SD 40

licrodialysis Guide Cannula Implantation

Surgery

Company Catalog Number
Bioniche 1989529
Bimeda 8XYL0O04C
Carefusion 260100C
Alveda Pharma 0122AG01
Hospira 1559
Baussh and Lomb inc. 2125706
Stoelting 51600
Harvard Apparatus 72-4837
Dremel 8050-N/18
Ethicon VR2297
Harvard Apparatus 72-6906
JI Morris Company POO90CE125
Baxter CA21L9100
HRS Scientific C311G/SPC
HRS Scientific C311DC/1/SPC
Microdialysis Procedure
Company Catalog Number

Harvard Apparatus Canada

CMA-8003110

Harvard Apparatus Canada

CMA-8309021

Harvard Apparatus Canada

CMA-3408310

Instech Laboratories Inc. 375/D/22QM
Fisher Scientifique S$13748
Fisher Scientifique 05769Q
Sigma-Aldrich Canada S5761-500G
Sigma-Aldrich Canada M8266-100G
Sigma-Aldrich Canada S7653-1KG
Sigma-Aldrich Canada A5960-25G
Sigma-Aldrich Canada P9333-500G
Sigma-Aldrich Canada S0751-1KG

Sigma-Aldrich Canada

383147-100G

Canadian Tire

Canadian Tire

Canadian Tire

Canadian Tire

Canadian Tire

Fisher Scientifique 14-826-15
Fisher Scientifique 14-826-5B
HRS Scientific SST-26/FT
HRS Scientific C315CT
HRS Scientific C314CT
HRS Scientific C313CT




HRS Scientific

008BSH/30S

Molex LLC Polymicro Technologies

106815-0015

Spectrum Labs

FSSP9778671

Sirnay In.c

304

Concussion Apparatus

Company

Catalog Number

Rapido Métal Inc.

Rona Inc.

Rona Inc.

Alcan

Fisher Scientifique

S13748

Présentoirs PlexiPlus Inc.

Mousse D&R Foam Inc.

VWR International

55411-055

Canadian Tire

Baxter

CA219100




Comments/Description

Comments/Description

Comments/Description

For Artificial Cerebrospinal Fluid (aCSF)

For Artificial Cerebrospinal Fluid (aCSF)

For Artificial Cerebrospinal Fluid (aCSF)

For Artificial Cerebrospinal Fluid (aCSF)

For Artificial Cerebrospinal Fluid (aCSF)

For Artificial Cerebrospinal Fluid (aCSF)

For Artificial Cerebrospinal Fluid (aCSF)

For Laboratory Constructed Probes / Available at most hardware stores

For Laboratory Constructed Probes / Available at most hardware stores

For Laboratory Constructed Probes / Available at most hardware stores

For Laboratory Constructed Probes / Available at most hardware stores

For Laboratory Constructed Probes / Available at most hardware stores

For Laboratory Constructed Probes

For Laboratory Constructed Probes

For Laboratory Constructed Probes

For Laboratory Constructed Probes

For Laboratory Constructed Probes

For Laboratory Constructed Probes




For Laboratory Constructed Probes

For Laboratory Constructed Probes

For Laboratory Constructed Probes

For Laboratory Constructed Probes / Custome made

Comments/Description

Attach metal loop to base

Available at most hardware stores

Available at most hardware stores

Available at most grocery stores

Available commercially

Custom made

Custom made

Available at most hardware stores

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

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

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

Z 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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

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

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

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

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

ARTICLE AND VIDEO LICENSE AGREEMENT

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

13. Fees. To cover the cost incurred for publication,
JoVE must receive payment before production and
publication 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 USS$1,200 fee to cover pre-production expenses
incurred by JoVE. If payment is not received by the
completion of filming, production and publication of the
Materials will be suspended until payment is received.

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

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

CORRESPONDING AUTHOR

Name:

Tay Meces

Department:

Deperdoa) & recsnrione

Institution:

0(\\:-_ ‘,pﬁ;'\-_-‘\_. :6 ’fjo l,‘/"uf.é\éﬁ\

Title: F’h :\:,\\}, f\i‘*i'“\ ‘\:g} lot

Signature:
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Please submit a signed and dated copy of this license by one of the following three methods:
1. Upload an electronic version on the JoVE submission site

2. Faxthe document to +1.866.381.2236

3. Mail the document to JoVE / Attn: JoVE Editorial / 1 Alewife Center #200 / Cambridge, MA 02140
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lan Omer Masse PhD
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Department of Surgery
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March 24™ 2019,
Dr Bing Wu PhD

Review Editor

Journal of Visualized Experiments
Tel: 617 674-1888
em@editorialmanager.com

Object: Rebuttal document that addresses each of the editorial review comments individually for
the manuscript JoOVE59585R1 A novel and translational rat model of concussion combining force
and rotation with in vivo cerebral microdialysis.

Dear Dr Wu,
Thank you very much for the constructive and thorough review of our manuscript JoVE59585R1
A novel and translational rat model of concussion combining force and rotation with in vivo

cerebral microdialysis.

We considered all the comments and acted upon them accordingly. The specific answers to the
editorial and peer review comments follow.

EDITORIAL COMMENTS

General

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

1. lan Omer Masse: The manuscript has been proofread to ensure that there are no spelling or
grammar issues.

2. Editor: Please avoid long steps/notes (more than 4 lines).
2. lan Omer Masse: Steps with more than 4 lines have been cut to fewer lines to avoid long
steps/notes.

3. Editor: The highlighted protocol steps are over the 2.75-page limit (including headings and
spacing). Please highlight fewer steps for filming.

*
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3.

lan Omer Masse: 2.75 pages have been highlighted in the protocol steps (including headings

and spacing).

& B

8.
8.

9.

. Editor: The Short Abstract is over the 50-word limit.
. lan Omer Masse: The Short Abstract is now exactly 50-word long.

. Editor: Please use h, min, s for time units.
. lan Omer Masse: The abbreviations h, min and s have been used for time units.

. Editor: Please do not highlight any steps describing euthanasia or anesthesia.
. lan Omer Masse: Steps describing euthanasia or anesthesia are no longer highlighted.

. Editor: Please do not highlight notes for filming.
. lan Omer Masse: Notes are no longer highlighted for filming.

Editor: Step 3.5: Please ensure that all text is written in the imperative tense.
lan Omer Masse: All text is now written in the imperative tense in the protocol steps.

Editor: Please ensure that all figures are numbered in the order of their appearance in the

manuscript. For example, Figure 3 was mentioned after figure 1 and before figure 2, so it should
be numbered as Figure 2.

9.

lan Omer Masse: Figure 3 is now numbered as figure 2 and vice versa.

10. Editor: Unfortunately, there are a few sections of the manuscript that show significant overlap
with previously published work. Though there may be a limited number of ways to describe a
technique, please use original language throughout the manuscript. Please revise steps 7.1-7.6.
10. lan Omer Masse: Steps 7.1 to 7.6 have been revised with original language.

Thank you for your consideration.

Sincerely,

/!
Lo oo

lan Massé PhD
Hopital du Sacré-Coeur de Montréal



