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Author Questionnaire:
1. Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? N

2. Does your protocol include software usage? N

3. Which steps from the protocol section below are the most important for viewers to see? 
5.1, 5.2, 5.3, 5.4, 5.5

4. What is the single most difficult aspect of this procedure and what do you do to ensure success?
5.2 and 5.4: To ensure success during those 2 steps, it is highly recommended to work in teams of 2 to restrict manipulation errors during the concussion and sham induction.

5. Will the filming need to take place in multiple locations? N (Same building but different floors – basement and 1st floor).


Section - Introduction
Videographer: Interviewee Headshots are required. Take a headshot for each interviewee. 

Authors, these headshots will be used for the JoVE Dedicated Author Webpage. Here is one example if you wish to take a look.


1. REQUIRED Interview Statements: (Said by you on camera)  - All interview statements may be edited for length and clarity.

(Videographer Comment: 1.3 and 1.4 were accidentally slated as 1.1 and 1.2. The real 1.1 and 1.2 were thus slated 1.3 and 1.4, but they should be switched to the order here, with Ian first, then Louis)

1.1. Ian O Massé: This method creates a paradigm for future studies by providing researchers with a reliable and translational model of concussion that allows longitudinal characterizations of the molecular effects of concussion [1].
1.1.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.2. Ian O Massé: This rat model combines microdialysis, allowing continuous analyte quantification, with a weight-drop technique exerting rapid acceleration and deceleration of the head and torso that mimics an essential feature in human craniocerebral trauma [1].
1.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

OPTIONAL Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

1.3. Louis De Beaumont: The implications of this technique extend toward therapeutical studies of concussion as it offers a valuable opportunity to study the mechanism and efficacy of pharmacologic agents in vivo and uninterrupted [1].
1.3.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

1.4. Louis De Beaumont: It is highly recommended to work in the teams of 2 during the concussion and sham induction steps of this method to restrict manipulation errors and maximize efficiency during the experiment [1].
1.4.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera

Introduction of Demonstrator: (Said by you on camera)

1.5. Ian O Massé: Demonstrating the procedure will be Chloé Provost, a technician from our laboratory.
1.5.1. Interview style: Author saying the above
1.5.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.


Ethics title card: (for human subjects or animal work, does not count toward word length total)


1.6. Procedures involving animal subjects have been approved by the Animal Care Committee of the Hôpital du Sacré-Coeur de Montréal in compliance with the guidelines of the Canadian Council on Animal Care.
	


2. Microdialysis Guide Cannula Implantation 
2.1. [bookmark: _Hlk5222949]To begin the procedure, shave the animal’s head using an electric clipper [1]. Clean the shaved area using a solution of 2% isopropyl alcohol and 2% chlorhexidine gluconate for 3 times [2]. Then, apply lubricating eye ointment to prevent dryness during anesthesia [3].
2.1.1. MED: Talent shaving the animal’s head
2.1.2. CU: Close up of the animal’s head as the shaved area is cleaned with isopropyl alcohol and chlorhexidine gluconate
2.1.3. CU: Close up of the animal’s head as ointment is applied to the eyes
2.2. Next, place the rat in a stereotaxic apparatus [1]. Insert the ear bars into the ear canals with great care and tighten the nose clamp [2]. Afterward, fix a 26 Gauge stainless-steel guide cannula to the holder arm on the stereotaxic apparatus [3].
2.2.1. MED: Talent places the rat in a stereotaxic apparatus
2.2.2. CU: Close up of the animal as the ear bars are inserted into the ear canals and the nose clamp is tightened (Videographer Comment: 2.2.2 was accidentally slated as 2.2.3, take 1 was no good, t2 was good)
2.2.3. MED: Talent fixes a stainless-steel guide cannula to the holder arm on the stereotaxic apparatus (Videographer Comment: 2.2.3 t3 is the actual 2.2.3)
2.3. Make a midline incision of 3 centimeters on the scalp [1]. Leave the skull clear by installing 4 clamps around the incision [2].
2.3.1. CU: Close up of the animal’s head as a midline incision of 3 centimeters is made on the scalp
2.3.2. CU: Close up of the animal’s head as 4 clamps are installed around the incision
2.4. [bookmark: _Hlk5226034]Scrape the periosteum firmly from the skull with a surgical blade until the Bregma and Lambda sutures are visible [1]. Maintain firm pressure on the skull with a gauze pad or cotton tipped applicator if there is bleeding [2].
2.4.1. CU: Close up of the animal’s skull as the periosteum is scraped until the Bregma and Lambda sutures are visible
2.4.2. CU: Close up of the animal’s skull as a gauze pad or cotton tipped applicator is pressed on it
2.5. Confirm if the skull is correctly aligned on the stereotaxic apparatus by comparing the dorsoventral coordinates of the Bregma and Lambda sutures [1]. Identify the anteroposterior, mediolateral and dorsoventral coordinates of the Bregma suture as the reference points for the coordinates of the guide cannula [2].
2.5.1. CU: Close up of the animal’s skull showing the tip of the guide cannula (already fixed on the holder arm) resting on the Bregma suture, being slightly raised, and moved backwards to the Lambda suture, then lowered to rest on it
2.5.2. MED: Talent notes the coordinates of the Bregma suture on a sheet with a pen
2.6. Then, taking the Bregma suture coordinates as references, calculate the coordinates of the guide cannula implantation site in the hippocampus [1]. Mark the precise implantation site using a marker [2].
2.6.1. MED: Talent calculates the coordinates of the implantation site with a pen on the sheet where the Bregma suture coordinates were previously noted
2.6.2. CU: Close up of the animal’s skull as the precise implantation site is marked using a marker
2.7. Subsequently, drill a hole with a diameter of 0.5 millimeters through the cranium at the target site of the guide cannula [1]. Drill 3 other holes approximately 5 millimeters around this point to thread 3 anchor screws into the skull that will solidify the cannula after acrylic dental cement is applied [2].
2.7.1. CU: Close up of the animal’s skull as a hole is drilled 
2.7.2. CU: Close up of the animal’s skull as 3 other holes are drilled and the anchor screws are screwed in (Videographer Comment: This shot was broken into two parts, a and b) (Editor: The videographer did not specify where the action was split for these two shots)
2.8. Next, insert the cannula into the hippocampus and fix it with dental cement [1]. Be careful not to spill excess dental cement around the site where the weight will be dropped [2]. Leave the cement to dry for 2 minutes, then remove the holder arm from the cannula [3].
2.8.1. CU: Close up of the animal’s skull as the cannula is inserted into the hippocampus
2.8.2. CU: Close up of the animal’s skull as dental cement is applied
2.8.3. MED: Talent removes the holder arm from the cannula
2.9. Insert a stainless-steel removeable obturator into the cannula to avoid cerebrospinal fluid seepage and risks of infection [1]. Afterward, remove the 4 clamps [2], pull back the retracted skin and stitch it with a surgical suture thread [3].
2.9.1. MED: Talent inserts a stainless-steel removeable obturator into the cannula
2.9.2. CU: Close up of the animal as the 4 clamps are removed
2.9.3. CU: Close up of the animal as the retracted skin is pulled back and stitched 
2.10. Next, remove the rat from the apparatus and inject buprenorphine subcutaneously to treat pain [1-TXT]. Place the rodent back in its cage with a heating pad underneath until it becomes conscious [2]. Then return it to the animal care facility for a recovery period of 7 days under close monitoring [3].
2.10.1. MED: Talent injects buprenorphine in the rat subcutaneously. Text: 0.05 mg/kg, dose after surgery, once per day in the following 2 days.
2.10.2. MED: Talent places a heating pad under the cage
2.10.3. CU: Close up of the animals as it regains conscious


3.  Microdialysis Procedure
3.1. In this procedure, remove the obturator from the cannula and insert a microdialysis probe slowly [1]. Next, fix the probe assembly to a stainless-steel spring tethered to a liquid swivel and counter balance lever arm with a ring stand and clamps, so that the animal can move freely within its cage [2].
3.1.1. MED: Talent removes the obturator from the cannula and inserts a microdialysis probe slowly
3.1.2. MED: Talent fixes the probe assembly to a stainless-steel spring tethered to a liquid swivel and counters balance lever arm with a ring stand and clamps
3.2. [bookmark: _Hlk5227736]The tethered rats have ad libitum access to water and food during the entire microdialysis procedure [1]. Then, use a microinfusion pump to deliver perfusate to the probe, and collect the dialysate from the fused silica outlet line [2].
3.2.1. MED: Talent places the water and food close by the animal
3.2.2. MED: Talent shows microinfusion pump, then the probe, and then the fused silica outlet line to indicate the flow of the sample
3.3. At least 1 hour and 30 minutes before the procedure begins, turn up the probe to its working flow rate at 1 microliter per minute [1]. Verify that the flow rate of the probe is consistent by measuring the volume over time with a pipette [2].
3.3.1. CU: Close up of the pump as it is turned up
3.3.2a. [Added shot]: CU: Close up of a dialysate drop emerging from the fused silica outlet line. (Editor: I’m not sure where this shot should be used. The authors may need to include additional VO to use this shot, or may just need to specify over which part of the VO is should be shown)
3.3.2b. MED: Talent measures the volume of the sample with a pipette
3.4. Afterward, collect each dialysate sample in a fraction vial preloaded with 1 microliter of 0.25 mol per liter perchloric acid to prevent analyte degradation [1].
3.4.1. CU: Close up of a fraction vial as the sample is collected
3.5. Store the sample at 4 degrees Celsius for subsequent analysis [1]. Once the last sample is collected, remove the microdialysis probe from the cannula and re-insert the obturator before returning the rat to the animal care facility [2].
3.5.1. MED: Talent places the sample in the refrigerator
3.5.2. MED: Talent removes the microdialysis probe from the cannula and re-inserts the obturator (Author Comment: please specify that this step is done once the last sample is collected) (Videographer Comment: 3.5.2 was removed, this step should instead be done at the end of part 5, 5.5.3) (Editor: I changed the VO to reflect that it takes place after the last sample is collected. However, the authors did not specify to move the shot as the videographer did. Because of this, I have not moved it for the time being. The authors should be asked if they want it moved. If it needs to be moved, both the shot and the VO can be moved as they are here to after 5.5.2)

4. Concussion Apparatus Installation
4.1. To install the concussion apparatus, tape an aluminum sheet tightly to a U-shaped Plexiglas frame that contains a foam cushion [2]. Use a sharp razor blade to make a slit in the aluminum sheet [1]. Tape the slotted aluminum sheet. Then position the Plexiglas frame under a PVC guide tube [3].
4.1.2. CU: Close up of the Plexiglas frame as the slotted aluminum sheet is taped to it
4.1.1. MED: Talent slits an aluminum sheet with a sharp razor blade
4.1.2. CU: Close up of the Plexiglas frame as the slotted aluminum sheet is taped to it (move shot 4.1.2 before shot 4.1.1) 
4.1.3. CU: Close up of the Plexiglas frame as it is placed under a PVC guide tube
4.2. Hold the PVC guide tube in place with a clamp stand at 3.5 centimeters above the slotted aluminum [1]. Attach a nylon fly fishing line through the metal loop so that the bottom of the weight is at 2.5 centimeters over the slotted aluminum to prevent multiple hits when the rat is falling on the foam cushion following impact [2].
4.2.1. MED: Talent holds the PVC guide tube in place with a clamp stand at 3.5 centimeters above the slotted aluminum
4.2.2. MED: Talent attaches a nylon fly fishing line through the metal loop so that the bottom of the weight is at 2.5 centimeters over the slotted aluminum (Videographer Comment: 4.2.2 was broken into three steps, a, b, and c)
4.3. Then, attach the nylon fly fishing line to the clamp stand [1]. Pull up the weight through the PVC tube with the nylon fly fishing line [2]. Keep it in place by inserting a hex key through the preliminary drilled holes at 1 meter above the slotted aluminum foil [3].
4.3.1. MED: Talent attaches the nylon fly fishing line to the clamp stand
4.3.2. MED: Talent pulls up the weight through the PVC tube with the nylon fly fishing line
4.3.3. MED: Talent inserts a hex key through the preliminary drilled holes

5. Concussion and Sham Induction
5.1. To induce concussion, 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 [1]. Remove the nose cone and pull the hex key [2]. The weight will fall vertically through the PVC tube and impact the head of the rat [3]. 
5.1.1. MED: Talent places the animal on its chest on the slotted aluminum sheet (Videographer Comment: You can use 5.4.1 if necessary)
5.1.2. MED: Talent removes the nose cone and pulls the hex key (Videographer Comment: 5.1.2 was broken into two steps, a and b)
5.1.3. MED: Shot of the rat as the weight falls on its head
5.2. [bookmark: _Hlk5229049]As a result, the rat will undergo a rapid 180-degree rotation and land on its back [1]. Remove the rat from the foam cushion and place it on its back in the cage [2]. Use a digital timer to measure the righting reflex time as a sign of recovery and injury severity [3]. 
5.2.1. [bookmark: _Hlk7353076]MED: Shot of the rat as it rotates and lands on its back (Author Comment: please use the uploaded slow motion shot, JoVE_LM_59585_Step5.2.1.SlowMotionShot)
5.2.2. CU: Close up of the rat as it is placed on its back in the cage
5.2.3. MED: Talent holding a timer and presses the button to start timing
5.3. The righting reflex time is the total time from the impact until the rat wakes up and spontaneously turns back to the prone position or start walking [1]. Note any signs of death, fracture, or bleeding [2].
5.3.1. CU: Close up of the animal as it turns back to the prone position or starts walking (Videographer Comment: the mouse moves at 5:10)
5.3.2. MED: Talent holding a pen and a laboratory notebook to note any signs of death, fracture, or bleeding
5.4. For sham induction, place the animal on its chest on the slotted aluminum sheet so that its head lays directly in the path of the brass weight [1]. Remove the nose cone and then remove the animal from the aluminum sheet without pulling the hex key [2]. 
5.4.1. MED: Talent places the rat on its chest on the slotted aluminum sheet
5.4.2. MED: Talent removes the nose cone and then removes the animal from the aluminum sheet
5.5. Afterward, place the rat on its back in the cage [1]. Use a digital timer to measure the righting time as an indicator of neurologic restoration [2].
[bookmark: _GoBack](Videographer Comment: 5.5.1 and 5.5.2 take 2 are better, because they show the rat on its back)
5.5.1. CU: Close up of the rat as it is placed on its back in the cage 
5.5.2. MED: Talent looking at the rat and starts the timer
















Section – Results
6. Results: Righting Reflex Time and Extracellular Concentrations of Glutamate
6.1. Animals from the injured group had a significantly increased righting time on average versus sham cases and appeared stunned upon regaining consciousness [1]. Of the 10 cases from the concussion group, only 1 animal showed minor signs of bleeding under the impact site following the weight-drop [2]. 
6.1.1. LAB MEDIA: Figure 4 – Video editor, please show graph JoVE_LM_59585_Step6.1.1.Figure4
6.1.2. LAB MEDIA: Figure 4– Video editor, please add “*” in the graph to represent significant difference JoVE_LM_59585_Step6.1.2.Figure4
6.2. Significant increases in extracellular glutamate concentrations were observed in the hippocampal CA1 region during the first 10 minutes following trauma induction compared to sham injury [1].
6.2.1. LAB MEDIA: Figure 5 – Video editor, please show graph, then add “*” JoVE_LM_59585_Step6.2.1.Figure5



Section - Conclusion
7. Conclusion Interview Statements: (Said by you on camera) - All interview statements may be edited for length and clarity.

7.1. Ian O Massé: Please remember during the concussion induction, avoid impacting the cannula with the weight as this would generate injuries to the rat’s skull that are significantly more severe than a concussion [1].
7.1.1. LAB MEDIA: Video editor, please use shot 5.1.3
7.2. Ian O Massé: This method can be applied to the study of repeated concussions since the procedure is a closed-head injury, which can be repeated on the same animals at different time points [1].
7.2.1. INTERVIEW: Named talent says the statement above in an interview-style shot, looking slightly off-camera.
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