Submission ID #: 51820
Editor Name: Shanelle Ko
Videographer name:

Film Date: 8/27
Authors and Affiliations:  
Mychasiuk, R.
Alberta Children’s Hospital Research Institute
University of Calgary 

Faculty of Medicine
Farran, A., 

Alberta Children’s Hospital Research Institute
University of Calgary 

Faculty of Medicine 

Angoa-Perez, M.
Department of Psychiatry and Behavioral Neurosciences
Wayne State University School of Medicine & John D. Dingell VA Medical Center
Briggs, D.
Department of Psychiatry and Behavioral Neurosciences
Wayne State University School of Medicine & John D. Dingell VA Medical Center
Kuhn, D. 

Department of Psychiatry and Behavioral Neurosciences
Wayne State University School of Medicine & John D. Dingell VA Medical Center

Esser, M. J.

Alberta Children’s Hospital Research Institute, University of Calgary
Faculty of Medicine
Title: A Novel Model of Mild Traumatic Brain Injury for Juvenile Rats
Corresponding Author: 

Richelle Mychasiuk
 r.mychasiuk@uleth.ca  
Authors, please fill out the brief questionnaire below.   
A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) __No_ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)__No______ 
C.  Which steps of your protocol will viewers benefit most from having filmed?  2.2; 2.5; 3.1 ________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?   3.1-3.2 (We often encounter 1 of 2 issues a) the fishing line gets caught or b) the tin foil does not break – both result in the rat not flipping). We are now aware of the common issues and double check all of our materials before each rat is subjected to a mTBI.  
1. Introduction (Schematic Overview and Interview)

A. Schematic Overview (read by voice talent at JoVE):

The overall goal of this procedure is to generate a mild traumatic brain injury in juvenile rats. (Intro) 
This is accomplished by first preparing the injury induction platform (P1).
Next, an anesthetized rat is placed face down on the scored tin foil (P2).
Once in place, a weight is dropped to generate a glancing blow to the head (P3). 
The animal is then placed in a supine position and the time it takes to right itself is recorded (P4).
The following day, performance is measured on the walking beam test (P5).
P1: LAB MEDIA: Jove TBI Schematic.pptx,  P1,  insert the yellow weight inside the tube and then place the allen key (black L shaped) to hold it in place. Next, place the tin foil over the stage of the apparatus
P2: LAB MEDIA: Jove TBI Schematic.pptx, P2, place the animal’s head below the tube
P3: LAB MEDIA: Jove TBI Schematic.pptx, P3, drop the weight through the tube to hit the animal on the head.  Upon impact, the animal should break through the tin foil and flip over onto its back

P4: LAB MEDIA: Jove TBI Schematic.pptx, P4, place the animal, on its back, into the “new cage”.  Bring in the clock and then turn the animal around so that it is on all four paws (use the mouse in P2 or P5
P5: LAB MEDIA: Jove TBI Schematic.pptx, P5, place the mouse onto the beam and animate it walking across it while video recording
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Michael Esser: The main advantage of this technique over existing methods, like the controlled cortical impactor, is that the animal is only briefly anesthetized and the injury occurs in a closed head model that can be repeatedly administered to the same animal. 
1.2. Richelle Mychasiuk: The implications of this technique extend toward therapy of pediatric concussion and mild TBI, because the procedure induces clinically relevant symptomology in a heterogeneous fashion.  

1.3. Richelle Mychasiuk: Demonstrating the procedure will be Irene Ma, a technician from our laboratory, and Harleen Hehar, an undegraduate student in the laboratory.
1.3.1. Interview style: Author saying the above 

1.3.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Mild Traumatic Brain Injury (mTBI) Apparatus
2.1. To set up the mild traumatic brain injury apparatus, construct a U-shaped stage made of clear plastic.  Place a sponge at the bottom of the stage to collect the animal after it falls.
2.1.1. WIDE: Talent enters and walks toward U shaped stage
2.1.2. MED: Talent places sponge in the bottom of the stage
2.2. Next, score a piece of tin foil with a sharp razor blade. Ensure that the scored tin foil supports the body weight of the rat, but will not interfere with acceleration following impact. 
2.2.1. MED: Talent scores tin foil
2.2.2. MED/CU: Talent holds up tin foil that has been correctly scored
2.3. Tape the scored tin foil on top of the stage so that it is taut and place it in the correct position underneath the guide tube
2.3.1. MED: Talent tapes foil into position
2.3.2. MED: Talent positions foil underneath guide tube
2.4. Position the guide tube so that it is 3.5 cm above the tin foil. 
2.4.1. MED: Talent positions guide tube
2.4.2. [added] CU of the measurement *Take 1 – incorrect measurement
2.5. Next, attach fishing line to the top of a weight. Place the weight inside the guide tube and fix the line so that the weight hangs 2.5 cm above the foil. This height prevents the rat from receiving multiple hits. 
2.5.1. MED: Talent attaches fishing line to weight. Text overlay (150 grams)
2.5.2. MED: Talent places weight into tube and adjusts fishing line
2.5.3. MED/CU: Shot of the weight hanging at the correct height relative to the foil
2.6. Securely attach the fishing line to the clamp stand.
2.6.1. MED: Talent attaches fishing line
2.7. Pull the weight up through the plastic guide tube with the fishing line and hold it in place with an allen key pin positioned at a height of 0.5 m.
2.7.1. MED: Talent retracts the weight and places an allen key to hold it in position
3. Induction of mTBI
3.1. To begin, confirm the depth of sedation in an anesthetized rat and quickly place the rat chest-down on the foil with its head directly in the path of the falling weight.
3.1.1. MED: Talent confirms sedation by toe pinch. Text overlay (Isoflurane)
3.1.2. MED: Talent arranges the head in the correct position
3.2. When ready to begin, pull the Allen key pin to allow the weight to fall vertically through the plastic guide tube.  Once struck, the rat will rapidly undergo a 180˚ rotation and land in the supine position.
3.2.1. MED: Talent pulls the allen key to drop the weight
3.2.2. MED/CU: Shot of the animal flipping and falling onto the sponge after being hit with the weight Due to time sensitive nature of procedure, this wasn’t slated
3.3. Immediately remove the rat from the collection sponge and apply topical lidocaine to the rat’s head with a cotton tipped applicator. 
3.3.1. MED: Talent retrieves animal from sponge Not slated
3.3.2. MED: Talent applies lidocaine to head Use 4.2.2 (rat woke up too quickly)
3.4. Next, place the rat in the supine position in a clean, heated cage. 
3.4.1. MED: Talent places rat in heated cage Not slated
3.5. Observe the animal until it wakes from the anesthetic and flips from the supine to the prone position. Record this as the “time-to-right” value.  
3.5.1. MED: Talent observes animal See sequence starting at 4.2.2
3.5.2. MED/CU: Animal rights itself Not slated
3.6. Return the rat to its home-cage after it has recovered normal behavior and repeat these steps for each test animal. 
3.6.1. MED: Talent returns animal to home cage
3.6.2. MED: Talent resets test apparatus
4. Sham Injury
4.1
Sham sequence again (some of these shots can be alternatives to section 3, i.e. placing rat in cage, application of lidocaine, etc.)
4.1. For the sham-injured control group, anesthetize the animal and place it on the stage as demonstrated earlier. 
4.1.1. MED: Talent places anesthetized animal onto prepared stage
4.2. Next, remove the rat from the tin foil without pulling the Allen key pin and apply topical lidocaine to the head.
4.2.1. MED: Talent removes rat from foil Non slated – time sensitive
4.2.2. MED: Talent applies lidocaine to head
4.3. Place the rat in the supine position in a clean, heated cage and record the “time-to-right” value.
4.3.1. MED: Shot of animal as it rights itself Non slated – time sensitive
4.4. Lastly, return the rat to its home-cage after it has recovered normal behavior and repeat with the next control animal.
4.4.1. MED: Talent returns animal to home cage
5.  Beam Walking Test 
5.1. Twenty-four hours after the induction of brain injury, return the animals to the procedure room.
5.1.1. WIDE: Talent walks into the procedure room with animals
5.2. Transfer the rats to a clean holding cage and place the rat’s home-cage at the narrower end of a tapered beam.  Face the open-ended part of the cage toward the wide-end of the beam.
5.2.1. MED: Talent transfers rat to a clean cage
5.2.2. MED: Talent arranges home cage on the other end of the beam
5.3. The tapered beam has a center platform with small ledges that provide safety.
5.3.1. MED: Shot of the tapered beam, at an angle that shows the small ledges 
5.4. Place a video camera at the wide end of the beam and adjust the focus until the entire length is visible.
5.4.1. MED: Talent adjusts video camera
5.5. When ready, place the rat at the wide end of the tapered beam and encourage it to walk across the beam towards its home-cage.
5.5.1. MED: Talent places rat at wide end of beam
5.5.2. CU: Rat begins walking across the beam, multiple takes/angles, repeated.  Try to get an example of a hind leg foot slip – wasn’t able to, will try to send footage
5.6. Once the rat crosses the beam and enters the home-cage, let it rest for at least 60 seconds to reinforce the target location. This is Trial #1 and is not included in the analysis.
5.6.1. MED: Rat continues to walk across the beam toward the home cage, multiple takes/angles, repeated
5.6.2. MED: Rat enters the home cage and is allowed to rest 
5.6.3. MED: Talent removes rat from home cage
5.7. Next, turn the video camera on and allow the rat to complete the beam-walking task four additional times, maintaining the 60 sec reinforcement periods in the home cage. Once the rat has completed all trials, return it to the home-cage and test the next animal. 
5.7.1. MED: Talent turns on the video camera
5.7.2. Reuse shot 5.6.1
5.7.3. MED: Talent returns home cage and retrieves an new home cage for testing
5.8. If the animal falls off the beam during testing, immediately pick it up and place it back onto the beam in the location from which it fell.

5.8.1. MED: Talent picks up fallen animal and places it on the beam
5.9. To score the data after testing, record the number of hind leg foot-slips and the total time to cross the beam for each individual trial. Use this data to compute average values for each animal and test group. 
5.9.1. MED: Talent sits at computer and views video
5.9.2. Reuse shot 5.5.2 or LAB MEDIA (to be provided): Example of a foot slip
5.9.3. MED: Over the shoulder, talent summarizes data
6. Results: Mild Traumatic Brain Injury
6.1. This graph compares the average differences in time-to-right scores between juvenile rats that experienced a single brain injury compared to sham controls (6.1.1). Injured rats exhibited a significant increase in the duration of time needed to right themselves from the supine position (6.1.2).

6.1.1. LAB MEDIA: Figure 3,  Text overlay “Time-to-Right” to title the graph and then text overlay “mTBI: mild Traumatic Brain Injury” near the legend
6.1.2. LAB MEDIA: Figure 3, highlight the difference between the sham and mTBI bars for both males and females
6.2. Here, the average number of hind leg foot-slips on the Beam Walking task is shown for juvenile rats that experienced a single injury compared to sham injured rats (6.2.1). Injured animals exhibited significantly more foot slips across the beam compared to controls (6.2.2).

6.2.1.  LAB MEDIA: Figure 4,  Text overlay “Beam Walking Tast” to title the graph and then text overlay “mTBI: mild Traumatic Brain Injury” near the legend

6.2.2. LAB MEDIA: Figure 4, highlight the difference between the sham and mTBI bars for both males and females

7. Conclusion (said by authors on camera)
7.1. Michael Esser: Following this procedure, other methods like play based therapy can be performed in order to answer additional questions like: can non-invasive treatment strategies be employed to remediate the social deficits induced by concussion in pediatric populations?
7.2. Richelle Mychasiuk: After watching this video, you should have a good understanding of how to safely induce and detect a mild traumatic brain injury in juvenile rodents that can be repeated at multiple time points. 
Provided Media

Authors, please list all additional* images, movie files, or 3-D rendered animations that can be included in the video per editor’s request.  The step in the script/video where these images will be inserted should be specified.   For example:

6.2 –  0123_PIname_Figure1.tif -  dual color imaging of tumor angiogenesis at 40X 

6.2 –  0123_PIname_Figure2.tif -  dual color imaging of tumor angiogenesis at 100X

Formats:  For static images we prefer .tiff, Illustrator, Powerpoint or Photoshop files at dimensions of at least 720X480 pixels and 300 dpi.  The higher resolution, the better.  Likewise any exported movie files should have at minimum these dimensions and be rendered to .mov, .mp4, or .avi files.  

*Figure files already uploaded do not need to be provided again unless modifications have been made.

Insert your media filenames here.

General Preparation

It’s critical for a smooth and organized shoot that all reagents are accounted for, in advance.   

Any overnight or long incubation steps should be recognized and specimens/samples be prepared in advance so that prior steps can be recorded and shooting can continue with pre-prepared specimens/samples.  

All tubes/flasks should be pre-labeled neatly before we arrive.  

Ex. Luciferase assay done in 96 well plates should be labeled with negative/positive control wells and experimental samples are labeled accordingly.

You will receive more detailed preparation instructions, as well as an introduction to your videographer, closer to your filming date.
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