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A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique?  No.
B. Does your protocol include detailed, step-by-step, descriptions of software usage? No. 
C. Which steps of your protocol will viewers benefit most from having filmed? Steps 5.10 to 5.12.
D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  Transferring mice from the rotator to the apparatus for testing. 
E. Will the shoot take place in more than one location? 

The shoot will take place in 2 different buildings. Interviews will be conducted in the Anderson Stuart Building (F13), while the experiment procedure will be filmed in Bosch Building (1B). These buildings are about a 10 minute walk from each other. 

Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following experiment is to identify changes to balance performance in a mouse model of ageing.  This is achieved by first training mice on an apparatus in order to allow mice to acclimatize to it as well as learn the task. (C1)  As a second step, mice are tested on the apparatus to assess their motor coordination and balance. (C2)  Then, mice are challenged with the vestibular stimulus and retested on the apparatus again. (C3)  The results will show changes in balance with age, based on rotarod and balance beam data. (C4)

Video editor:

C1 – Show the two images for C2.  At “apparatus” use the supplied graph for C1.  Animate the graph addition: start with the axis label, the brackets for training and legend.  Then add the data dots along with the units on the axis, up to the dashed line (not trials 6 7 or 8).  

C2 – Now, complete the graph, adding the data for days 6 7 and 8 and completing the lines.

C3 – show C3.

C4 – show C4.  Start with axis labels.  Add the white box data and legend, then add the grey box data and legend.  Finish with adding the significance bars on top.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  

1.1. Aaron Camp: The main advantage of this technique over existing methods, like Vestibulo-ocular tests which involve tracking eye movements, is that it is a simple and non-invasive test of balance performance.   

1.2. Victoria Tung: Though this method can provide insight into age-related changes to balance performance in mice, it can also be applied to other systems, such as inner ear and neuromuscular disorders.

1.3. Aaron Camp: Demonstrating the procedure will be Edward Dababneh, a research assistant in our laboratory, and Thomas Burton, the manager of the Bosch Institute Animal Behavioural Facility at the University of Sydney. 

Protocol Chapters (read by a voice talent at JoVE):

2. Rotarod Apparatus

2.1. In the rotarod test, mice must walk along rotating and accelerating dowels.  When they lose their balance, they trigger a magnetic sensor.  Scored parameters are recorded by the rotarod apparatus.
2.1.1. LAB MEDIA: 51605_Camp_Figure1.tif – Rotarod apparatus
2.1.2. Reuse 3.7.2 and 3.7.3 of mice in action and falling
2.2. Begin with installing dowels into each lane of the rotarod.  Dowels of different sizes are provided for mice and rats.  However, using the rat dowels for mice works well and prevents mice from clinging to the dowels instead of falling.
2.2.1. WID: talent at bench with disassembled rotatod
2.2.2. CU: two different dowel sizes, talent picks larger size
2.2.3. CU: inserting larger sized dowel into the rotarod
2.3. Next, position the magnetic landing platforms on the wire below each lane of the rotarod.  Make sure that the platforms are not tilted to touch the floor and that they are as close as possible to the right-side magnetic wall, without touching it.
2.3.1. MED: placing a magnetic platform(s) I INCORRECTLY SLATED THIS SHOT AS 2.2.3
2.3.2. CU: more detailed view of placing next landing platform(s)
2.3.3. ECU: view of right-side alignment of platforms, very close to the wall
2.4. Finally, slide two clear plastic panels in front of each lane of the rotarod.  The shorter panel is placed below and the longer panel is placed above. 
2.4.1. CU: talent handles the two plastic panels
2.4.2. CU: slipping panels in to completing the rotarod
3. Conducting the Accelerating Rotarod Test
3.1. Bring the mouse cages into the testing room 10 minutes before starting the trials.

3.1.1. WID: talent arrives to testing room with mice and sets mice onto counter, or not

3.2. While the mice acclimate, input the test parameters for the accelerating rotarod test.  
3.2.1. WID: talent goes to rotarod apparatus control, starts inputting settings FIRSTLY, THE ACTIONS DETAILED IN 3.2.1, 3.3.1, 3.3.2, 3.4.1 & 3.5.1 ARE ALL DONE IN ONE ACTION SO ARE DIFFICULT TO SPLIT INTO MULTIPLE SHOTS SO I JUST RECORDED MULTIPLE ANGLES OF THE ENTIRE ACTION (WS, MS, CU OF KEYPAD, CU OF LED SCREEN). SECONDLY, THE AUTHORS MADE A MISTAKE WHEN SHOOTING THIS SEQUENCE – THEY KEPT PRESSING HASH (#) INSTEAD OF STAR (*) BETWEEN EACH NUMBER INPUT. THIS THEN RESET THE SCREEN & DEVICE. I RECORDED THE CORRECT SEQUENCE IN “3.2.1 (FIX)”. YOU CAN USE ANY OTHER SHOTS THAT DON’T SHOW HASH BEING PRESSED.
3.3. First, set the maximum duration of the test to 60 seconds. Next, set the number of lanes to be used, or the number of mice to be tested.   

3.3.1. MED: the LED control panel for the rotarod, talent starts to set the test duration

3.3.2. ECU: LED panel - setting test duration and lanes used
3.4. Then set the speeds.  Set the test to start at 5 rpm and set the maximum to 44 rpm.  Have the speed ramp up over 60 seconds.  
3.4.1. CU: LED panel  - setting speeds
3.5. Lastly, set the dowel parameters for the use of rat dowels rotating in a forward direction. 
3.5.1. ECU: LED panel - setting the dowel parameters
3.6. When the mice are ready, place the first group to be tested on the stationary dowels for five minutes, allowing them to acclimate. 
3.6.1. MED: moving mice from cage(s) to lanes of rotarod
3.6.2. CU: mice sniffing around in the stationary section or rotarod lanes
3.7. Then, gently nudge the mice to face the back of the rotarod and start the test when all the mice are facing the right direction.
3.7.1. CU: mice being nudged to face the back of the rotarod
3.7.2. CU: second angle, as above, then starting test
3.7.3. MED: mice moving an rotating rotarod, mice falling (collect a bunch of footage)
3.7.4. LAB MEDIA: 51605_Camp_Figure2.tif – Mice on the rotarod
3.8. After the mice have fallen, return them to their cages for ten minutes, with free access to food and water.
3.8.1. MED: talent picking up a fallen mouse 
3.8.2. WID: returning mouse to home cage
3.9. Between trials, while the mice rest, clean off the animal waste from the dowels, lanes and landing platforms.  Also, reset the landing platforms for the next test.
3.9.1. MED: talent cleaning the rotarod – working on rods
3.9.2. CU: cleaning platforms and returning them to their starting position
3.10. Repeat the process for a total of eight trials per mouse.  The first three to five trials are used as training trials. 
3.10.1. MED: setting up mice in lanes, getting them to face the right way and conducting a test THERE ARE MULTIPLE SHOTS AND ANGLES FROM THE PREVIOUS TEST THAT CAN BE USED HERE.
3.10.2. CU: mice walking across dowels
3.11. After all 8 trials, thoroughly clean the dowels, lanes and landing platforms of the rotarod with 70% ethanol, and clean the clear plastic panels with a mild detergent.
3.11.1. MED: disassembling dowels, lanes and platforms – adding them to ethanol bath
3.11.2. MED: placing clear plastic panels into soapy bath
4. Balance Beam Setup

4.1. In this test, mice walk up a one meter long, 14-mm diameter, exposed beam, along a slight slope, to their goal: a dark chamber containing the subject’s housing dome.   

4.1.1. WID: talent enters room with beam set up, talent approaches beam and points out the chamber

4.1.2. LAB MEDIA: 51605_Camp_Figure3.tif – Side view of balance beam
4.2. Two cameras are positioned on either side of the balance beam.  They are each angled to capture the entire length of the beam.  

4.2.1. WID: talent positioning cameras at either side of beam

4.2.2. LAB MEDIA: 51605_Camp_Figure4.tif – Front view of balance beam and cameras
4.3. The video recordings document the trials.

4.3.1. LAB MEDIA: 51605_Camp_Figure5.mov – Video recording of a mouse undergoing the balance beam task.
4.4. Below the beam, the floor is covered with cushioning material.  Mice that fall must be picked up immediately and placed inside the goal box to recover. 

4.4.1. WID:  talent laying out cushioning

4.4.2. WID: talent pretends to pick up a mouse and opens the goal box to put it there

4.5. The interior of the goal box is lined with a paper towel to easily remove animal waste between tests.  The box is large enough that a housing dome can be fit within it.

4.5.1. CU: top view of goal box, talent opens the lid – there’s a clean towel inside

4.5.2. MED: placing a mouse housing dome into the box, empty

5. Conducting the Balance Beam Test with a Vestibular Challenge
5.1. Before testing a mouse, place it in the goal box for two minutes.
5.1.1. WID: like 4.5.3 but mouse in dome now
5.2. Victoria Tung: If you are having difficulty placing mice in the chamber, give the mouse an object to grip onto before lowering it into the chamber. Once the mouse is in the chamber, remove the object. THIS SECTION (5.2 – 5.2.1 & 5.2.2) SHOULD BE MOVED BETWEEN 5.11.1 & 5.11.2)
5.2.1. WID: interview with talent at chamber
5.2.2. CU: loading mouse to chamber using a grip object for assistance, then removing object (maybe a pencil?)
5.3. If the mouse tries to leave the goal box, cover the opening to the beam for five seconds with a gloved hand, to discourage it from leaving again.
5.3.1. CU: top view of mouse in box with dome, mouse investigates the opening
5.3.2. MED: mouse pokes face out of opening and talent puts hand to opening
5.4. Next, the mouse must be trained for the task.  Place it on the beam, just outside of the goal box, and allow it to walk up to the goal box.  Then let it rest for a minute. 
5.4.1. MED: moving mouse from box to the beam
5.4.2. CU: mouse walking up the beam back to the goal box
5.5. Then place it further down the beam and let it walk up again.  Always give the mouse a minute in the goal box between training trials. 
5.5.1. MED: talent puts mouse further down the beam, mouse walks back up
5.5.2. CU: mouse in box, resting
5.6. Keep placing the mouse further and further down the beam until it walks up from the starting line without assistance.
5.6.1. WID: as 5.4.1, further down
5.6.2. CU: placing the mouse at the starting line and it walks back up, follow mouse to box
5.7. Now, to conduct a test, start the recording and, then, place the mouse on the start line.  Stop the recording when the mouse reaches the box or when the mouse falls off the beam.  

5.7.1. WID: talent sets the video camera to record, then initiates trial

5.7.2. MED: mouse performing trial – hopefully one will fall and talent will snag it and get it quickly to the box

5.8. Between trials, let the mouse rest for a minute in the goal box and, in the meantime, clean off any urine or feces from the beam and underlying foam. 

5.8.1. Reuse 5.4.1 mouse entering box and 5.4.2

5.8.2. MED: talent cleaning the beam and underlying foam

5.9. Each mouse should be tested five times in this manner. 

5.9.1. Reuse 5.6.1

5.10. To add an additional vestibular challenge to this test, apply the rotator.  First, acclimate the mice to the sound of the rotator at three Hz.  Operate it for 20 seconds.

5.10.1. MED: talent points out and looks at the rotator (then, optionally, looks at camera with a wicked smile and pumps eyebrows twice)

5.10.2. MED: talent turns on the rotator, record the sound in the room changing

5.10.3. CU: mouse in foreground, talent by rotator in background – sound of rotator

5.11. Then, transfer the mouse to the chamber on the rotator.   Replace the lid and run the rotator for 20 seconds at three Hz.  Start the video recordings as it is spinning. 
5.11.1. Use angle of 5.9.3, or a MED:  talent picks up a mouse and move it to rotator
INSERT 5.2
5.11.2. WID: turns on the rotator and starts a timer (or looks at watch) to measure the 20 seconds
5.12. After 20 seconds, turn off the rotator and manually stop the wheel as quickly as possible. 
5.12.1. MED: switching off the rotator and stopping the wheel from spinning – show the technique THIS SHOT CAN BE FOUND AT THE END OF 5.10.2
5.13. Then, immediately move the mouse to the start line and allow it to complete the trial, as usual.  This test can be performed one to three times before the mice stop cooperating.
5.13.1. WID: moving mouse from rotor to the start line
5.13.2. CU: “dizzy” mouse at the start line, mouse shows some lack of prowess as it climbs up beam and back into the box
5.14. Never forget to clean the balance beam and change the paper towel between mice. 
5.14.1. WID: cleaning the beam and changing the towel
6. Scoring the Effect of Age on Motor Performance with Vestibular Stimulation
6.1. For the Rotarod test, the time to fall for one 1-month-old and one 9-month-old mouse increased steadily during trials 1 to 5 and were therefore considered training trials. The data from where scores stabilized, shown by a dashed line, was used for data analysis.
6.1.1. LAB MEDIA: 51605_Camp_Figure6.tif – Training curve of one 1-month-old mouse and one 9-month-old mouse for the rotarod test.
6.2. One-month-old mice were able to stay on the rotating dowels significantly longer than 9-month-old mice. The data, from a small sample size, is represented as the mean plus-or-minus one standard deviation.
6.2.1. LAB MEDIA: 51605_Camp_Figure7.tif – Measurements of time to fall for rotarod experiments with 1- and 9-month-old mice
6.3. The impact of vestibular stimulation on balance beam performance was also greater with age.  A 20 second spin at three hertz prior to the trial, increased the time taken to traverse the balance beam between the start and finish lines in nine and 13-month-old mice but not in young mice.  Significance was assessed using repeated-measures ANOVA with a Tukey post-hoc test. 
6.3.1. LAB MEDIA: 51605_Camp_Figure8.tif – Measurements of time to traverse the balance beam for mice of ages 1, 9, and 13 months.
7. Conclusion Interview (spoken by you on camera)

7.1. Thomas Burton: While attempting this procedure, it’s important to remember to transfer mice from the vestibular-challenge to the apparatus as quickly as possible in order to minimize the possibility of the mice recovering from the stimulus before completing the task. 

7.2. Aaron Camp: Following this procedure, other methods like PCR, calcium imaging and patch-clamp techniques can be performed in order to answer additional questions like whether changes in motor coordination and balance can be correlated to changes in vestibular hair cell function.

List of Provided Media Filenames and Descriptions (fill this in)

51605_Camp_Overview.eps – Schematic overview

Step 2.1 – 51605_Camp_Figure1.tif – Rotarod apparatus 

Step 3.7 – 51605_Camp_Figure2.tif – Mice on the rotarod 

Step 4.1 – 51605_Camp_Figure3.tif – Side view of balance beam

Step 4.2 – 51605_Camp_Figure4.tif – Front view of balance beam and cameras

Step 4.3 – 51605_Camp_Figure5.mov – Video recording of a mouse undergoing the balance beam task.

Step 6.1 – 51605_Camp_Figure6.tif – Training curve of one 1-month-old mouse and one 9-month-old mouse for the rotarod test.

Step 6.2 – 51605_Camp_Figure7.tif – Measurements of time to fall for rotarod experiments with 1- and 9-month-old mice 

Step 6.3 – 51605_Camp_Figure8.tif – Measurements of time to traverse the balance beam for mice of ages 1, 9, and 13 months. 

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.

( 2014, Journal of Visualized Experiments


