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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)___NO
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____YES____ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps by their protocol number. 1.3, 2.1, 2.2, 2.3
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the step by its protocol number. 2.2.10. Carefully set up diffuse lighting. 
E.  Will the filming need to take place in multiple locations? (Y/N) ___NO
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):
The overall goal of this methodology is to improve the reproducibility and standardization of behavioral phenotyping in experimental mice by continuous monitoring of basic behavioral measures in a familiar environment.  (Intro)  This modular system is comprised of a digitized climbing mesh ... computerized running wheel ... an automated food dispenser ... two photocell-controlled lickometers ... a computer-controlled light stimulus ... and a shelter. (P1)  Third-party components and infrared MPEG4 technology integrated with video-tracking and event-recording software packages are interfaced to create eight arenas, allowing for the concurrent monitoring of four experimental and four control animals. (P2)  Latencies, frequencies and durations of specific behaviors are analyzed using MedPC IV software, while locomotor activity and topography of movement paths are assessed with EthoVision XT 8.5 software. (P3)  Using comprehensive statistical analysis, the data are often processed to reveal behavioral changes induced by disease progression in diverse mouse models. (P4)

Video editor:

We can make use of the graphic assembly provided by the authors.  Not 100% of it is needed, just use what is asked for in these instructions:

P1 – Start with the mouse and light blue frame around it.  As the parts of the narrative are said “climbing mesh ... computerized running wheel ... an automated food dispenser ... two photocell-controlled lickometers ... a computer-controlled light stimulus ... and a shelter” add in each component to the graphic.  The shelter is in the lower left, just a labeled gray triangle.  I suggest improving the labels and keeping them simple.
P2 – Now add the IR camera and the connection from it to the video card grabber, then add the connection to digital interface package (timed to narrative).  When the narrative goes to “interfaced to create eight arenas” zoom out and simplify the compound graphic to just a mouse in a blue box and show that eight mice in eight boxes with the event recorder graphic attached by eight black lines to each box.

P3 –Now show the three PC screen captures in succession next to the event recorder graphic and the video grabber card graphic (on the sides with the screen centered).

P4 -  Fade between Fig 3A, 3D and 3F.
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B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Boris:  The complex and sensitive nature of behavior often makes reliable measurements in chronically sick mice very difficult.  Using new technologies that allow for accurate, unbiased behavioral analysis, we describe a custom-made monitoring  system, called INBEST, or Integrated Behavioral Station. This apparatus is designed to provide prolonged measurements of basic functional outputs, such as spontaneous activity, food and water intake, emotional reactivity and motivated behavior - all in a low-stress, home-base-like environment. 

1.2. Milica: The main advantages of INBEST over single behavioral tests include continuous monitoring, reduced transportation stress, and rapid collection of multiple sets of data that are instantly fed for unbiased, computerized analysis. 

1.3. Marcella: Although continuous monitoring addresses confounds common in traditional studies, it’s important to note that some domains of behavior (such as neurological function and spatial learning) cannot be studied in the home-cage environment, thus necessitating additional tests to complete the assessment of behavioral profile.  
Protocol (read by voice talent at JoVE):
2. Preparations

2.1. One to two weeks before the start of the experiment, start habituating the mice to a 12:12 light:dark cycle.  The mice are most active at night; set the dark cycle time frame to parallel the experimenter’s working hours. 
2.1.1. WID: talent enters mouse housing room, dimly lit – red light may be acceptable

2.1.2. MED: pan over mice cages – red light may be acceptable

2.1.3. CU: active mice in dimly lit cage – red light may be acceptable
2.2. All other environmental factors, such as temperature and ventilation, should remain constant during this period. 
2.2.1. MED: talent checking thermostat / thermometer in the mouse housing room

2.2.2. CU: reading on the device
2.3. For permanent numerical identification, tail-tattoo the mice.  
2.3.1. ECU: tail tattoo on an active mouse, followed by talent picking up mouse for added action
2.4. For five to seven days prior to testing, regularly handle the mice for up to two hours a day, thus habituating them to this stress.  Measure and record the body weight, rectal temperature, and take notes of their general appearance.  
2.4.1. MED: talent with mouse just picked up, weighing it on scale
2.4.2.  CU: taking temperature of mouse
2.4.3. MED: returning mouse to cage and making notes in log book
2.5. Exclude mice from the study that display gross abnormalities, such as low food or water consumption, body weight loss, a hunched posture, ruffled or stained fur, hydrocephalus, or showing porphyrin discharge from around the eyes.
2.5.1. ECU: sick mouse #1

2.5.2. ECU: sick mouse #2

2.5.3. ECU: sick mouse #3 – each of these three mice should show a different one of the descriptions listed above
2.6. In addition, a wide variety of behavioral tests can be performed during this time frame to determine if a mouse should be excluded from the study.  Generally, between trials, thoroughly clean the testing apparatus to remove urine trails.
2.6.1. WID: talent setting up a behavioral test apparatus, like open field maze

2.6.2. MED: talent placing a mouse on set up apparatus

2.6.3. WID: removing mouse from apparatus and returning to home cage, then cleaning apparatus to remove urine trails
3. INBEST Set Up with Video-tracking and Event Recording Software 
3.1. For a prolonged behavioral study, the food dispenser should have a full supply of mouse chow pellets, each weighting 20 mg.

3.1.1. WID: loading food dispenser

3.1.2. CU: attaching food dispenser to cage

3.2. One bottle should always be filled with fresh tap water.  

3.2.1. MED: attaching loaded water bottle to cage

3.3. In a preference test, a second bottle can provide an alternate solution of interest, such as one containing sugar.

3.3.1. MED: loading 2nd bottle with sugar water

3.3.2. CU: attaching 2nd bottle to cahge

3.4. Weigh the bottles to estimate the volume consumed between sessions.

3.4.1. MED: different cage, with mouse – talent removes water bottle and weighs it

3.5. To measure latency and frequency of drinking bouts, the bottle spouts must be attached to lick-o-meters.  An infrared sensor detects licking, so be certain the sensor is not blocked by the spout nozzle.  If so, change the spout length so it fits.

3.5.1. CU: talent attaching meter to bottle bottle to lickometer
3.5.2. MED: attaching bottle to cage

3.5.3. CU: mouse in cage drinking from bottle with meter

3.6. Within the cage a shelter should be placed in a corner, distal from the running wheel.

3.6.1. CU: opposite view of cage with mouse active and shelter and running wheel in view

3.7. For video tracking, it is necessary that the room is illuminated with a dim, diffuse light that does not reflect off the INBEST’s floor or walls.  Once the lighting is set correctly the testing arena can be digitized for the testing software.

3.7.1. WID: talent adjust lighting in room to be optimal for INBEST

3.7.2. CU: show a reflections of bright room lighting in a cage, as talent dims the lights are the reflections should go away

3.7.3. MED: talent connects IR camera on cage to computer via BNC cable, pan along BNC to the computer
3.8. For this demonstration, the Ethovision XT 8.5 software package is used to set up the arena.  Begin by opening a default tracking project and entering the experimental settings.

3.8.1. WID: talent sits down at computer

3.8.2. MED: talent opens Ethovision XT 8.5 software, screen seen

3.8.3. SCREEN CAPTURE: opening a default tracking project and entering the experimental settings.
3.9. Then, choose the video source, in this case the Picolo Diligent grabber.  Set the number of tracking arenas to four.  Choose center, nose and tail for the tracking points and select the measurement units.  

3.9.1. SCREEN CAPTURE: show the described actions as written
3.10. Next, from the Trial List tab under the Setup menu, define the number of trials by clicking the Add Trials button. 
3.10.1. SCREEN CAPTURE: show the described actions as written 

3.11. Then, toggle the Add Variable option to specify independent variables, like the mouse ID, gender, group assignment and strain.

3.11.1. SCREEN CAPTURE: show the described action as written
3.12. Now capture a background image of the arena by clicking the Arena Settings tab and defining the perimeter of the arena using the available draw tools.

3.12.1. SCREEN CAPTURE: show the described actions as written
3.13. After the arena is defined, use the Add Zone option to outline zones of interest, such as the floor, the lick-o-meters, the food dispenser and so forth.

3.13.1. SCREEN CAPTURE: show the described action as written
3.14. Then, add zones where the mouse cannot be seen by using the Add Hidden Zone Group option.  This would include the shelter and the running wheel.  Each hidden zone should also have a specified entry/exit point.

3.14.1. SCREEN CAPTURE: show the described action as written
3.15. After defining the perimeter and zones of each arena, perform calibration tests using the Calibration option in the software.  Use the scale/axes tool to determine each arena's width and length.  

3.15.1. SCREEN CAPTURE: show the described actions as written
3.16. Then, validate each arena's settings using the Validate button and proceed with setting up the trial parameters and collecting data.

3.16.1. SCREEN CAPTURE: show the described action as written

3.16.2. MED: talent setting up trial parameters, prepared to collect data
4. INBEST Data Acquisition 
4.1. To acquire data, acquisition parameters must be first set in the program.  

4.1.1. Continue/reuse 3.16.2

4.2. Begin by accessing the Trial Control Settings tab and specifying the times frame for the trial.   Set the start condition to being when the duration of the center-point exceeds one second in the arena.  

4.2.1. SCREEN CAPTURE: show the described actions as written
4.3. The duration of the trial is set by expanding the stop condition box and setting the trial to terminate after a pre-set delay, such as 10 hours.

4.3.1. SCREEN CAPTURE: show the described actions as written
4.4. Now, select an option for the detection method from under the Detection Settings tab.

4.4.1. SCREEN CAPTURE: show the described actions as written
4.5. Next, grab the reference image of the empty arena by using the Settings button and selecting “grab current”.
4.5.1. SCREEN CAPTURE: show the described actions as written
4.6. While still in the detection module, adjust the range of contrast for the center nose and tail detection points.  Set the range to be continuous.  Then, indicate that the mouse is brighter or darker than the background.

4.6.1. SCREEN CAPTURE: show the described actions as written
4.7. Now, adjust the subject size setting, which is based on the camera's field of view.  

4.7.1. SCREEN CAPTURE: show the described actions as written
4.8. Then, if needed, adjust the frames per second of analysis, based on what the computer is capable of processing.  14.9 frames per second is usually sufficient.

4.8.1. SCREEN CAPTURE: show the described actions as written
4.9. When all the changes are made to the detection module options, be sure to save them before proceeding.

4.9.1. SCREEN CAPTURE: show the described actions as written

4.9.2. WID: talent takes a break from working at the computer to stretch, check equipment, or something like that
4.10. To measure latency, frequency and duration of behavioral acts, a custom-made routine in MedPC IV is used for step-by-step input of the session parameters, such as mouse ID, trial duration, running wheel bouts, etc.  
4.10.1. SCREEN CAPTURE: show the described actions as written

4.11. When these parameters are all input and all the testing equipment has been turned on, proceed by placing the mouse into the arena.  
4.11.1. WID: talent turning on all the testing equipment

4.11.2. MED: loading mouse into the arena
4.12. Then, synchronize the video- and event-tracking packages by simultaneously pressing the "record" buttons and quietly leave the room.
4.12.1. MED: pressing the record buttons simultaneously
4.12.2. WID: leaving the room
4.13. Later, when the recording period expires, return the mice to their home-cages, measure the bottle weights and save all the recorded data to digital media.
4.13.1. WID: talent returns to testing room, and begins moving mice back to home cages

4.13.2. MED: weighing bottles from the test arenas
4.14. The raw data can be output to a spreadsheet for analysis and the raw video files can be scored for infrequent behaviors, such as stereotypy or seizures.
4.14.1. MED: talent working with computer, looking at data on a spreadsheet

4.14.2. MED: talent working with computer, watching recorded video of mouse in arena
5. INBEST Read-outs of CD1 Mice
5.1. A prolonged study with CD1 mice using the INBEST was performed.  Several days of pre-surgery baseline data was collected, followed by post-surgery data that include sustained intra-cerebro-ventricular administration of brain-reactive antibodies starting from day 5.  

5.1.1. Fig3A-3F multi-panel view

5.2. Experimental groups showed various impairments, including reduced licking of water bottles.

5.2.1. Fig3A alone

5.3. They also showed an increased latency to approach bottles with sucrose solution.

5.3.1. Fig3B alone

5.4. And they showed decreased food consumption.

5.4.1. Fig3C alone

5.5. Coinciding with these changes, the mice administered brain reactive antibodies also showed diminished running wheel activity in comparison to control mice.

5.5.1. Fig3D alone

5.6. Ambulation as measured by the video-tracking software, was also diminished in the experimental group.
5.6.1. Fig3E alone

5.7. The treated mice preferred to spend time in their shelters.

5.7.1. Fig3F alone

5.8. Using this data, a simple ethogram was constructed to illustrate these behavioral differences.

5.8.1. Fig3G – scroll X-axis and data from left to right while holding Y-axis still on left edge of scrolling data.
6. Conclusion (said by authors on camera)
6.1. Bosa: After watching this video, you should have a good understanding of how to set-up a custom-made monitoring apparatus for unbiased behavioral analysis in a home-base-like setting.  

6.2. Minesh: Automated home-cage phenotyping provides a wealth of information permitting more accurate assessment of the onset, kinetics, and severity of disease-induced behavioral deficits related to spontaneous locomotion, motivated behavior, and emotional reactivity.  

6.3. Minesh: By minimizing issues relating to inconsistent environmental settings, transportation stress, and repeated handling, apparatus like INBEST can significantly enhance consistency and precision of behavioral results across separate studies.
Provided Media

Authors, Please list all 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, .eps, 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.  

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.
 2015, Journal of Visualized Experiments


