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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? No
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? Yes 

C.  Which steps of your protocol will viewers benefit most from having filmed? Plethysmograph analysis – Steps 4.1 to 4.11.
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  The procedure, although lengthy, is actually quite simple. However, analysis may be tricky for beginners. A clear and concise protocol will aid a beginner in carrying out these calculations.
1. Introduction (Schematic Overview and Interview)

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

The overall goal of this procedure is to measure respiratory parameters from a conscious rodent using unrestrained whole body plethysmography. (http://dictionary.reference.com/browse/plethysmography+?s=t)
This is accomplished by first calibrating the bridge amplifier (P1).

Once calibrated, a mouse is placed inside the plethysmography chamber and allowed to acclimate before testing (P2). 

Next, the pressure changes that occur within the chamber are recorded (P3).

Multiple respiratory parameters are then calculated from the information obtained while using the plethysmography system (P4). 

Results show that unrestrained whole body plethysmography is a reliable assessment of lung function in rodents (P5).

P1: reuse 3.3.2 or 3.5.2 or LAB MEDIA: figure 2 or figure 3

P2: reuse 4.3.3 or LAB MEDIA: place a mouse inside of the chamber in figure 4

P3: reuse 4.5.2 or LAB MEIA: Figure 4, pan to the right to show the transducer and then up to focus on the monitor collecting data

P4: reuse 5.1.2 or 5.11.12 or LAB MEIA: figure 1

P5: LAB MEDIA: figure 5
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Marcus Zavou: The main advantage of this technique over existing methods, like invasive plethysmography, is that the animals are not anaesthetized, which means that we do not introduce artifacts associated with anesthesia. Also, the non-invasive nature of this technique allows for longitudinal measures. 

1.2. Rebecca Lim: Generally, individuals new to this method will struggle because they tend to underestimate the time needed to acclimatize the mice to the plethysmograph chamber.
Protocol (read by voice talent at JoVE):

2. Initial Setup 
2.1. To begin, set up the data acquisition machine, bridge amplifier and pressure transducer.  When ready, move to the computer and open the analysis software. 
2.1.1. WIDE: Talent points at components mentioned
2.1.2. MED: Talent sits down at the computer, multiple takes/angles, repeated
2.2. Open the ‘Channel settings’ option found in the setup tool bar and change the number of channels being recorded to 1. 
2.2.1. SCREEN: Talent adjusts settings
2.3. Next, set up the water column apparatus as demonstrated. Connect two 5ml serological pipettes with plastic tubing. Fill the columns with water and ensure the water levels are balanced with a ruler. Connect one piece of plastic tubing to the top of each pipette.
2.3.1. MED: Talent secures the two pipettes with plastic tubing
2.3.2. MED/CU: Shot of the water level in both columns as the Talent makes them equal
2.3.3. MED: Talent connects plastics tubing
3.  Bridge Amplifier Calibration

3.1. To calibrate the bridge amplifier, first attach a 1ml syringe filled with 300µl of air to the right hand side of the water column. Attach the left side tubing to the connector on the pressure transducer.
3.1.1. MED: Talent connects syringe to stopcock

3.1.2. MED: Talent connects the left side tubing to the pressure transducer
3.2. Next, open the scroll down menu and select “Bridge amp”.  Enter the correct settings and click ‘zero’ to set the trace at ~ 0mV. 
3.2.1. MED: Talent adjusts software settings

3.2.2. [combined with 3.2.3] SCREEN: Talent continues to adjust settings. Text overlay (5mV, 20Hz low pass, tick the ‘invert’ box) if not in the shot.

3.2.3. SCREEN: Talent clicks zero to set the trace at 0mV
3.3. When ready, depress the 1ml syringe.  The resulting pressure will move the water in the column by 1cm and show a sudden spike on the software due to the pressure change.
3.3.1. MED: Talent depresses syringe

3.3.2. CU: Shot of the column as water is displaced

3.3.3. SCREEN: Example of a spike due to pressure change
3.4. Next, select ‘input units’ from the Bridge Amp window and highlight the “background trace” prior to the spike, otherwise known as the ‘Zero Region’. 
3.4.1. [3.4.1 to 3.6.2 combined] SCREEN: Talent completes actions as described
3.5. Click the arrow next to ‘point 1’ to produce the background signal within the ranges of  -0.002mV and +0.002mV. Type ‘0’ in the window adjacent to the background signal window. 
3.5.1. SCREEN: Talent clicks the arrow to display background signal range

3.5.2. SCREEN: Talent types 0 in the window
3.6. Highlight the region of increased pressure on the graph from when the syringe was depressed. Click the arrow next to point 2.  The value should be in the range of 0.9 – 1.2 mV. 
3.6.1. SCREEN: Talent highlights region on graph

3.6.2. SCREEN:  Talent clicks the arrow and the value is displayed
3.7. Next, type ‘1’ in the window next to the “increased pressure” window. Go to ‘define units’ and select “cm.H2O” and hit OK.

3.7.1. MED: Over the shoulder/side shot, talent makes selections as described 
3.8. Return to the ‘Bridge Amp’ menu, select 1mV and set amplifier to ‘zero’. This will complete calibration and the water column can safely be removed. 
3.8.1. SCREEN: Talent sets amplifier to zero

3.8.2. MED: Talent removes water column
4. Recording Lung Function
4.1. For the best results, test animals should be introduced to the plethysmography chamber one week before the start of experimentation. 
4.1.1. WIDE: Talent enters room with test animals 
4.2. To begin, place the temperature/relative humidity probe on the one-hole end of the plethysmography chamber and record the temperature, humidity and barometric pressure. 
4.2.1. MED: Talent inserts probe into chamber

4.2.2. MED: Talents records temperature, humidity and pressure
4.3. After recording the animal’s weight and body temperature, place it in the plethysmography chamber and close the chamber. 

4.3.1. [4.3.1 to 4.3.3 combined] MED: Talent places animal in chamber

4.3.2. CU: Talent places the cover on slightly

4.3.3. CU: Shot of animal acclimating to chamber

4.4. Next, insert the transducer and syringe in the two holes on the other side of the chamber.
4.4.1. MED: Talent insert transducer and syringe 

4.5. Press ‘Start’ on the software program and record for up to 45 seconds. Make sure to record 5 seconds of data when the animal is not moving. 
4.5.1. SCREEN: Talent presses start and the program starts recording

4.5.2. SCREEN: Example of data recorded when the animal was not moving Reuse shot 5.1.2
4.6. Stop recording after 45 seconds and remove the mouse from the plethysmography chamber. Immediately record the chamber temperature and humidity. 
4.6.1. MED: Talent stops the recording

4.6.2. MED: Talent removes animal from chamber

4.6.3. MED: Talent records temperature and humidity
4.7. Return the mouse to its cage, spray and wipe the chamber with 80% (v/v) ethanol. Allow the chamber to dry and return to baseline temperature and humidity before proceeding on to the next mouse. 
4.7.1. MED: Talent cleans chamber

4.7.2. MED: Shot of chamber undisturbed 
5. Plethysmography Analysis 
5.1. To begin, open the program in full screen and select the data.  
5.1.1. Reuse 2.1.2
5.1.2. [5.1.2 to 5.3.2 combined] SCREEN: Talent selects usable data
5.2. Open the mini data pad window and select ‘cycle measurements’ in the left hand column and ‘average cyclic height’ in the right hand column of column 1.
5.2.1. SCREEN: Talent makes selection in left hand column

5.2.2. SCREEN: Talent makes selection in right hand column
5.3. Select ‘Option’ and set the scale for minimum peak detection to 1.  This will present the ‘Pressure deflection due to each tidal volume’ (PT) measurement. 
5.3.1. SCREEN: Talent sets the scale to 1 millisecond

5.3.2. SCREEN: Example of the ‘Pressure deflection due to each tidal volume’ (PT) measurement.

5.4. In the mini data pad, select ‘cycle measurements’ followed by ‘event count’ to present the ‘frequency’ (f) measurement.  
5.4.1. MED: Over the shoulder, Talent makes selections as described
5.5. Next, select ‘cycle measurements’ followed by ‘average cyclic period’ to present the ‘total breathing cycle time’ (Ttot, sec) measurement. 
5.5.1. SCREEN: Talent displays the  ‘total breathing cycle time’ (Ttot, sec) measurement
5.6. To generate peak inspiration and expiration time values, ensure the cursor is directly over the maximum of the peak/trough and add a comment on 9 sequential peaks and troughs.  
Should I pronounce the slash?  Two versions are recorded
5.6.1. [combined with 5.6.2] SCREEN: Talent places cursor in correct location

5.6.2. SCREEN: Talent adds a comment
5.7. Open a new window and click ‘selection information’ in the left hand column and ‘duration’ in right hand column before selecting ok.
5.7.1. MED: Over the shoulder/side shot, Talent makes selections as described
5.8. Select the macro found at the top of the program to start recording. 
5.8.1. [5.8.1 to 5.10.1 combined] SCREEN: Talent selects macro
5.9. Next, locate the first comment box by using the find tool.  Go to the ‘start of the file’ followed by the first comment and select the ‘Add to data pad’ command. Finally, select ‘begin repeat’ from the macro commands and confirm that the repeat count window is set at 9.  
5.9.1. SCREEN: Talent selects ‘Add to data pad”

5.9.2. SCREEN: Talent selects begin repeat

5.9.3. SCREEN: Shot of the count window set to 9
5.10. Use the ‘Find next’ option and select the ‘Add to data pad’ command.  When finished, select end repeat, stop the recording, and save the macro based on the animal number. 
5.10.1. MED: Over the shoulder, Talent repeats steps

5.10.2. SCREEN: Talent stops recording and saves macro
5.11. The macro can now be run to obtain the Inspiration (Ti) and Expiration (Te) time between each comment. Since expiration and inspiration occurs consecutively, the data appear in this order and needs to be manually split. 
5.11.1. [combined with 5.11.2] SCREEN: Talent runs macro

5.11.2. SCREEN: Example of the expiration and inspiration data

6. Results: Unrestrained Whole-body Plethysmography (UWBP)
6.1. This breathing trace illustrates appropriate, consistent data from a control animal. Nine consecutive comments are added at the peaks and troughs of breathing oscillations to obtain respiratory parameters.

6.1.1. LAB MEDIA: figure 5, label the peaks 1-9

6.2. These examples show the most common suboptimal traces that should never be used for analysis (6.2.1). This trace was recorded while the animal was sniffing and moving (6.2.2).  A trace with oscillations that gradually increase over time is usually caused by condensation and humidity build up (6.2.3). The noise in this trace is the result of the animal or researcher engaging with the equipment (6.2.4). 
6.2.1. LAB MEDIA: figure 6

6.2.2. LAB MEDIA: figure 6, panel A

6.2.3. LAB MEDIA: figure 6, panel B

6.2.4. LAB MEDIA: figure 6, panel C

6.3. This figure demonstrates the lung function of a mouse with bleomycin-induced pulmonary fibrosis. Notice the irregular pattern in the breathing trace.

6.3.1. LAB MEDIA: figure 7, label the peaks 1-9 and/or zoom in on one peak and compare it to a normal one from figure 5

7. Conclusion (said by authors on camera)

7.1. Rebecca Lim: Once the techniques are mastered and the equipment calibrated, plethysmography data can be collected from each animal within 5 minutes. Collected data can be batched analyzed after exporting into a spreadsheet.
7.2. Marcus Zavou: While attempting this procedure, it is important to remember to acclimatize the mice to the plethysmography chamber prior to collecting data. This period may vary between strains of mice. On average, we introduce adolescent C57Bl6 mice to the chamber for 4 to 5 consecutive days prior to data collection.
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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