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A.  Will you require JoVE to record video microscopy through a microscope? N 
B.   Does your protocol include descriptions of software usage? N
C.  Which individual steps (not sections) of your protocol will viewers benefit most from having filmed? 2.1.-2.11, 3.1.-3.8., 4.1.-4.6.

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  1.8: Success is ensured by practice
E. Will the filming need to take place in multiple locations? N
1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of this procedure is to measure the fixed volume of a mouse lung after the direct delivery of a water soluble agent of interest. (Intro) This is accomplished by first intubating the mouse with a slightly modified intravenous cannula. (P1) Next, the fluid of interest is instilled through the cannula into the lung, (P2) and then the lungs are connected to a reservoir for fixation. (P3) In the final step, the lungs are dissected (P4) and the lung volume is measured. (P5) Ultimately, the quantitative morphology of the fixed lung tissue can be compared between experimental lung samples. (P6)
No graphic

(P1) Show mouse in supine position, then have cannula appear and enter neck/trachea then tube enters cannula (e.g. 50318@00:30-00:34)
(P2) have (blue?) fluid enter cannula and spread into lungs
(P3) have tube leave cannula, then have cannula attach to reservoir (see Graphics.pptx slide 2)
(P4) have scissor appear and dissect lungs/lungs leave mouse

(P5) then hang lungs from device (Figure 5.tif) and lower lungs into beaker of water on balance (see Graphics.pptx slides 3 and 4)
(P6) Figure 7.tif
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Wayne Mitzner: The main advantage of this instillation technique over existing methods is that with our method there is almost no chance of incorrectly placing the cannula within the trachea. The procedure to fix the lung under constant pressure is simple and leads to consistent fixation in different lungs.
1.2. James Limjunyawong: Use of this method ensures both a direct delivery of the drugs or other agents of interest to the lung and an accurate and precise measurement of the lung volume.  Finally, the method to measure fixed mouse lung volume allows for proper [?] quantification of lung [?] structure.
Protocol (read by voice talent at JoVE):
2. Lung instillation
2.1. Before beginning the procedure, manually bend the tip [2.1.1.-WIDE] of a commercial one-inch long 20 gauge intravenous cannula into a slight curve [2.1.1.-CU].

2.1.1. Few seconds Talent bending cannula

2.1.2. Shot of bent cannula

2.2. Then, after confirming anesthesia by lack of response to toe pinch [2.2.1.-ECU-TXT], apply ointment to the eyes of an adult mouse [2.2.2.-ECU] and secure the mouse in the supine position on a sloped platform with a large office binder and suture loops [2.2.3.-CU].

2.2.1. Shot of toe being pinched (TEXT: Anesthesia: ketamine 100mg/kg + xylazine 15mg/kg ip)

2.2.2. Ointment being applied to one eye

2.2.3. Few seconds mouse being secured

2.3. Shave the ventral part of the neck [2.3.1.-CU] and disinfect the skin with 70% alcohol [2.3.2.-CU].
2.3.1. Few seconds neck being shaved

2.3.2. Few seconds skin being disinfected
2.4. Then, using sharp scissors, make a small surgical incision in the neck 
approximately 12 mm below the lower incisor [2.4.1.-CU-TXT].
2.4.1. [2.4.1 – 2.6.2 combined] Few seconds incision being made (TEXT: 70% EtOH-sterilize all surgical instruments)   

2.5. Next, use forceps to gently pull the skin in the neck caudally until the ventral wall of the trachea can be seen [2.5.1.-CU]. Then gently retract the tongue [2.5.2.-CU] and insert the cannula with the bent tip tilted toward the ventral surface of the mouse [2.5.3.-CU].
2.5.1. Last few seconds of skin being pulled until trachea is seen

2.5.2. *Film as written

2.5.3. Few seconds cannula being inserted  
2.6. Pulling gently on the neck skin again as just demonstrated [2.6.1.-CU], insert the cannula into the trachea [2.6.2.-CU-TXT].

2.6.1. *Film as written

2.6.2. TEXT: Cannula not visible if entering esophagus

2.7. When the catheter can be observed in the trachea [2.7.1.-CU], advance the catheter about 5 mm to pass the vocal cords [2.7.2.-CU].
2.7.1. Shot of catheter in trachea (Videographer: Combine 2.7.1. and 2.7.2. as appropriate)

2.7.2. Few seconds catheter being inserted past vocal cords (Videographer: Combine 2.7.1. and 2.7.2. as appropriate)   

2.8. Now place the tip of a gel loading pipette loaded with 50 microliters of the instillate into the luer hub of the catheter [2.8.1.-CU].

2.8.1. *Film as written 

2.9. Confirm movement of the fluid in the tip synchronous with the mouse’s breathing [2.9.1.-CU]. Then inject the instillate [2.9.2.-CU].
Very gentle process – recommend freeze frames
2.9.1. Few seconds fluid moving in tip

2.9.2. *Film as written

2.10. Using a 1 ml syringe, immediately inflate the lungs with 0.6 ml of air through the catheter to help distribute the liquid deep in the lungs [2.10.1.-CU].
2.10.1. Syringe being depressed/chest inflating

2.11. Then remove the cannula [2.11.1.-CU], close the surgical wound with a small amount of cyanoacrylate adhesive [2.11.2.-CU], and place the mouse in an individual cage with monitoring until it is fully recovered [2.11.3.-CU].

2.11.1. Few seconds cannula being removed

2.11.2. [combined with 2.11.1] Few seconds adhesive being applied

2.11.3. Few seconds fully recovered mouse moving around in cage

3. Lung fixation
3.1. After the final experimental time point, make a small cut in the neck of the animal to expose the ventral side of the trachea [3.1.1.-WIDE-TXT]. Then insert an 18 gauge stub needle tip into the trachea [3.1.2.-CU]. 
3.1.1. Talent making incision (TEXT: Euthanasia: anesthetic overdose) 

3.1.2. [3.1.2 – 3.3.2 combined in take 2] *Film as written

3.2. Using thread, tie the needle into the trachea [3.2.1.-CU] and carefully open the thorax with a midline incision [3.2.2.-CU].

3.2.1. Few seconds thread being tied

3.2.2. Few seconds incision being made

3.3. Then cut away the diaphragm and remove the lateral chest walls to expose the lungs.

3.3.1. Few seconds diaphragm being cut

3.3.2. Few seconds chest wall(s) being removed

3.4.  Next, connect the luer end of the needle to a reservoir on a ring stand containing formaldehyde [3.4.1.-MED].
3.4.0 de-air system
3.4.1. More Talent, reservoir and ring stand than mouse in shot as possible  

3.5. Set the top surface of the formaldehyde 25 cm above the level of the mouse [3.5.1.-CU] and open the stopcock to inflate the lungs with the fixative [3.5.2.-CU].

3.5.1. *Film as written

3.5.2. *Film as written
3.6. After leaving the lungs under pressure for at least 20 minutes, slowly pull back on the needle to expose more of the un-cannulated trachea while tying off the trachea beyond the end of the stub needle [3.6.1.CU].

3.6.1. [3.6.1 – 3.7.2 combined, audio slated] Split action into separate shots as necessary 

3.7. When the trachea is securely tied [3.7.1.-CU], remove the stopcock [3.7.2.-CU] and carefully dissect out the lungs [3.7.3.-CU].
3.7.1. Shot of securely tied trachea

3.7.2. *Film as written

3.7.3. [3.7.3 – 3.8.1 combined] Few seconds lungs being dissected  

3.8. Then place the lungs in formaldehyde overnight [3.8.1.-CU].
3.8.1. Lungs being placed into formaldehyde  
4. Measurement of the fixed lung volume
4.1. Here, a typical device for holding the lungs in place during the fixed lung volume, made from plastic pipettes [4.1.1.-LM] and thin 20 gauge wire [4.1.2.-LM], is shown [4.1.3.-LM-TXT]. 

4.1.1. Figure 5.tif: please indicate plastic pipette when mentioned

4.1.2. Figure 5.tif: please indicate wire when mentioned

4.1.3. Figure 5.tif: TEXT: Device easily adapted to most laboratory balances
4.2. To measure the fixed lung volume, first dissect the heart and any other non-lung tissue from the lungs [4.2.1.-CU-TXT].
4.2.1. Few seconds tissues being dissected (TEXT: Caution: Do not puncture lung/leak fixative)
4.3. Next, place a beaker containing 200 microliters of water equipped with the wire support device onto a balance [4.3.1.-CU] and tare the equipment [4.3.2.-CU]. 

3 T + audio
4.3.1. Beaker/device being placed onto balance

4.3.2. “Tare” being pressed and/or weight going to “0”

4.4. Then remove the device [4.4.1.-MED], place the lung on the water surface [4.4.2.-MED], and use the device to press the tissue under the water [4.4.3.-MED], taking care that the lung, suture, or any part of the device does not touch the sides or the bottom of the beaker [4.4.4.-CU].
4.4.1. [4.4.1 – 4.4.4 combined] *Film as written

4.4.2. *Film as written

4.4.3. *Film as written

4.4.4. Shot of lung/suture/device in beaker not touching sides of beaker (Video Editor: if possible/appropriate, please indicate the space between each of the pieces of the device/tissue and the beaker when mentioned with arrows or brackets or similar)
4.5. Record the weight on the balance [4.5.1.-CU]; this number reflects the volume of water displaced and is thus a direct measure of the lung volume [4.5.2.-MED]. 

4.5.1. Shot of weight reading on balance

4.5.2. Talent writing weight down in lab notebook or similar 
4.6. Then dry the lung on a wiper [4.6.1.-CU], tare the beaker with the device again [4.6.2.-MED], and repeat the lung volume measurement [4.6.3.-CU].
4.6.1.  Few seconds lung being dried

4.6.2. Talent placing beaker/device onto balance

4.6.3. If possible, shot of lung in water with weight visible on balance OR Lung being placed into beaker
5. Results: Instillation and fixed lung volume measurement

5.1. Here, an example of a lung into which Trypan blue was instilled as just demonstrated is shown [5.1.1.-LM]. Note the widespread distribution of the dye, similar to what has been observed for other dyes or tracers administered directly into the mouse trachea [5.1.2.-LM].

5.1.1. Figure 7.tif: no animation

5.1.2. Figure 7.tif: please outline/indicate blue staining

6. Conclusion (said by authors on camera)
6.1. Wayne Mitzner: These techniques are useful in studies of lung cancer, but they are also applicable to most other lung disease models in the mouse.

6.2. James Limjunyawong: While attempting this procedure, it’s important to remember to be careful with the insertion of the cannula and to keep the tip ventral side up.
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.  

Figure 5.tif

Figure 7.tif
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.
�This tenting the skin and using fine ophthalmic scissors provides greater accuracy and prevents damage to the underlying tissues. Furthermore, veterinarians at Johns Hopkins (e.g. Julie Watson, DVM) have reviewed and approved the procedure.
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