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A.  Microscopy: Does your protocol involve video microscopy, such as filming a complex dissection or microinjection technique? (Y/N)____N_____  

Can you record movies/images using your own microscope camera? (Y/N)_________  

If no, JoVE will need to record the microscope images using our scope kit (through a camera port or one of the oculars). Please list the make and model of your microscope: _____________________________________________

B.   Software Usage: Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____ A very user-friendly software for data capture is used.____ 

C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
In the section 1.1-Prepare the double lumen catheter, it is particularly important to show steps 1.1.1 to 1.1.6 to the viewers

In the section 2.1-¨Prepare the experimental setup, it is important to show steps 2.2.4 to 2.2.13 to the viewers

In the section 3-Posttest assessment and management, it is important to show steps 3.1 to 3.2 to the viewers

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list 1-2 individual steps using the step numbers listed in this document. (Please do not list entire sections.) ___________________________
Authors, please answer this question with the steps listed here in the protocol section for use by the videographer.
Are critical steps conditioning the recovery of the animal at the end of the test:

-all steps related to position of the mouse in the heat place and placement of the nasal catheter (section 2.1, steps 2.2.4 to 2.2.13) 
-all steps related to release of the animal at the end of the test, injection of antidotes (this particular step is important to say but not important to show in the movie) and cleaning the nose after the test (steps 3.1-3.2)

E.  Will the filming need to take place in multiple locations? (Y/N) __N_____ If yes, how far apart are the locations? ___________________________________________________

1. Introduction (Experimental Goal and Author Interviews) – As the beginning of your video, the introduction should clearly present the goal of your method to the viewer and its significance.  Other information can be provided according to the various statements below, but the total introduction should not exceed 150 words. 
A.  Required Interview Statements: (Said by you on camera. Don’t forget to smile!)  
1.1. Teresinha Leal: The nasal potential difference is a valuable method to characterize the phenotype of transgenic mice modelling cystic fibrosis. It allows investigating the efficacy of new target therapies for cystic fibrosis [1-MED]. 
1.1.1. Interview style
1.2. Mathilde Beka: The main advantages of the technique are that it provides reliable measurements in spontaneously breathing mice, reduces test-related mortality and allows repeating the test in the same animal [1-MED].
1.2.1. Interview style
D.  Ethics title card: (for human subjects or animal work, does not count toward word length total)
The studies and procedures were approved by the ethics committee for animal research of the UCL (2017/UCL/MD/015) and in agreement with the European Community regulations for animal use in research (CEE n° 86/609). The investigators are qualified for the animal experimentation following the Directive 2010/63/EU of the European Parliament and of the Council of 22 September 2010 on the protection of animals used for scientific purposes.
Protocol: (read by voice talent at JoVE)
2. Pre-test Assessment and Management
2.1. To prepare the double lumen nasal catheter, heat the middle of a 20 cm long polyethylene tube in the flame about 10-15 seconds until it is soft enough for pulling [1-MED-over the shoulder-TXT]. Then, pull the two ends apart to obtain a very thin capillary tube of about 15 cm long and an outer diameter of 0.1 mm for the nasal probe [2-CU].  
2.1.1. Talent heating the middle section of the tube. Text: 2.0 mm I.D.; 3.0 mm O.D.
2.1.2. CU the tube as the two ends are pulled apart
2.2. Afterward, clean and degrease the two capillaries with pure ethanol [1-CU]. Join them with tape and glue them together using cyanoacrylate glue [2-CU]. Cut away the excess length of the probes with a razor blade to obtain the double lumen catheter of about 8 cm long.
2.2.1. CU the capillaries as they are cleaned with ethanol [Shots 2.2.1, 2.2.2, and 2.2.3]
2.2.2. CU the capillaries as they are taped and glued together
2.2.3. CU the double lumen catheter as it is cut
2.3. Then, inject water through both lumens to verify that they are permeable [1-MED-over the shoulder] and make a mark at a 5 mm distance from the tip [2-CU]. Subsequently, prepare a cream mix by mixing the electrolyte cream and saturated 3 Molar potassium chloride solution in a ratio of 1 to 1, avoiding formation of tiny air bubbles [3-MED-over the shoulder].
2.3.1. *Film as written

2.3.2. CU the tip as a mark is made at a 5 mm distance from it

2.3.3. Talent adds the electrolyte cream and the potassium chloride solution together and mixes
3. Assessment and Management During the Test
3.1. For the experimental setup, to prevent hypothermia during and after the test, use two heating pads, one for the measuring setup, and the other one for the box in which the animal will be placed for recovery at the end of the test [1-MED-over the shoulder].
3.1.1. Talent places a heating pad on the measuring setup and the other one in a box (Videographer Comment: 2 shots) (Editor: I imagine this shot was split between the actions – one likely shows placing a heating pad on the measuring setup, and the other shows placing a heating pad in a box. I can’t be sure without checking the footage, but if that is the case then the second shot (with the box) should begin at “…and the other one for the box…”)
3.2. Turn on the computer, which is connected to the data memory high input impedance and high resolution voltmeter [1-MED-TXT]. Then open the software for data capture [2-MED-over the shoulder].
3.2.1. Talent turning on the computer. Text: Impedance: >1012 Ω, Resolution: 0.1 mV
Videographer, please also capture the high input impedance and high resolution voltmeter as well.
3.2.2. Talent opening the software for data capture on the computer monitor
3.3. Connect the electrodes to the voltmeter [1-MED-over the shoulder]. Next, connect the positive measuring electrode to the nasal catheter and the negative reference electrode to the catheter inserted in the subcutaneous space in a hind limb of the animal [2-CU]. 
3.3.1. *Film as written

3.3.2. CU the animal as the positive measuring electrode is connected to the nasal catheter and the negative reference electrode is connected to the catheter inserted in the subcutaneous space in a hind limb (Editor: The videographer struck out this shot. I’m not sure if that means that the actions are covered in 3.3.1 or if this action is being removed from the video entirely. I’m leaving the VO in for now, to be recorded just in case – but if there is no corresponding shot and 3.3.1 doesn’t cover this action, I suggest omitting the VO)
3.4. Dip the tip of the electrodes together in the cream mix [1-MED]. Check the initial electrode offset value, and reject the electrodes if the value is larger than “+” or “-“ 2 mV [2-CU]. Then, switch on the peristaltic pump [3-MED] and insert the pump tube into the perfusing lumen of the nasal catheter [4-CU].
3.4.1. *Film as written

3.4.2. CU the electrode value indicated in the voltmeter 
3.4.3. *Film as written [Shots 3.4.3 and 3.4.4 combined]
3.4.4. CU the pump tube as it is inserted into the perfusing lumen of the nasal catheter
(Editor: The videographer’s notes are not super clear, but they seem to suggest that 3.5 and 3.6 were swapped, and that the shots for 3.6 were combined with the last few shots of 3.4.)
3.6. 
Fill one lumen of the nasal catheter with electrolyte cream mix through a 10 μL pipette tip [1-MED-over the shoulder]. Adapt the catheter to a silicone tube connector, and fill the connector with cream mix [2-CU]. Afterward, insert the positive electrode in the connector [3-CU]. Check the measuring electrode bridge offset value and reject the bridges if the value is larger than “+” or “-“ 2 mV [4-CU].

3.6.1. Talent filling a lumen of the nasal catheter with electrolyte cream mix

3.6.2. CU the connector as it is filled with cream mix

3.6.3. CU the positive electrode as it is inserted in the connector

3.6.4. CU the voltmeter as the value of the electrode bridge offset displays

3.5. Subsequently, connect the proximal outlet of the pump tube to the vial containing the selected solution for nasal perfusion [1-MED-over the shoulder]. Then connect the distal outlet of the pump tube to the perfusion lumen of the nasal catheter [2-MED-over the shoulder]. 
3.5.1. *Film as written

3.5.2. *Film as written (Videographer Comment: Same as 3.5.1) (Editor: Since these are different actions – though somewhat subtly different – I’m not sure how this is the same as 3.5.1.)
3.6. [1-MED-over the shoulder] [2-CU] [3-CU] [4-CU] (Moved above 3.5)
3.6.1. Talent filling a lumen of the nasal catheter with electrolyte cream mix
3.6.2. CU the connector as it is filled with cream mix
3.6.3. CU the positive electrode as it is inserted in the connector

3.6.4. CU the voltmeter as the value of the electrode bridge offset displays

3.7. Next, fill the second lumen of the nasal catheter with fresh solution A1 [1-MED-over the shoulder]. Dip the tip of the nasal catheter in the vial containing solution A [2-CU]. Reverse the direction of the peristaltic pump to fill a length of the nasal catheter corresponding to 10 seconds of perfusion [3-CU].
3.7.1. *Film as written

3.7.2. CU the nasal catheter as its tip is dipped in the vial containing solution A
3.7.3. CU the nasal catheter as it is filled with solution A
3.8. Subsequently, fold a sheet of absorbing tissue to make a 3 cm wide ‘pillow’ that will be used as a support for the mouse head [1-MED-over the shoulder]. Cover the heating pad with a sheet of absorbing tissue [2-CU]. Then lay the mouse on its back on the heating pad and tape the limbs and the tail to the pad [3-CU]. 
3.8.1. Talent places the “pillow” of tissue on the heating pad

3.8.2. CU the heating pad as a sheet of absorbing tissue is placed over it

3.8.3. CU the mouse as it is placed and taped on the heating pad
3.9. Afterward, insert the reference intravenous catheter in the subcutaneous space of a hind limb [1-CU]. Remove the needle and adapt into the silicone tube connector [2-CU]. Fill the catheter and the connector with cream mix [3-CU] and insert the negative electrode in the connector [4-CU]. 
3.9.1. CU the mouse as the reference intravenous catheter is inserted in the subcutaneous space of a hind limb
3.9.2. *Film as written
3.9.3. *Film as written

3.9.4. CU the electrode as it is inserted in the connector
3.10. Then, fix the catheter and the electrode with tape as required to prevent any displacement [1-MED-over the shoulder]. After placing the reference electrode and bridges, verify the measuring electrode bridge offset value again by dipping the tip of the nasal catheter in the electrode cream mix inside the connector of the IV catheter [2-MED]. Record the stable final offset value [3-CU].
3.10.1. Talent fixing the catheter and the electrode with tape
3.10.2. Talent dips the tip of the nasal catheter in the electrode cream mix inside the connector of the IV catheter (Videographer Comment: Forgot to slate) (Editor: because of the placement of this comment, I’m not sure if they meant 3.10.2 or 3.10.3)
3.10.3. CU the offset value displayed on the voltmeter 
3.11. Now, fix the mouse ears with tape on the heating pad in a free space between the two pieces of absorbing tissue [1-CU]. Fix the vibrissae without touching the eyes [2-CU].
3.11.1. CU the mouse as its ears are fixed on the heating pad with tape (Videographer Comment: 3.11.1 and 3.11.2 are the same as 3.8.3) (Editor: I’m assuming the videographer means that they did not shoot these two shots, and that 3.8.3 should be used instead to replace both)
3.11.2. *Film as written
3.12. To absorb fluid from the oral cavity, move the tongue sideways and insert a pointed wick of filter paper about 1 cm into the mouth [1-CU]. To absorb fluid running out of the perfused nostril, place a second piece of filter paper at the tip of the nose [2-CU].
3.12.1. CU the mouse head as its tongue is moved to the side and a pointed wick of filter paper is inserted about 1 cm into the mouth
3.12.2. CU the mouse head as a second piece of filter paper is placed at the tip of the nose

3.13. Check the positive control value of the epithelial potential by placing the nasal catheter tip in the inside of the mouth [1-MED-over the shoulder CU]. Holding it with fine forceps and under good direct illumination, delicately introduce the nasal catheter into one nostril up to 4-6 mm from the nose tip [2-CU]. 
3.13.1. Talent places the tip of the nasal catheter in the inside of the mouth (Videographer Comment: Wrong slate – 3.12.1 take 1)
3.13.2. CU the mouse as the nasal catheter is introduced into one nostril up to 4-6 mm from the nose tip

3.14. 5 minutes after injecting the anesthetic drugs, gently tilt the heating pad by about 30° with the animal head downwards [1-CU]. Monitor the maximal basal PD value [2-CU-TXT].
3.14.1. CU the animal as  the heating pad is tilted by about 30° with the animal head downwards
3.14.2. CU the PD value displayed on the voltmeter. Text: PD: potential difference 
3.15. When it is stable over 30 seconds, start perfusing the nasal mucosa at 10 µL/ min with the 4 buffered solutions in succession [1-MED-TXT]. Perfuse the first solution for 10 seconds [2-CU] and each following solution for 5 minutes or until a stable voltage has been reached [3-CU]. Stop perfusing forskolin when the transient forskolin response starts going down [4-CU].
3.15.1. Talent turns on the pump. Text: A, A1, B1, B2; See Table 4 in the accompanying manuscript

3.15.2. CU the mouse as the solution is perfused

3.15.3. Show the voltage is stable displayed on the voltmeter.  
3.15.4. Show the transient forskolin response starts going down
3.16. After the assessment, release the mouse from the heating pad [1-MED-over the shoulder]. Administer it with the anesthetic antagonist mix [2-CU] and transfer it to the recovery box with heating pad until full recovery [3-CU].
3.16.1. Talent removing the mouse from the heating pad

3.16.2. CU the mouse as the anesthetic antagonist mix is administered

3.16.3. CU the mouse as it is placed in the recovery box
4. Results: Representative Nasal PD Tracings
(Editor: I split up the results section because the sound bite was too long)
4.1. Here are the representative nasal PD tracings from a homozygous normal mouse [1-LM] and a mouse homozygous for the F508del-CFTR mutation [2-LM], together with the individual values obtained for the nasal PD parameters [3-LM].
4.1.1. 57934_Leal_57934fig4large.jpg: Show A

4.1.2. 57934_Leal_57934fig4large.jpg: Add B

4.1.3. 57934_Leal_57934fig4large.jpg: Add C and D

4.1a. 
Amiloride response is the difference between the values of nasal PD at the end and at the beginning of perfusion of the nasal mucosa with basal buffered salt solution containing amiloride [4-LM-TXT].

4.1.4. 57934_Leal_57934fig4large.jpg: Add text “amiloride” in A and B. Text: Solution A1

4.1b. 
Chloride-free response is the difference between the values of nasal PD at the end and at the beginning of perfusion of the nasal mucosa with chloride-free buffered salt solution plus amiloride [5-LM-TXT].

4.1.5. 57934_Leal_57934fig4large.jpg: Add text “cl-free” in A and B. Text: Solution B1

4.1c. 
Forskolin response is the difference between the values of nasal PD at the end and at the beginning of perfusion of the nasal mucosa with chloride-free buffered salt solution plus forskolin and amiloride [6-LM-TXT]. Total chloride response is the sum of the last two parameters obtained under zero-chloride perfusion [7-LM].

4.1.6. 57934_Leal_57934fig4large.jpg: Add text “forskolin” in A and B. Text: Solution B2

4.1.7. 57934_Leal_57934fig4large.jpg: Add text “total Cl response” in A and B.

5. Conclusion (said by authors on camera)

5.1. Teresinha Leal: The protocol can be used to explore chloride transport defects in the rat, the pig and the ferret cystic fibrosis models, and sodium transport in the ENaC mouse model. Other transporters can be studied by adapting the protocol [1-MED].
5.1.1. Interview style 
5.2. Mathilde Beka: Working in the nasal cavity of rodents is extremely delicate because of the essential role of sensory inputs from the nasofacial region. Adequate depth of anesthesia is thus particularly challenging when operating in the mouse nasal cavity [1-MED].   
5.2.1. Interview style
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:  A single figure with representative results is to be inserted. The file is uploaded as a jpg file and as a pdf file. 
The Figure illustrates a typical nasal PD tracing obtained from a wild-type mouse (A) and the individual values obtained for the nasal PD parameters (B). PDmax: maximal baseline stable value. Amiloride response: difference between the values of nasal PD at the end and at the beginning of perfusion of the nasal mucosa with basal buffered salt solution containing amiloride (solution A1). Chloride-free response: difference between the values of nasal PD at the end and at the beginning of perfusion of the nasal mucosa with chloride-free buffered salt solution plus amiloride (solution B1). Forskolin response: difference between the values of nasal PD at the end and at the beginning of perfusion of the nasal mucosa with chloride-free buffered salt solution plus forskolin and amiloride (solution B2). Total chloride response: sum of the last two parameters obtained under zero-chloride perfusion. Arrows indicate changes of solutions perfused into the nostril.
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 are included in the email accompanying the finalized script.

( 2017, Journal of Visualized Experiments


