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Title: Assessing Murine Resistance Artery Function Using Pressure Myography
A. What is the single most difficult aspect of this procedure and what do you do to ensure success? 

The single most difficult aspect of this procedure is to mount the microvessel on to the cannula without damaging the tissue. In addition, the vessel must not be leaking from any location in order to obtain its real reactivity to best simulate the in-vivo condition. To ensure the successful mounting of the vessels without any damage or leakage, we use sharp and well-built surgical equipments to hold the vessels. We also make sure that the cannulas which the vessel is mounted on are of appropriate size for the vessel and do not have any breakage or damage at the tip. For a 2nd or 3rd order mesenteric artery we use cannulas with tip size of 120 μM.

Schematic Overview (read by a voice talent at JoVE)

The overall goal of the following experiment is to determine the real time vascular reactivity of mouse resistant artery, in vitro, in near physiological conditions. (intro)  This is achieved by mounting a small segment of the vessel onto two micro cannulas and maintaining it at physiological luminal pressure  (P1)  The vessel is then constricted with an alpha 1 receptor agonist, pheylephrine, to study the ability of any drug to dilate the vessel.   (P2)  Challenging the constricted vessel with acetylcholine assesses its ability to dilate in real time via an endothelium-dependent mechanism. (P3)  The results show the percentage change in lumen diameter in response to acetylcholine and verify that sGC(1 (pronounced S-G-C-Alpha-one) -deficiency results in impaired endothelium-dependent vasodilation. (P4)
Video editor:

P1: Show Figure 1, first just the machine, remove all the labels, next zoom in on the central portion of the chamber to switch to the blow up to the right side of figure 1

P2: Using Figure 2, show the image in A and then transition to image B. The traces on the right are distracting, so do not use them.  Also do not show the legend.  Make the little red bars and green bars in the turquoise box appear after the first image is shown, then change the image without changing the position of the bars.  Then, slide the bars to their new positions. 

P3: Using the top panel of Figure 4 have the line appear from left to right, filling the screen from top to bottom, as the line grows it stops progressing to about 2/3 to the middle and then the steady extension of the line causes it to be pushed off screen to the left.  When an arrow pops up above the line, write “PE” for the first arrow and “ACh” for each subsequent arrow, these labels can replace the labels that are currently there.  Show the bottom bar on this panel, but again, not the second panel or the legend.

P4: Show Figure 3, do not show the legend.  Make the lines in the graph wipe on from left to right.
1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. Emmanuel Buys: The main advantage of this technique compared to existing methods, like wire myography, is that pressure myography permits the near characterization of small micro vessels, which are more relevant in maintaining blood pressure homeostasis than larger conductance vessels. 
1.2. Mohd Shahid: This method can help answer key questions in the cardiovascular field, such as hypertension where micro resistant vessels play a critical role.  

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

2. Isolating Mesenteric Artery 
2.1. Start by euthanizing a mouse with pentobarbital. (TEXT: 200 mg/kg, i.p.)
2.1.1. WID: talent preparing a euthanized mouse for surgery
2.2. Now, open the abdominal cavity and begin dissecting out the mesenteric tissue.  
2.2.1. CU: opening the abdomen of the mouse and placing it under the dissecting scope
2.3. Now identify a 3rd order mesenteric artery and isolate it from the connective and adipose tissue.  Differentiating between arteries and veins at the micro vessels level is problematic when there is no blood in the vessels, so doing this in the intact animal is preferable.
2.3.1. SCOPE:  talent needs to show us arteries and veins, so the viewer can relate the dialogue to the [Video Editor: If the shot is not long enough for the second sentence of the VO, the second sentence can be left out.]
2.4. Once identified, isolate the mesenteric artery free of connective and adipose tissue.
2.4.1. SCOPE: removing the artery and trimming away attached tissues in the process
2.5. Place the artery in ice-cold HEPES-PSS solution, pre-equilibrated with 95 percent oxygen for 15 minutes.  
2.5.1. CU: setting the artery in a dish of cold solution
2.5.2. MED: adding oxygen to the dish and starting a timer to countdown 15 minutes
2.6. Next, cut a 2 to 3 millimeters long segment of 3rd order mesenteric artery and place it in a dish containing HEPES-PSS (pronounced heaps-P-S-S) buffer.  The arterial segment should not contain any branching.  
2.6.1. MED: placing the dish with artery under the scope 
2.6.2. SCOPE: cutting the artery into small rings without branches
3. Setting Up Mesenteric Artery in the Myograph Chamber
3.1. Prepare the myograph chamber by gently filling the cannulas through inlet and outlet valves with HEPES-PSS solution from a 10 ml syringe.  Be aware that excessive pressure can damage the fragile transducer connected to cannulas.  
3.1.1. MED: talent, myograph chamber AND scope: talent loads syringe with HEPES and then prepares to perform next step, under scope
3.1.2. SCOPE: placing syringe into inlet valve and filling
Videographer: If any of the SCOPE shots are customarily done without the scope, only use an ECU only if it will show the action, otherwise stay with a more detailed SCOPE.  An ECU can show hand positioning, which can be useful.
3.1.3. SCOPE: placing syringe into outlet valve and filling
3.2. After filling the cannulas, tightly close both valves.
3.2.1. CU: closing the valve on one cannula
3.2.2. CU: closing the valve on the other cannula
3.3. Now, transfer the isolated arterial segment into the chamber and mount one end of the vessel onto the right cannula, carefully tying it with a fine strand of nylon suture.  
3.3.1. SCOPE: suturing the vessel to the right cannula
3.4. Mohd Shahid: Mounting the vessel is the single most critical step of the procedure. To ease this step, first, position the chamber so the cannulas are aligned vertically and, second, secure the vessel with very fine tweezers to widen the lumen.
3.4.1. MED/WID: interview style shot of Mohd at dissection scope
3.5. Using a syringe, flush and fill in the vessel with HEPES solution via the inlet valve. 
3.5.1.  SCOPE: syringe into inlet valve flushes vessel with solution
3.6. Now, mount the other end of the vessel onto the left cannula and secure the cannula to the vessel with a nylon suture.
3.6.1. SCOPE: suturing the vessel to the left cannula
3.7. Fill the chamber with up to 10 ml with HEPES solution.  Check for the leak by gently pushing HEPES solution via inlet valve with the help of a syringe.
3.7.1. CU: the syringe emptying HEPES into chamber
3.7.2. SCOPE/ECU: as HEPES is pushed in, show the locations on the chamber that would leak, weather it is happening or not
3.8. Now, place the chamber under the video camera.
3.8.1. CU: positioning chamber under camera’s view
3.9. Start the oxygen and heat the chamber to 37 degrees Celsius.
3.9.1. CU: at chamber, turning on the oxygen flow and turning on the heat

3.10. While the inlet valve is closed, connect it to the P1 tube from the first HEPES solution reservoir.  Let any bubble and solution pass through the tube until there are no bubbles in the tube.  Then, open the valve.
3.10.1. MED: connecting the inlet valve and P1 tube, showing the solution reservoir
3.10.2. ECU: bubbles passing through tube until all have passed
3.10.3. CU: opening the inlet valve
3.11. Connect the left valve of the chamber with tube P2 coming from pressure regulator.  
3.11.1. CU: conning the left valve with tube from pressure regulator
3.11.2. MED: talent inspecting the tube (for bubbles) and then opening the valve
3.12. Make sure that there are no bubbles or leakage in the entire system.
3.12.1. MED: talent carefully looks over all the parts of the system that could leak
3.13. Go to the pressure menu on the myo-interface panel or in the software and turn ON the pump while turning OFF the flow. 
3.13.1. MED: talent interfaces the computer
3.13.2. SCREEN CAPTURE: pressure menu, activate the pump and turn off flow
Authors:  for the SCREEN CAPTURES, you will need to use conventionally available screen capture software that can capture videos, to make a video file of the action being described in the corresponding narrative.   Name the file according to the shot number, e.g. 3.13.3.mov, and upload it to your project folder.  The resolution used for the video should be the same as your screen.
3.14. Open the program and click COLLECT.  Monitoring and analysis of the vessel lumen, vessel diameter, and wall thickness is now possible.
3.14.1. SCREEN CAPTURE: opening program, clicking collect, opening the windows that allow you to monitor parameters described
3.15. To gradually raise the interluminal pressure, select the P1 pressure and enter a sequence of ascending pressure values from 5 to 60 mm of mercury.  
3.15.1. SCREEN CAPTURE
3.16. Vessels sometimes twist or convolute while the pressure increases, so adjust the tension or strain accordingly with the help of vertical or longitudinal micropositioner.
3.16.1. ECU: micropositioner(s) attached to vessel is adjusted
LAB MEDIA: Figure 2
3.17. Once the pressure is at 60 mm and the bath is at 37 °C, equilibrate the vessel for at least 45 minutes and up to 1 hour.
3.17.1. SCREEN CAPTURE: show pressure arriving to 60 mm
3.17.2. MED: talent sets a timer to countdown 45 minutes and/or records the time of day in lab notebook, checking a visible clock or watch so we get the idea
3.18. During the equilibration period, change the bath solution once with pre-warmed HEPES. 
3.18.1. MED: talent prepares to remove solution from the bath with appropriate instrument
3.18.2. CU: removing solution from the bath and, then, adding back fresh solution
4. Measuring Vascular Reactivity
4.1. Now that the arterial section is equilibrated, apply 10 ml of KCl depolarizing solution, at 37 °C.  The smooth muscle will fully depolarize and achieve maximum constriction.  
4.1.1. WID: talent loading syringe with KCl solution
4.1.2. CU: adding solution to the bath
4.1.3. SCREEN SHOT: window showing the depolarization/constriction of the vessel from when KCl is added to when it has stabilized
4.2. After obtaining a stable constriction, rinse the bath with HEPES solution three times on 10-minute intervals. (TEXT: Rinse 3 X)
4.2.1. MED: emptying bath and reloading with fresh HEPES, then setting a timer to countdown 10 minutes
4.2.2. CU: as above, closer angle
4.3. Now, check the viability of the vessel and integrity of the endothelium.  First pre-constrict the vessel by adding phenylephrine to 10−5 mol per liter.
4.3.1. MED: loading syringe with phenylephrine solution
4.3.2. CU: adding phenylephrine to the bath
4.4. When a stable constriction has been obtained, perform a cumulative concentration- vasodilation response curve by sequential addition of increasing doses of acetylcholine from 10−9 to 10−5 mol per liter.  
4.4.1. SCREEN CAPTURE: show window the constriction of the vessel from the time of adding the phenylephrine, to when the constriction stabilizes
4.4.2. CU: acetylcholine bottle label and syringe, loading the syringe 
4.4.3. MED: adding solution to bath then monitoring the constriction on the computer
4.5. After last acetylcholine dose, rinse the preparation with HEPES three times on 10 minute intervals. 
4.5.1. Reuse 4.2.1 and 4.2.2
4.6. Now, determine the passive lumen diameter by applying calcium-free PSS containing 2 mmol EGTA per liter.
4.6.1. CU: EGTA/PSS bottle, label visible, syringe enters and loads with solution
4.6.2. Reuse 4.4.3
4.7. From the recorded tracings, measure the lumen diameter for each dose response, which will be used to calculate all parameters.
4.7.1. SCREEN SHOT: pull up recoding traces and copy values from the traces into a spreadsheet to make the calculation
4.8. Express the acetylcholine relaxation response as a comparison between the treatment with the agonist and calcium-free buffer, in terms of how much each altered the lumen diameter from the phenylephrine-induced constriction state. 
4.8.1. No shot, just show this equation and legend
Percentage dilation = 100% × [(Dx – Di)/(DCa-free – Di)]

Dx = lumen diameter after dose of agonist

Di  = initial lumen diameter following phenylephrine constriction

DCa-free = lumen diameter in Ca2+-free buffer
5. Pressure Myography with sGC(1-/- ​​Mice
5.1. Pressure myography was used to study vascular relaxation in response to acetylcholine in mesenteric resistance arteries isolated from WT and sGC(1-/- (pronounced S-G-C-alpha-one-knockout) mice on the S6 and B6 backgrounds and preconstricted with phenylephrine. 
LAB MEDIA: Figure 4a
5.2. sGC(1-deficiency was associated with a decreased ability of acetylcholine to induce vascular relaxation, regardless of the genetic background of the mice studied. 
LAB MEDIA: Figure 4b
5.3. However, endothelium-dependent relaxation of sGC(1 null mice was more markedly impaired in the S6 background than the B6 background.  Together, these findings suggest that the decreased sensitivity of the vasculature to endothelial-dependent relaxation may contribute to the strain-specific hypertension in sGC(1-/- mice.  
LAB MEDIA: Figure 5
6. Conclusion Interview (spoken by you on camera)

6.1. Shahid Mohd: Once mastered, this technique can be done in 1 or 2 hours if it is performed properly.

6.2. Emmanuel Buys: In addition to this procedure, other methods like confocal microscopy can be performed concurrently on the live vessels.  This allows the measurement of intracellular ion concentrations that can help identify underlying signaling mechanisms.
List of Provided Media Filenames and Descriptions (fill this in)
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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.
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