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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N) _____Yes____ If yes, please list make and model of your microscope: ______________________________
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N)____No____ 
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps__a) dissection (3.2-4.5), b) cannulation (4.6-4.8), c) development of vascular tone (4.12-4.14) and d) assessment of myogenic behavior (5.1-5.3).
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  _______________Dissection and Cannulation___(3.2-4.8)____________
E.  Will the filming need to take place in multiple locations? (Y/N) _______ If yes, how far apart are the locations? _________________________________________________
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 determine the effect of a pharmacological agent or disease state on pressure-induced vascular tone in small resistance mesenteric arteries.
This is accomplished by first isolating the mesenteric arcade from a murine model. (P1)
Video editor, please use shot 3.3.1.
The second step is to dissect the 4th-order small resistance arteries. (P2)
Video editor, please use shot 4.2.2.
The next steps are the cannulation, pressurizing and incubation of the arterial preparation in PSS (Text overlay: PSS: Physiological salt solution). (P3)
Video editor, please use shot 4.6.2.
The final step is to assess the physiological integrity of the arterial preparation, which is demonstrated by spontaneous development of vascular tone and appropriate reversible response to a vasoconstrictor and a vasodilator. (P4)
Video editor, please use shot 4.13.2.
Ultimately, pressure-induced constriction can be measured. (P5)
Video editor, please use shot 5.1.2.
Paste a copy of your graphic overview here.  The original file should be Adobe Illustrator (preferred) or Powerpoint (see instructions) and should be uploaded through your online submission on the JoVE website. Please keep all layers in the file (i.e., do not flatten the file).   
Authors, please provide graphic overview if you prefer not to use the video shots indicated above.
B.  Interview: (Said by you on camera. Don’t forget to smile!)  

1.1. Sandeep Khurana: The implications of this technique extend toward therapy or diagnosis of hypertension, hypotension and vascular dysfunction, because this technique helps identify mechanisms underlying pressure-induced changes in vascular tone, key determinant of blood pressure, vascular resistance and tissue perfusion.  
1.2. Sandeep Khurana: Demonstrating the procedure will be Dr. Jadeja, a post doc from our laboratory.  

1.2.1. Interview style: Author saying the above 

1.2.2. The named technician, post doc, student looks up from workbench or desk or microscope and acknowledges the camera.

Protocol (read by voice talent at JoVE):

2. Preparation of glass cannulas and perfusion chamber
2.1. Begin this procedure by pulling some glass pipettes to generate the 100-150 μm tipped cannulas using a pipette puller.  Next, bevel the glass cannula tips using a microelectrode beveller.  Then, fire polish them and bend the glass cannula tips by 45 degrees using a heater probe.

2.1.1. MED-over the shoulder:  Talent pulls a pipette using a pipette puller.

2.1.2. MED-over the shoulder:  Talent bevels a glass cannula tip using a microelectrode beveller.

2.1.3. CU:  A glass cannula as it is being fire polished and its tip is bent by 45 degrees using a heater probe.
2.2. Begin this procedure by loading a glass cannula into a micropipette holder and attaching the micropipette holder to a perfusion chamber. 
2.2.1. MED-over the shoulder:  Talent loads a cannula into the micropipette holder.

2.2.2. [combined with 2.2.1] MED:  Talent attaches the micropipette holder to the perfusion chamber.
2.3. To prepare the perfusion chamber, rinse it with Milli-Q water followed by dissection solution for 5 min each.  Then, load the chamber with 2 ml of dissection solution. Next, carefully fill the entire cannula and the attached tubing without generating any bubbles.  
2.3.1. CU:  Talent rinses the chamber with Milli-Q water.
2.3.2. CU:  The chamber as it is loaded with 2 ml of dissection solution.

2.3.3. MED-over the shoulder:  Talent fills the entire cannula and the attached tubing without generating any bubbles.

2.3.4. ECU- No bubbles
2.4. Then, prepare two sutures each with a half-knot using blunt forceps.  Under the dissection microscope, use dissection forceps to load both cannulas with partially closed suture knots slightly away from the tip.  
2.4.1. SCOPE:  Talent prepares two sutures each with a half-knot using blunt forceps.

2.4.2. SCOPE:  A scope movie to show that the dissection forceps are used to load both cannulas with partially closed suture knots slightly away from the tip.
2.4.3. SCOPE:  A scope movie to show that the knots are slid onto the cannulated arterial ends and closed.

3. Collection of mesenteric artery arcade from Sprague-Dawley rats
3.1. In this procedure, after anesthetizing the rat by intraperitoneal injection of ketamine/ xylazine (Text overlay: ketamine: 80 mg/kg; xylazine: 10 mg/kg), confirm the deep sedation by toe-pinch.  
3.1.1. MED-over the shoulder:  Talent gives the rat toe-pinch for confirming anesthesia.  Text overlay: Ketamine: 80 mg/kg; Xylazine: 10 mg/kg.
3.2. Next, perform a mid-line laparotomy on an anesthetized rat from the bladder to the sternum by first making an incision in the skin.  Subsequently, make an incision in the underlying muscle layer.  Care must be taken not to injure the intra-abdominal organs. 
3.2.1. MED-over the shoulder:  Talent performs a mid-line laparotomy from the bladder to sternum by making an incision on the skin.

3.2.2. CU:  The surgical site as the underlying muscle layer is incised.
3.3. Tie both ends separately to prevent leak of chyme and feces in order to avoid contamination of the extracellular bathing solution.  Afterward, cut the proximal end of the intestine close to the pylorus, and the distal end close to the ileo-cecal junction.  Then, make an incision on the mesentery at its base near the feeding vasculature.  
3.3.1. CU:  The intestine as both ends are tied.

3.3.2. CU:  The intestine as the proximal end of it close to the pylorus, and the distal end close to the ileo-cecal junction are cut
3.3.3. [combined with 3.3.2] CU:  The intestine as the mesentery is incised at its base near the feeding vasculature.
3.4. Next, transfer the entire small intestinal mesenteric bed to a 50 ml beaker containing ice-cold dissection solution and incubate for 5 min.  Then, rinse it with fresh dissection solution to remove the blood.
3.4.1. MED-over the shoulder:  Talent transfers the entire small intestinal mesenteric bed to a 50 ml beaker containing ice-cold dissection solution.
3.4.2. CU:  The tissue as it is rinsed with fresh dissection solution to remove the blood.
4. Isolation and cannulation of 4th order mesenteric artery
4.1. Now, pin down the proximal end of the intestine on the right hand side in a Sylgard-coated dish.  Extend the remaining intestine in a counter clockwise path, pinning the segment down to spread the mesentery and exposing the blood vessels.
4.1.1. MED-over the shoulder:  Talent pins down the proximal end of the intestine on the right hand side in a Sylgard-coated dish.
4.1.2. CU:  The intestine as the remaining of it is extended in a counter clockwise path.
4.2. Under a stereo zoom microscope, dissect out the 3rd and 4th order small mesenteric arteries parallel to the small intestine by first removing all the covering fat near the 2nd order branch.  Then, dissect out the vein and isolate the artery with a V-shaped branch point.  Be careful not to puncture the selected segment. 
4.2.1. STANDARD: Showing fat.
4.2.2. SCOPE: A microscope movie to show that the vein is dissected out and the artery with V-shaped branch point is isolated.
4.3. Next, isolate a 4-5 mm section of the artery that is parallel to the small intestine.  
4.3.1. [4.3.1 to 4.5.1 combined] CU/SCOPE:  4-5 mm section of the artery is isolated.

4.4. Cut all the 5th order branches embedding into the small intestine slightly away from the origin of branches and preserve a portion.  These portions will be served as holding sites for transferring arterial segments to a perfusion chamber, and subsequently guide their cannulation. 
4.4.1. CU/SCOPE:  The small intestine as the 5th order branches are cut slightly away from the origin of branches.
4.5. Then, cut the arterial segments by making 2 incisions distal to the 5th order branches on each side of the artery, and transfer them to the perfusion chamber.
4.5.1. CU/SCOPE: An arterial segment as 2 incisions distal to the 5th order branch are made on each side of the artery.

4.5.2. Scope:  The arterial segment in the perfusion chamber.
4.6. Cannulate one end of the vessels on a glass micropipette by holding the tip of the arterial segment with dissection forceps.  Slide the previous loaded partially closed suture onto the cannulated end and secure it.
4.6.1. Scope: The arterial segment with its tip on cannulated end.

4.6.2. Scope: The loaded partially closed suture as it is slid onto the cannulated end.
4.7. Subsequently, attach a dissection solution loaded 10 ml syringe to the stopcock connected to this cannula.  Gently raise the syringe.  The gravitational force on the solution will remove the intravascular blood from the open end of the vessel.  After removing the intra-arterial blood, close the stopcock. 

4.7.1. MED-over the shoulder:  Talent attaches a dissection solution loaded 10 ml syringe to the stopcock.
4.7.2. MED-over the shoulder:  Talent rinses the syringe.

4.7.3. Scope:  The vessel as the intravascular blood is removed from the open end.
4.7.4. MED:  Talent closes the stopcock.

4.8. Now, tie the distal end of the vessels onto a second glass cannula by carefully bringing the other cannula as close as possible to the untied end of the arterial segment. Slide the previous loaded partially closed suture onto the cannulated end and secure it.  Care must be taken not to tug or pull on the arterial segments and make sure that stopcocks attached to both cannulas are closed. 
4.8.1. Scope:  Talent carefully brings the other cannula as close as possible to the untied end of the arterial segment.

4.8.2. Scope:  Talent slides the previous loaded partially closed suture onto the cannulated end and secures it.

4.8.3. Scope:  The previously loaded partially closed suture as it is slid onto the cannulated end.
4.9. Transfer the perfusion chamber to the stage of the inverted microscope equipped with live video recording.  Then, connect the stopcock of cannula tied to the proximal end of the arterial segment to a servo-controlled pressure-regulating device.  Make sure the stopcock attached to the other cannula remains closed to maintain stable intraluminal pressure.
4.9.1. MED:  Talent transfers the perfusion chamber to the stage of the inverted microscope.

4.9.2. MED-over the shoulder:  Talent connects the stopcock of cannula tied to the proximal end of the arterial segment to a servo-controlled pressure-regulating device.

4.9.3. CU:  The stopcock attached to the other cannula as it remains closed.
4.10. Next, attach the vacuum tubing to the suction port and the perfusion tubing to the perfusion port of the chamber.  
4.10.1. MED-over the shoulder:  Talent attaches the vacuum tubing to the suction port and the perfusion tubing to the perfusion port of the chamber.
4.10.2. CU:  The beveled needle port, followed by the blunt needle port.

4.11. Start perfusing the vessel with warm PSS (Text overlay: PSS: Refer to accompanying manuscript for composition) through the single inline solution heater at 2 ml/min using a peristaltic pump.  Turn the vacuum on as well.
4.11.1. MED-over the shoulder:  Talent turns on the peristaltic pump and starts perfusing.  Text overlay: PSS: Refer to accompanying manuscript for composition.

4.11.2. MED-over the shoulder:  Talent turns on the vacuum.

4.12. As the temperature of PSS in the chamber is close to 37 °C, slowly increase the intraluminal pressure from 20 to 100 mmHg.  Check the vessel for any leaks by using the automatic pressure setting of the pressure regulator. 
4.12.1. MED-over the shoulder:  Talent slowly increases the intraluminal pressure from 20 to 100 mmHg.

4.12.2. MED-over the shoulder:  Talent checks the vessel through microscope for any leaks by using the automatic pressure setting of the pressure regulator.

4.12.3. MED-over the shoulder:  Talent discards the vessel and replaces with another segment
4.13. After that, assess the arterial segment for bends while maintaining the pressure at 100 mmHg.  Using the screw-lever, move the cannula to straighten the arterial segment and do not over stretch the arterial segments.  
4.13.1. MED-over the shoulder:  Talent assesses the arterial segment for bends.

4.13.2. [combined with 4.13.1] Lab Media:  The cannula as it is moved to straighten the arterial segment.

4.14. Then, reduce the pressure to 70 mmHg to mimic the in vivo pressure in the mesenteric arcade, and allow the arterial segment to stabilize and develop myogenic tone.

4.14.1. MED-over the shoulder:  Talent reduces the pressure to 70 mmHg.
4.14.2. CU:  The arterial segment as it is stabilized.

5. Measurement of arterial diameter and myogenic response 
5.1. In this procedure, view the artery with a 10X objective under a microscope equipped with a monochrome video charge-coupled device camera.  Measure the luminal diameter using a video frame grabber and a real-time edge-detection system (Text overlay:  Refer to Table 3 in the accompanying manuscript for a list of required equipment). Then, record the vessel diameter and monitor the development of the myogenic tone.
5.1.1. MED:  Talent views the artery under a microscope.

5.1.2. MED-over the shoulder:  Talent measures the luminal diameter using video frame grabber and real-time edge-detection system on the computer monitor (Text overlay:  Refer to Table 3 in the accompanying manuscript for a list of required equipment).

5.1.3. MED-over the shoulder:  Talent records the vessel diameter by clicking the “start”/ “record” button.
5.2. After that, reduce the pressure to 20 mm Hg and allow the diameter to stabilize.  Then, increase the intraluminal pressure in incremental steps, such as 20, 40, 60, 80 and 100, and allow the artery to achieve a stable diameter at each pressure step.
5.2.1. MED-over the shoulder:  Talent reduces the pressure to 20 mm Hg.

5.2.2. MED-over the shoulder:  Talent increases the intraluminal pressure in incremental steps.
5.3. Next, repeat the pressure-step response in Ca2+-free PSS containing 0.39 mM EGTA and 0.1 mM sodium nitroprusside.
5.3.1. MED-over the shoulder:  Talent switches the solutions.
6. Results:  Assessing Myogenic Response and Vasoactivity in Resistance Mesenteric Arteries Using Pressure Myography 
Authors, please separate Figure 2 into 2A, 2B, 2C, and Figure 3 into 3A, 3B, 3C, and upload them to JoVE website. Thanks.
6.1. As indicated by the tracing, the diameter of the small mesenteric arteries from rats decreases spontaneously when pressurized at 70 mmHg.  The addition of 1 μM ACh (Video editor, highlight the text “Ach”) increased the diameter to the near-starting diameter.  The addition of 1 μM Phe (Video editor, highlight the text “Phe”) to the tissue bath decreased the arterial diameter. 
6.1.1. LAB_MEDIA:  50997_Khurana_Figure 2A

6.2. And this figure shows that the incubation of the small mesenteric arteries in Ca2+-free PSS increased the arterial diameter. 
6.2.1. LAB_MEDIA:  50997_Khurana_Figure 2B

6.3. The diameter of a single pressurized arterial segment in various perfusates is shown in this table.
6.3.1. LAB_MEDIA:  50997_Khurana_Figure 2C
6.4. Here, the arterial diameter is recorded continuously while increasing intraluminal pressure incrementally in the presence of PSS and Ca2+-free PSS. 
6.4.1. LAB_MEDIA:  50997_Khurana_Figure 3A
6.5. Here are the curves of the arterial diameter achieved at each pressure step. 
6.5.1. LAB_MEDIA:  50997_Khurana_Figure 3B

6.6. And the bar graph of myogenic tone achieved at each pressure step is shown here. 
6.6.1. LAB_MEDIA:  50997_Khurana_Figure 3C
7. Conclusion (said by authors on camera)

7.1. Sandeep Khurana: After watching this video, you should have a good understanding of how to assess the myogenic behavior of small resistance arteries.

7.2. Sandeep Khurana: Following this procedure, other methods like endothelial disruption or arterial premeablization can be performed in order to answer additional questions like the role of endothelium or Calcium-dependent or independent factors in the regulation of vascular tone.

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, 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.

( 2011, Journal of Visualized Experiments


