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A.  Will you require JoVE to record video microscopy, such as filming a complex dissection or microinjection technique? (Y/N): N if the small  video camera  currently mounted  to the Leica inverted microscope via a custom attachment  can be  used _ALSO We have a high quality digital video recorder available and will have pre-recorded sequences of key steps in Sections 5 and 6 that can be used if necessary (If you can record images/videos using your own camera/software, then mark No)   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)__N___ If yes, we will need you to record using screen recording software to capture the steps. If you use a Mac, QuickTime X also has the ability to record the steps.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps using the step numbers listed in this document. _ Answer:  Note steps 5.1-5.1 and 6.2-6.5 involve video microscopy:  Fill micropipette (4.1), Position restrainer and micropipette near microvessel (5.1-5.2), Cannulate the vessel 5.3-5.4, Measure  Balance pressure 5.5, Microocclusion  6.2-6.5

D.  What is the single most difficult aspect of this procedure and what do you do to ensure success?  Please list the steps using the step numbers listed in this document.__ The most difficult part of the protocol is the actual cannulation of the microvessel. Steps 5.3-5.4

E.  Will the filming need to take place in multiple locations? (Y/N) __ N 

1. Introduction (Schematic Overview and Interview)
A. Schematic Overview (read by voice talent at JoVE):

Procedural Narrative:
The overall goal of the following experiment is to enable repeated measurements of the hydraulic conductivity or water permeability of the walls of venular microvessels in the rat mesentery under controlled experimental conditions. (Intro)
This is achieved by cannulating a venular microvessel to enable the oncotic and hydrostatic pressures in the lumen to be set and to allow the chemical composition of the perfusate and superfusate to be precisely controlled. (P1, Editor, use the pipette with flow marker RBCs in slides 1-3 to show the pipette being inserted into the microvessel.)
Next, the vessel is occluded, and red cells suspended in the perfusate which act as flow markers can be observed moving in the lumen as indicators of transvascular fluid exchange. (P2, Editor, bring in the occluder as in slide 3 and lower it as in slide 4 and then show one or two of the black dots flowing into the microvessel as shown in slide 4.)  [To clarify—prior to the occlusion the red cell flow markers move quickly from the pipette all the way through the vessel. When occluded, flow markers in the pipette and in the vessel are seen to almost stop, with only a little forward motion during the occlusion. So, it would not make sense to show them “flowing into the microvessel” during an occlusion. Perhaps have a look at the actual occlusion (see 1485.mov from about 3:45 to 4:00) to understand.]
Then, the position and velocity of the marker red cells are recorded either towards the site of occlusion or away from the occlusion site. (P3, as in slide 5, show the black dots moving towards the occluder.)
Finally, occlusion is released and repeated for additional measurements, or the vessel is re-cannulated and measurements are repeated under changed conditions. (P4, Editor, as shown in slide 6, lift up the occluder and move the black dot to the left.  Then lower the occluder again.)
Ultimately, paired measurements of hydraulic conductivity under control and test conditions, can be made to enable the most direct investigation of the factors regulating microvessel permeability. (P5, Editor, show figure 4 here and point out the Ctrl column for control conditions and the Bk column for test conditions.)
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).   
B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Curry: An advantage of this technique over existing methods is that the regulation of microvascular permeability is investigated in a microvessel  in an intact microvascular bed at the same time as key  experimental variables such as the composition of the perfusate,, the surface area for exchange, and microvessel are directly controlled.

1.2. Author name Adamson: This method can address questions regarding cellular and molecular mechanisms of permeability regulation of microvessels having properties representative of intact organs and provide comparison to results from cultured endothelial monolayers which often are used to investigate details of molecular mechanisms. 

1.3. **Author name Curry: Demonstrating the procedure will be Joyce Clark_MS who has introduced many critical technical improvements to the protocol over a period of over 25 years as our laboratory manager.
1.3.1. Interview style: Author saying the above 

1.3.2. 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. Preliminary Fabrication of Micropipettes, Restrainers, and Blockers

2.1. TEXT ON WHITE BACKGROUND:  All procedures were reviewed and approved by the Institutional Animal Care and Use Committee at The University of California Davis.
2.1.1. TEXT of the above statement
2.2. To begin, use an electronic puller to form several clean borosilicate glass capillary tubes into tapered halves, each with an approximately 1 cm tip length.  
2.2.1. WIDE Talent at electronic puller places capillary into machine

2.2.2. MED/CU Talent pulls capillaries and removes one from machine

2.2.3. ECU Talent holds up pulled capillary to show tip
2.3. Using an air-driven grinding wheel and 0.5 µm abrasive paper bathed in water and a micropipette holder set at a 30-degree angle from the horizontal, bevel the micropipettes.
2.3.1. MED/CU of the grinding wheel and wet abrasive paper
2.3.2. CU Talent sets micropipette holder to 30-degrees and uses grinding wheel to bevel a micropipette 
2.4. After washing and drying the micropipettes according to the text protocol, select micropipettes with an opening about 50 µm long and a bevel length-to-width ratio between 3.1 and 3.5.  They should also have a sharply-tapered point which helps penetrate the tough collagen fibers in the mesentery (TEXT: store in dust-free box). 

2.4.1. CU Talent picks a tip from box and holds to camera

2.4.2. LAB MEDIA Figure 1A, Editor, place side by side with 2.4.1 when the dimensions are mentioned
2.5. To make restrainers, briefly hold a non-beveled, pulled glass capillary near a microflame to form a blunt end.  Repeat to make several restrainers and store in a dust-free box.

2.5.1. MED/CU Talent holds non-beveled capillary near flame to form a blunt end

2.5.2. LAB MEDIA Figure 1B, Editor, place below 2.5.1 when blunt end is mentioned

2.5.3. CU Talent places restrainer in dust-free box with other restrainers, Editor, use for last sentence.
2.6. Then make microoccluders by holding a non-beveled pulled capillary tube at an angle under a microflame and use a tubing adapter or broken micropipette to gently bend the tube ~4 mm from the tip at an angle close to 120 degrees with respect to the shaft.  It is important that the tip is neither sealed in the flame nor broken.

2.6.1. MED/CU Talent holds non-beveled capillary at angle under microflame
2.6.2.  CU/ECU Talent bends tip and shows to camera that tip is not sealed or broken
3. Arranging Mesentery Tissue and Identification of Microvessel (Authors will provide microscopy footage for this section, section 5, and section 6)
3.1. After anesthetizing a rat and arranging the mesentery tissue and the gut according to the text protocol, position the animal tray on the microscope stage so that the mesentery is visible through the eyepieces. 

3.1.1. CU Talent completes arrangement of mesentery and gut of rat on tray

3.1.2. MED/CU Talent positions animal on stage

3.1.3. LAB MEDIA/SCREEN Mesentary becomes visible through eyepiece 2.mov; 0-15”
3.2. Position a gravity-fed drip line of mammalian Ringer’s solution to continuously superfuse the mesentery (TEXT: 35-37°C).  Then use gauze pads to hold the gut in place, help retain moisture and wick excess Ringer off the surface.  
3.2.1. MED/CU Gravity fed drip line of Ringer’s

3.2.2. CU Talent positions line to superfuse mesentery

3.2.3. CU Talent places gauze pads around gut
3.3. Adjust the flow and aspirate the effluent to maintain a consistent layer of superfusate.
3.3.1. MED/CU Talent adjusts the flow

3.3.2. CU Talent aspirates the effluent 

3.4. Identify target venular microvessels, which are unbranched segments downstream of convergent flow and one or two branches distal to true capillaries. 
3.4.1. LAB MEDIA/SCREEN of target venular microvessels downstream of convergent flow 2.mov; 15-24”
3.5. Find an unbranched vessel having brisk blood flow and free of white cells sticking on the vessel wall.  Position the test microvessel in the center of the microscope field and move the restrainer into position near the chosen cannulation site.
3.5.1. LAB MEDIA/SCREEN Talent identifies an unbranched vessel having brisk blood flow and no sticking cells and positions it in center of field 2.mov; 24-37”
3.5.2. LAB MEDIA/SCREEN Talent moves the restrainer into position near the chosen cannulation site 3.mov; 20-43”
4. Fill Micropipette and Mount in Holder

4.1. To fill the micropipette, draw up perfusate and washed erythrocytes into a syringe prepared according to the text protocol. Make sure that there are no bubbles in the tubing.

4.1.1. CU Talent fills syringe with perfusate and washed erythrocytes

4.1.2. CU/ECU of syringe to show that there are no bubbles
4.2. Advance the tubing into the large end of the micropipette until it abuts the tapered region.  

4.2.1. CU Talent advances tubing into large end of micropipette until it reaches the tapered region

4.3. Apply a gentle quick push on the syringe plunger to fill the micropipette tip.  A tiny stream or drop will appear at the tip when it is full.  While withdrawing the tubing, gently push on the plunger to fill the micropipette shaft.

4.3.1. CU/ECU Talent applies a quick push on syringe plunger to fill micropipette tip and a drops appears at tip

4.3.2. [combined with 4.3.1] CU/ECU Talent simultaneously withdraws tubing and gently pushes on plunger to fill micropipette shaft

4.4. Next, remove small bubbles in the shaft by gently flicking it.  Then, place the micropipette into a pipette holder with a side port, which allows a continuous fluid connection to a water manometer.  

4.4.1. CU Talent removes air bubbles by flicking micropipette

4.4.2. CU Talent places micropipette into pipette holder with side port

4.5. Ensure that the holder, which is attached to a hydraulic drive and micromanipulator is at a slight horizontal angle (TEXT: 15-25 degrees) so that the edge of the micropipette taper does not hit the gut or tray. 

4.5.1. MED/CU Holder shown attached to a hydraulic drive and micromanipulator

4.5.2. CU Talent adjusts holder to 15-25 degree angle

4.6. Using a syringe or water-filled rubber bulb, adjust the hydrostatic pressure applied to the fluid in the micropipette by changing the height of the fluid in the water column of the manometer to about 40 cm of H2O above the mesentery.

4.6.1. CU Talent uses syringe or water-filled bulb to adjust the hydrostatic pressure to ~40 cm of water above mesentery

5. Microcannulation and Microvascular Pressure Measurement 

5.1. Before positioning the filled micropipette under the microscope, gently press the restrainer onto the tissue near the microvessel, applying sufficient force to grip the tissue. 

5.1.1. MED/CU Shot of filled micropipette ready to be positioned under scope

5.1.2. LAB MEDIA/SCREEN Talent presses restrainer onto tissue near microvessel and grips tissue 3.mov; 43-47”
5.2. Draw the restrainer back, slightly stretching the tissue in line with the microvessel so that the stresses in the mesenteric collagen fibers are aligned with the vessel.


5.2.1. LAB MEDIA/SCREEN Talent draws restrainer back, stretching the tissue and aligning mesenteric collagen fibers with vessel 3.mov; 47-57” AND 5.mov; 0-10”
5.3. Align the micropipette with the vessel and lower it into view through the eyepieces.  Place the tip just upstream of the chosen cannulation site and lower it onto the tissue so that it partially obstructs flow within the vessel but does not occlude it.
5.3.1. CU Talent aligns and lowers micropipette

5.3.2. LAB MEDIA/SCREEN Micropipette comes into view through eyepieces 5.mov; 12-20”
5.3.3. LAB MEDIA/SCREEN Talent lowers micropipette onto tissue upstream of cannulation site and lowers it to partially obstruct flow 5.mov; 20-45”
5.4. Using the hydraulic drive, cannulate the vessel by slowly driving the pipette tip into the vessel lumen, taking care not to push the tip through the other side of the vessel.  As the micropipette enters the lumen, the perfusate will rapidly wash the blood out of the vessel lumen and enter the circulation.    
5.4.1. CU Talent manipulates the hydraulic drive

5.4.2. LAB MEDIA/SCREEN Pipette tip slowly enters the lumen of the vessel and perfusate can then be seen washing blood out of the vessel 5.mov; 46-53”
5.5. Lower the perfusion pressure by adjusting the manometer until the red cells gently oscillate in the vessel lumen. This determines the balance pressure, which measures the hydrostatic microvessel pressure, or Pc, at the distal end of the microvessel segment.  Maintain vessel perfusion above this balance pressure.

5.5.1. CU Talent lowers perfusion pressure

5.5.2. LAB MEDIA/SCREEN Red cells begin to gently oscillating in vessel lumen and continue to oscillate (Authors: we’ll need enough footage of this segment to cover the entire narrative here.) 5.mov; 1:46-2:20
6. Microocclusion and Collection of Data

6.1. To carry out microocclusion, place the blocker above the perfused vessel near the lower edge of the microscope field.

6.1.1. MED Talent at scope begins to place blocker above perfused vessel

6.1.2. LAB MEDIA/SCREEN Talent places blocker above perfused vessel near the lower edge of microscope field 5.mov; 3:30-3:40
6.2. Using video and audio, verbally record the location of the block site as seen in the eyepiece reticle.

6.2.1. LAB MEDIA/SCREEN Video of location of block site seen and talent verbally records location 5.mov; 3:40-3:47
6.2.2. MED/CU Talent verbally records location of block site, Editor, place next to 6.2.1 and include the audio of the location at a reduced level.

6.3. With the tip of the blocker placed just above the microvessel, use the fine z control of the micromanipulator to gently lower the blocker until the flow in the vessel is occluded.  

6.3.1. CU Talent uses fine Z control to gently lower blocker

6.3.2. LAB MEDIA/SCREEN Blocker gently lowered until flow in vessel is blocked 5.mov; 3:47-3:52
6.4. Use audio to note the manometer pressure.  Then apply occlusion for 3-10 seconds and release to restore free perfusion.  

6.4.1. CU Shot of manometer pressure

6.4.2. MED/CU Talent verbally recording manometer pressure, Editor, place this side by side with 6.4.1

6.4.3. LAB MEDIA/SCREEN Talent applies an occlusion and then releases to restore perfusion 5.mov; 4:05-4:20
6.5. Move the block site up the vessel toward the pipette tip in 5-10 µm steps, carrying out no more than 3-5 occlusions at each location to prevent vessel wall damage at the block site.  Analyze the data according to the text protocol.

6.5.1. LAB MEDIA/SCREEN Talent moves block site up vessel towards micropipette tip and applies another occlusion (and may apply a second occlusion at same site). 5.mov; 4:20-5:20
7. Results: Microvessel Permeability Measurements 
7.1. This time course measures the changes in hydraulic conductivity, or Lp, in a rat venular microvessel successfully cannulated with four perfusates.  The magnitude of Lp at constant pressure was used to measure changes in microvessel wall permeability when perfused with 1% BSA as a control versus 10 nM of the inflammatory agent bradykinin, or Bk.

7.1.1. LAB MEDIA Figure 4 – only the first 50 minutes visible, Editor, when control is mentioned, point out the top Ctrl label and point out the Bk label for bradykinin 

7.2. As shown here, Bk caused a transient increase in Lp that returned to control levels within 10-15 minutes.  After re-establishing baseline levels with 1% BSA, 10 nM Bk was reperfused along with 1 uM sphingosine-1-phosphate, or S1P.  The results indicate the S1P significantly attenuated the response to Bk.  

7.2.1. LAB MEDIA Figure 4 with right side of graph added in with ‘After re-establishing baseline levels…’ For the first sentence (before adding in the right side of the graph), point out the Bk peak and then the drop after 40 minutes for ‘returned to control levels…’ For ‘Bk was reperfused along with 1 uM S1P,’ point out the Bk & S1P region of the graph and for the last sentence, point out the small peak around 80 minutes.

7.3. For some experimental designs, it is important to estimate both the solute reflection coefficient for a macromolecule and the Lp.  This is accomplished best by measuring Jv at multiple pressures on each individual microvessel.  This experiment estimated both Lp and the effective oncotic pressure of 5% albumin in the perfusate when there was no albumin in the tissue surrounding the microvessel.  

7.3.1. LAB MEDIA Figure 5, Editor, begin with an empty graph that only has labels for the x and y axes.  For ‘by measuring Jv at multiple pressures…’ add in the three points with error bars around 18 Pc, 40 Pc, and 60 Pc.  

7.4. Jv/S was measured at three different pressures and plotted here.  The Lp is the slope of the relation between Jv/S and pressure, and the intercept on the pressure axis is the effective oncotic pressure difference across the vessel wall.

7.4.1. LAB MEDIA Fig 5 (no arrows), Editor, for ‘The Lp,’ add in the black arrow and ‘slope is Lp’ text.  For ‘the intercept…’ add in the black arrow and the ‘intercept is…’ text from the original Figure 5.
8. Conclusion (said by authors on camera)
8.1. Author name ADAMSON: When combined with other techniques such as immunofluorescent labeling and confocal microscopy, or even transmission electron microscopy, microperfusion enables powerful analysis of microvascular endothelial structure and function on vessels of known permeability. 
8.2. Author name CURRY: After watching this video, you should have a good understanding of how to make repeated measurements of the hydraulic conductivity or water permeability of the walls of venular microvessels in the rat mesentery under controlled experimental conditions and to use the approach to investigate the regulation of microvascular permeability in a range of experimental rat models including genetically modified rats that are likely to become available using the new gene-editing CRISPR/Cas9 technology.

Provided Media

2.mov
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5.mov
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.
( 2013, Journal of Visualized Experiments


