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Title: Quantifying Single Microvessel Permeability in Isolated Blood-perfused Rat Lung Preparations
A. Will you require assistance with video microscopy, such as filming a complex dissection or microinjection technique? No.   Microscope - Olympus BX61WI

B. Does your protocol include detailed, step-by-step, descriptions of software usage? No

C. Which steps of your protocol will viewers benefit most from having filmed?  2.1, 2.5, 2.6, 3.4, 4.1 - 4.5, 4.8-4.11

D. What is the single most difficult aspect of this procedure and what do you do to ensure success?  

Inserting the microcatheter. Never force the catheter and only gently guide it into the lung.

E. Will the shoot take place in more than one location? Yes, less than 1 minute (adjacent rooms).
Schematic Overview (read by a voice talent at JoVE)

The overall goal of this procedure is to quantify permeability in single microvessels of isolated rat lungs using a fluorescence-based method. (Intro)  This is accomplished by first isolating rat lungs and perfusing them with autologous blood. (P1) The second step of the procedure is to insert a left atrial microcatheter into a small region of the lung to infuse fluorophore-tagged dextran. (P2)  Then, while the tagged dextran is infused, images of the lung microvessels are collected. (P3)  The final step is to quantify the permeability of single microvessels from the images using software. (P4)  Ultimately, results can show the degree of lung microvessel permeability under different conditions, such as after LPS-treatment. (P5)


Video editor:

P1 – Fade from mouse to heart.  Make heart appear small and move out from chest area of the heart.  

P2 – 1st Fade on the P-labels under as in P2. 2nd Fade on the circle with microvessels and catheter with “into a small region of the lungs”.  

P3 – 3rd fade on the microscope in the beginning of P3 sentence and at “images” switch to the provided image for P3.

P4 – Add the labels as seen in P4.

P5 – Start with Figure 5A and then fade to Figure 5C, at “such as”.
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1. Introductory Interview (spoken by you on camera. Don’t forget to smile!)  
1.1. Kaushik Parthasarathi: Demonstrating the procedure will be Dr. Kathirvel Kandasamy a post-doctoral fellow from my laboratory.

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

2. Isolating the Rat Lung with attached Heart 

2.1. Begin by performing a tracheotomy on a male rat in a confirmed surgical plane of anesthesia. (TEXT: 250 – 300 g Sprague-Dawley rat; 80 – 100 mg ket + 5 – 10 mg xyz / kg) Use a PE-90 tracheal cannula and secure it with sutures.
2.1.1. WID: talent at operating bench
2.1.2. MED: making first incisions for tracheotomy
2.1.3. ECU: inserting and securing the cannula
2.2. Next, infuse the heart with 100 to 200 units of heparin using a 21 Gauge butterfly needle.  
2.2.1. CU: attaching the syringe/needle to cannula and starting flow
2.2.2. ECU: beginning of infusion – solution pumped into heart
2.3. Wait one minute and, then, exsanguinate the blood.  Collect the blood and set it aside.
2.3.1. ECU: heparin pumped through as blood flows out into collection vessel
2.3.2. CU: collection of blood as it accumulates, then setting aside blood
2.4. With saline, fill two cannulas made of 3-mm tygon tubing, 4 cm long and flared on one end.
2.4.1. MED: talent loads a cannula with saline
2.4.2. CU: loading a second cannula with saline – this time showing details of cannula
2.5. Now, perform a thoracotomy.  Make an incision, just large enough for the cannula, into the right ventricle and slide in the flared end of one cannula, toward the pulmonary artery. (TEXT: 3 mm incision)
2.5.1. ECU: making incision and inserting a second (just prepared) cannula into right ventricle
2.6. Secure the cannula with sutures.  
2.6.1. ECU: sutures added to secure the this cannula
2.7. Use the same technique to insert the other cannula into the apex of the left ventricle, toward the left atrium.
2.7.1. ECU: making incision and inserting third cannula (just prepared) into left ventricle
2.8. Secure it with 2-mm wide umbilical tape.
2.8.1. ECU: applying tape to secure this cannula
2.9. Now, remove the impeding connective tissues and remove the lung and heart together with the cannulas.   
2.9.1. ECU: removing tissue/vessels around lung and heart to isolate them and then removing them from the abdomen
2.10. Transfer them to a Petri dish with the diaphragmatic surface of the lung upwards and the three cannulas all aligned.
2.10.1. CU: lung/heart with cannulas set into Petri dish
2.10.2. ECU: adjusting the tissues in the dish to align cannulas and have diaphragmatic surface of the lung upwards
3. Blood Perfusion of the Isolated Rat Lung

3.1. Move the dissected preparation to an adjustable stage, outfitted with #18 tygon tubing attached to pressure transducers, that serve as inlet and outlet tubes.
3.1.1. WID: talent arrives at set up with tissues in dish – set them in place
3.1.2. MED: pan over stage, tubing, pressure transducers
3.1.3. LAB MEDIA: Figure 1
Video editor: Figure 1 is good to show it briefly here, before everything is set up.  
3.2. Now, mix the collection of blood with an equal volume of 5% albumin solution.  Add this mixture to the loading reservoir. 
3.2.1. MED: taking aliquot of albumin, adding to blood, mixing
3.2.2. CU: loading mix of albumin/blood into reservoir
3.3. Start the pump at 14 ml per minute.  Make sure that the tubing has no air bubbles.
3.3.1. CU: starting pump, tubing in view fills with blood, stopping pump
3.3.2. ECU: blood in tubing, pan along tube as much as possible – show that there are or are not bubbles in the blood
3.4. At the preparation, attach the pulmonary artery to the lung inlet tube and the left atrial cannula to the outlet tube.  Double check that there is no air in the tubing and also check that the shunt is open.
3.4.1. CU: connecting pulmonary artery of heart to inlet tube
3.4.2. CU: connecting left atrial cannula to the outlet tube
3.4.3. MED: talent inspecting the tubing for bubbles and checks the shunt, manually
3.5. Connect the tracheal cannula to a third pressure transducer. (TEXT: model P23XL)
3.5.1. MED: connecting cannula to pressure transducer
3.6. Inflate the lungs via the tracheal cannula with 30% oxygen.   Maintain the lungs at five centimeters of water pressure.
3.6.1. MED: using tracheal cannula to deliver 30% O2 gas to lungs
3.6.2. ECU: lungs, inflating with O2 delivery, or just as they appear once with 30% O2 inflation
3.7. Now, clamp the shunt and start the pump at 14 ml per minute to begin the lung perfusion.  
3.7.1. CU: closing shunt with clamp
3.7.2. MED: starting the pump at 14 ml / min
3.8. During the perfusion, adjust the pump to maintain the pulmonary pressure at about ten centimeters of water and maintain the left atrial pressure at three centimeters of water.  
3.8.1. CU: blood flowing through lung in the set up
3.8.2. CU: pressure reading for the pulmonary pressure, reads around 10 cm - make the shot as clear as possible that this measurement is of the lungs
3.8.3. CU: pressure reading for the left atria, reads around 3 cm – make the shot as clear as possible that this is of the heart
4. Microvascular Infusion of the Lung

4.1. Begin with preparing the blood-infused lung.  First build an infusion catheter from a 40-cm length of PE10 tubing inserted into a 30-cm length of PE90 tubing.  Attach the other end of the PE10 tubing to a 30 Gauge needle, attached to a 1 cc syringe.
4.1.1. WID: talent with materials for infusion catheter, starting by cutting 40cm length of PE10 tubing and 30cm of PE90
4.1.2. MED: inserting PE10 into PE90
4.1.3. MED: attaching other end of PE10 to needle/syringe
4.2. Bring the end of the tubing attached to the lung above the preparation and attach the infusion catheter to it.
4.2.1. MED: raising the tubing to the lung to connect it to infusion catheter
4.2.2. CU: connecting lung tubing to infusion catheter
4.3. Guide the infusion catheter to the left atrium and then into the lung, until it meets resistance.  Excessive force will injure the lung.
4.3.1. ECU: inserting the catheter into left atrium to lung

4.3.2. CU: talent applying minimal force to catheter, then finishing the insertion

4.4. Kathirvel Kandasamy: Proper insertion of the microcatheter is critical, as any damage to the lung by the microcatheter will reduce the success of the protocol.
4.4.1. WID: talent at set up, just having inserted infusion catheter, addresses camera
4.5. Next, fill the syringe with Ringer’s and attach it to a pump.  Slowly infuse the solution at a rate of 10 µL per minute.
4.5.1. MED: loading syringe of infusion catheter with Ringer’s solution
4.5.2. CU: ejecting syringe content into tubing, slowly
4.6. Gradually, the infusion site will become pale compared to the rest of the lung.
4.6.1. ECU: solution entering tissues from infusion catheter – show tissue losing color
4.7. To keep the lung surface moist, wrap it in plastic, with the exception of the infusion site.
4.7.1. CU: preparing a piece of plastic to wrap around tissue
4.7.2. ECU: wrapping tissue with plastic, except at infusion site
4.8. Now, to visualize the lung, create a viewing window by attaching an o-ring to a 22-mm coverslip using stopcock grease. 
4.8.1. MED: talent has o-ring, coverslip and grease, prepares to assemble
4.8.2. CU: attaching o-ring to coverslip with grease
4.9. Secure the o-ring to a test-tube holder. Then, position the window over the infusion site.  
4.9.1. MED: securing the o-ring to a test tube holder (stand) and positioning the o-ring over infusion site
4.10. Complete the set up by swinging a 20X objective over the coverslip and focusing on the lung – no visual distortion is expected.
4.10.1. MED: bringing an objective, attached to a microscope/camera over the coverslip
4.10.2. ECU: setup between tissue, coverslip and objective, once in place
4.11. Now, infuse the lung with a solution of choice.  In this example, following the saline, one ml of FITC-conjugated dextran (TEXT: 20 kDa, 0.5 mg / ml) is infused into the lung, via the syringe pump, over the course of 60 minutes.
4.11.1. MED: talent loading ml of dextran solution into syringe
4.11.2. CU: swapping the dextran-loaded syringe into the pump set up
4.11.3. CU: speed used on the pump to deliver dextran over a 60 min time course
4.12. Using the imaging software, record one image per minute over the one-hour infusion and continue recording during the subsequent wash out step for ten more minutes.
4.12.1. MED: talent configuring software to take images and starting the process
4.12.2. SCREEN CAPTURE: configuring software to take images and starting the process, the first image is seen being taken 
Authors, a screen capture shot is created using a screen capture software (easily obtainable) to make a movie of the events on screen during the described step, here image acquisition.  Please upload such a file and name it 4.12.2.mov to match the step.
4.13. After the FITC-dextran is infused, wash it out by infusing the lung Ringer’s solution for at least another ten minutes at the same flow rate.
4.13.1. MED: loading syringe with ringers
4.13.2. CU: replacing the syringes to infuse ringer’s 
4.14. Later, when analyzing the acquired images, score the maximum fluorescence intensity in the region of interest during the FITC infusion.  Then, score the maximum fluorescence intensity of the residual fluorescence after the ten-minute wash out.
4.14.1. WID: talent at computer, analyzing images
4.14.2. SCREEN CAPTURE: scoring the max intensity of an image during FITC infusion

4.14.3. SCREEN CAPTURE: doing the same for post-wash-out images
5. Vascular Permeability after Bacterial Lipopolysaccharide Treatment
5.1. Changes in vascular permeability were investigated using FITC-dextran infusion, following treatment with bacterial lipopolysaccharide, as this is a widely-used model of ALI.  (TEXT: 100 µg LPS / ml (30 min) > Ringer’s (60 min)).  Residual FITC fluorescence was low in microvessels treated with Ringer’s …

5.1.1. LAB MEDIA: Figure 5A

5.2. … but high in those treated with LPS. 

5.2.1. LAB MEDIA: Figure 5C

5.3. Moreover, in comparison to Ringer’s infusion, LPS infusion caused a significant reduction in the permeability index, suggesting a global increase in permeability in all vessels within the image field.

5.3.1. LAB MEDIA: Figure 5E
5.4. When the permeability index was quantified separately for venules and capillaries, the data suggested that the LPS-induced permeability increase was lower in venules, however, the difference was not significant.

5.4.1. LAB MEDIA: Figure 5F
6. Conclusion Interview (spoken by you on camera)

6.1. Kathirvel Kandasamy: After watching this video, you should have a good understanding of how to prepare isolated blood-perfused lungs, insert a left-atrial microcatheter and define permeability in microvessels.

List of Provided Media Filenames and Descriptions
3.1 – Figure1.tif

5.1 - Figure05A-only.tif

5.2 - Figure05C-only.tif

5.3 - Figure05E-only.tif

5.4 - Figure05F-only.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.
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