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Authors, please fill out the brief questionnaire below.   

A.  If your protocol involves video microscopy, such as filming a complex dissection or microinjection technique, does your microscope have an attached (or attachable) camera (Y/N)? Yes, the microscopes are equipped with uEye cameras connected to the computers which allow visualization of the microscopical pictures on the screen or should JoVE send a scope camera so that filming can be done through the microscope (Y/N)? No, I think it is not necessary.
B.   Does your protocol include detailed, step-by-step, descriptions of software usage? (Y/N) What exactly do you mean? We use the “TimeLaps Recorder” program to take pictures from the lung sections analysed by videomorphometry and the Optimas program for measurements of diameters and luminal areas of the arteries. Next the data are transferred into the Excel program to plot changes in the luminal area against time. For analysis of differences among experimental groups we use the SPSS program.
C.  Which steps of your protocol will viewers benefit most from having filmed? Please list 4-6 steps
- opening of the thoracic cavity
- perfusion of the pulmonary vasculature
- filling of the lungs with agarose via the trachea
- cutting of the lungs into 200 µm thick sections and removal of the agarose
- microscopic identification of cross sectioned arteries
 __________________________
D.  What is the single most difficult aspect of this procedure and what do you do to ensure success? 
Filling of the lungs with agarose is the most difficult step. It is important to fill in the agarose fast enough so that is does not solidify during the procedure but not too fast because this causes damage of the lungs. 
 ______________________________

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 analyze hypoxic pulmonary vasoconstriction of murine intra-pulmonary arteries with inner diameters of 20-100 µm. (Intro)

This is accomplished by first filling the airways of the lungs with low melting point agarose. (P1, Video Editor: have the lungs come out of the mouse (but remove the diagonal black lines first))

The second step is to use a vibratome to cut the isolated lungs into 200 µm thick slices. (P2, Video Editor: have the diagonal black lines appear, one at a time, on the lung)

Next, the agarose is removed from the lung sections by incubation in 37°C warm medium which is bubbled with normoxic gas so the sections move slowly in the fluid. (P3, Video Editor: have the pink slices (between the black lines) from the 2nd image become the oval shapes in the 3rd image and move into the pink solution in the 3rd image.  At “bubbled,” have the rod move into the beaker and the white bubbles appear. As the bubbles appear, the three ovals move slightly in the container.)

Then an individual lung section is transferred into a flow-through superfusion chamber followed by videomorphometric analysis of vasoreactivity of a cross-sectioned artery. (P4, Video Editor: one oval comes out of the P3 beaker and become the image under the microscope in the 4th image. The oval slice is bigger than the square photo under the scope, so maybe you can zoom into the slice and have the square photo appear in the middle of it? As you zoom in, have the microscope and computer monitor appear.)

Ultimately, changes in the luminal area of the vessel in response to different treatments are evaluated. (P5, final image)

Use 09_Figure4.ppt  or Figure 4.tif



B.  Interview: (Said by you on camera. Don’t forget to smile!)  
1.1. Author name Renate Paddenberg: The main advantage of this technique over existing methods, like intravital microscopy of subpleural microvessels or the measurement of vascular tension in isolated proximal pulmonary arteries, is that it allows the quantitative analysis of vasoreactivity of intra-pulmonary arteries with diameters between 20 and 100 µm.   
1.2. **Author name Renate Paddenberg: Demonstrating the procedure will be Anna Goldenberg and Petra Mermer, two technicians from this lab.  
1.2.1. Interview style: Author saying the above 
1.2.2. Anna Goldenberg looks up from workbench or desk or microscope and acknowledges the camera.
1.2.3. Petra Mermer looks up from workbench or desk or microscope and acknowledges the camera.


Protocol (read by voice talent at JoVE):
Isolation of Murine Lungs and Preparation of Precision Cut Lung Slices
Immediately after killing a mouse by cervical dislocation, open the abdominal cavity. Move the intestinal loops aside and sever the large abdominal vessels for bleeding. 
2.1.1. WID: Talent at surgical bench, arranging dead mouse with abdominal side up.
2.1.2. MED: Talent picks up scalpel or scissors and begins to cut the abdomen.
2.1.3. CU: Opening the abdomen.
2.1.4. CU: Talent moves the intestines aside and severs the large abdominal vessels.
Next use fine scissors to penetrate the diaphragm. This causes the lungs to collapse as a result of air entry into the pleural cavity. Continue cutting to detach the diaphragm from the inferior thoracic aperture. Now cut the ribs and the clavicle laterally to remove the ventral part of the rib cage. Take out the thymus.
2.1.5. CU: Talent uses fine scissors to penetrate the diaphragm.
2.1.6. CU: Talent detaches the diaphragm from the inferior thoracic aperture.
2.1.7. MED: (Don’t show eyes). Talent cuts the ribs and clavicle, and removes the ventral rib cage and the thymus.
Fill a syringe with warm perfusion buffer. Next, cut a small hole into the left ventricle of the heart, adjust the outflow of the perfusion buffer, and perfuse the pulmonary vasculature slowly via the right ventricle until the lungs appear white. 
2.1.8. MED: Talent fills a syringe with warm perfusion buffer (show warm water bath or warming device, if possible) (TEXT: Perfusion buffer: 37°C Hepes-Ringer buffer with heparin and sodium nitroprusside)
2.1.9. CU: Talent cuts a small hole in the left ventricle.
2.1.10. CU: Talent adjusts the outflow of the perfusion buffer and inserts the needle from perfusion syringe into right ventricle.
2.1.11. CU: Talent slowly perfuses the lungs: show the lungs turning white.
Next, remove the salivary glands, small muscles, and connective tissue from the trachea. Disconnect the trachea from the surrounding connective tissue, and insert a piece of sewing cotton between the oesophagus and the trachea for later ligation. 
2.1.12. CU: Talent removes the salivary glands, cuts away small muscle and disconnects the trachea from the surrounding connective tissue.
2.1.13. CU: Talent inserts a sewing cotton thread between oesophagus and trachea.
Then use a micro-scissor to cut a small hole into the upper part of the trachea between two neighbouring tracheal cartilages. After filling a syringe with 37°C warm low melting point agarose, connect it to a flexible plastic cannula and push in the plunger slowly until the air is removed from the cannula. Now insert the cannula into the small hole in the trachea and carefully anchor it in place with sewing cotton. 
2.1.14. CU: Talent uses microscissors to cut a small hole between two sections of tracheal cartilage.
2.1.15. MED: Talent fills a syringe with 37°C warm low melting point agarose
2.1.16. MED: Talent connects the syringe to a flexible plastic cannula and pushes in the plunger slowly until the air is removed from the cannula. 
2.1.17. CU: Talent inserts the cannula into the hole in the trachea and secures it with the thread.
Next, slowly fill the airways with the agarose and observe the lungs: At first the right lung starts to expand, followed by the left lung. After 30 to 40 seconds, the filling is completed and both lungs are inflated to a volume comparable to the in vivo situation, which is about 1.2-2.0 ml depending on gender, age, and weight. 
2.1.18. MED: Talent begins to push in the plunger slowly.
2.1.19. CU: Show the lungs: First the right lung expands, then the left lung. Film until both lungs are appropriately expanded.
Renate Paddenberg: “It is important to inject the agarose fast enough so that it does not solidify during the procedure, but not so fast as to damage the lungs.”
2.1.20. MED: Author interview: Talent looks up from the lab bench, and looking at someone just off camera (interview style) says the above statement.
After the lungs are filled, simultaneously pull out the plastic cannula and ligate the trachea with the sewing cotton to prevent leakage of the agarose. Subsequently, cut the trachea above the ligature and detach the lungs and heart on bloc from the chest. 
2.1.21. CU: Talent pulls out cannula and ligates the trachea with the cotton thread. Show that no agarose leaks out.
2.1.22. CU: Talent cuts the trachea above the ligature.
2.1.23. CU: Talent detaches the lungs and heart and removes them from the chest.
Transfer the organs into ice-cold Hepes-Ringer buffer to solidify the agarose, which happens within a few minutes. 
2.1.24. MED: Talent places the lungs and heart into ice-cold buffer.
While waiting, use superglue to attach a piece of a champagne cork to the specimen holder of the vibratome to act as a skewback for the lung tissue. After the agarose has solidified, separate the individual lung lobes. 
2.1.25. MED over the shoulder: Talent glues piece of champagne cork to the specimen holder.
2.1.26. CU: Show specimen holder with champagne cork glued on.
2.1.27. MED: Talent removes the lungs, heart from the ice-cold Ringers.
2.1.28. CU: Talent separates the cranial lobe of the right lung and the left lung.
Next, superglue one lobe to the specimen holder. To get cross-sections of the small intra-acinar arteries, take the cranial lobe of the right lung and superglue it with the “hilum surface” to the holder. 
2.1.29. MED: Talent selects the cranial lobe of the right lung and orients it properly.
2.1.30. CU: Talent superglues it with the hilum surface to the specimen holder (TEXT: Intra-acinar arteries: Glue “hilum-surface” of cranial lobe of right lung to holder.)
Using a vibratome equipped with a fresh razor blade, slice from the periphery, cutting the lung lobe into 200 μm thick slices. 
2.1.31. MED over the shoulder: Talent sitting at vibratome, cutting 200 µm slices. (TEXT: speed: 12 = 1.2 mm/sec; frequency: 100; amplitude: 1.0)
To get cross-sections of the larger pre-acinar arteries, align the hilum of the left lung with the champagne cork, and glue the lobe in this orientation to the holder … then slice from the periphery.
2.1.32. CU: Talent aligns the hilum of the left lung with the champagne cork and superglues it to the specimen holder (TEXT: Pre-acinar arteries: Align hilum of left lung with champagne cork, then glue lobe to holder.)
For removal of the agarose, transfer the organ sections into a glass beaker filled with about 200 ml of 37°C MEM. Put the beaker into a heating cabinet and bubble with normoxic gas so that the lung sections are slowly moving in the medium. After about 2 hours, the “agarose plaques” filling the airspaces will have been removed from the lung tissue and the sections will have settled to the bottom of the beaker.
2.1.33. MED or CU: Talent transfers the organ sections from the vibratome bath to a glass beaker filled with MEM (if possible, label beaker with “MEM.”)
2.1.34. MED: Lung sections are swimming at the top of the MEM
2.1.35. MED: Talent puts the beaker in a heating cabinet and begins to bubble it with normoxic gas.
2.1.36. CU: Show the lung sections moving in the beaker with the bubbles.
2.1.37. CU: Show the lung sections at the bottom of the beaker (TEXT: 2 hours later)  
Videomorphometric Analysis of Intrapulmonary Arteries of Precision Cut Lung Slices
Authors: If possible, label all flow lines or solution containers as normoxic, U46619, hypoxic, etc. throughout the experiment to orient the viewer.
For videomorphometric analysis of intra-pulmonary arteries, transfer one lung section into the flow-through superfusion chamber, which is mounted on a microscope and filled with 1.2 of ml normoxic gassed MEM. Fix the lung section at the bottom of the chamber with nylon strings connected to a platinum ring. Start perfusing the chamber with normoxic gassed medium.
2.1.38. WID: Talent carrying lung sections in beaker to the lab bench with the microscope on which the perfusion chamber is mounted.
2.1.39. [bookmark: _Ref366661740]MED: Talent transfers one lung section to the chamber which is already filled with MEM. (Do a couple of takes, this will be reused)
2.1.40. MED: Talent takes the ring with the nylon strings with forceps.
2.1.41. CU: Talent anchors the lung section to the bottom of the chamber with nylon strings connected to a platinum ring 
2.1.42.  MED: Talent starts perfusing the chamber with normoxic gassed medium.
Use a phase contrast microscope with a 10x objective to scan the lung section for cross-sectioned arteries with inner diameters between 20 and 100 µm. Once a reasonable candidate vessel is located, use the 20x objective to take a picture of a pre-acinar vessel or - as shown here - the 40x objective to take a picture of an intra-acinar artery for measurement of the inner diameter of the vessel prior to beginning the experiment.
2.1.43. MED: Talent sits down to look through the scope.
2.1.44. SCOPE: Talent scans the section and finds an artery (10x objective).
2.1.45. SCREEN: Talent takes a picture (40x objective)
2.1.46. SCREEN: Talent measures the diameter of the selected artery (TEXT: Baseline inner diameter measurement).
Set up the software to take pictures of the cross-sectioned artery every minute during the entire experiment. After triggering the photography, continue the perfusion of the chamber with normoxic gassed medium for 10 minutes. 
2.1.47. SCREEN: Talent arranges the TimeLaps Recorder software so that a picture will be taken every minute during the normoxic exposure. (If appropriate, add the triggering of the first photo to the end of this screenshot, but you can still include the action in the next shot).
2.1.48. MED: Talent triggers the taking of the pictures and starts the normoxic perfusion of the chamber. (TEXT: flow rate: 0.7 ml/min; 10 min)
Then bathe the lung section in U46619 (pronounced “you four hundred sixty six nineteen”) for 10 minutes without flow to analyse the contractility of the artery.
2.1.49. [bookmark: _Ref365299708]SCREEN: Talent arranges the TimeLaps Recorder software so that a picture will be taken every minute during the incubation with U46619. 
2.1.50. [bookmark: _Ref366661394]MED: Talent triggers the taking of the pictures and applies U46619 into the perfusion chamber (do a couple of takes, will be reused) (TEXT: 0.1 µM U46619; 10 min; no flow)
Using only vessels whose luminal area were reduced by at least 30% with the U46619, wash out the drug with normoxic gassed medium for 10 minutes. Then dilate the artery by application of Nipruss for 10 minutes with no flow.
2.1.51. MED: Talent removes U46619 by restarting perfusion with normoxic gassed medium. (TEXT: flow rate: 6 ml/min; 10 min)
2.1.52. MED: Talent stops perfusion.
2.1.53. CU: Talent applies Nipruss into the perfusion chamber (TEXT: 25 µM Nipruss; 10 min; no flow)
Again, remove the drug with a 10 min wash with normoxic gassed medium at a flow rate of 6 ml/min followed by 10 min at a flow of 0.7 ml/min. 
2.1.54. MED: Talent removes Nipruss by restarting perfusion with normoxic gassed medium.
Next, incubate the lung slice with hypoxic gassed medium for 40 minutes. Also flow the hypoxic gas mixture into the air space of the perfusion chamber via an additional set of tubing. 
2.1.55. MED: Talent switches to hypoxic flow in the chamber. (TEXT: flow rate: 0.7 ml/min; 40 min)
2.1.56. MED: Talent also turns on a flow of hypoxic gas into the air space above the perfusion fluid.
Remove the hypoxic medium with a 20 min wash with normoxic gassed medium and switch from hypoxic to normoxic gas flow into the air space of the chamber. 
2.1.57. MED: Talent turns off the hypoxic perfusion and the hypoxic air flow and turns on the normoxic perfusion and normoxic gas flow. (TEXT: flow rate: 6 ml/min, 20 min)
To check the viability of the vessel at the end of the experiment, apply U46619 into the perfusion chamber and incubate for 20 minutes without flow to induce vasoconstriction. 
2.1.58. Reuse 3.4.2 (TEXT: 0.01 µM U46619; 20 min; no flow)
Repeat these steps with a “fresh” lung section to measure vasoreactivity of another vessel.
2.1.59. Reuse 3.1.2
Analysis of Vasoreactivity and Graphic Presentation
Begin the analysis by loading the images of the cross-sectioned arteries to an image analysis program. Then use a cursor to outline the luminal area of the vessel. The hand drawing is necessary as it avoids artifacts due to, for example, blood cells attached to the vascular wall.
2.1.60. WID: Talent walks to computer and sits down to begin data analysis.
2.1.61. MED over the shoulder: Talent opens file in image analysis program.
2.1.62. [bookmark: _Ref366661976]SCREEN: Talent uses cursor to outline the lumen of the vessel. (If possible, outline a vessel that has a blood cell to show the artifact avoidance.)
Continue to analyse the cross-sectional images in a similar fashion. Every image should be analyzed when one condition in the flow-through incubation chamber is changed to another, but analysing every other image is sufficient when the conditions are not changing. 
2.1.63. SCREEN: Talent uses cursor to outline the lumen of the vessel under changed conditions (try to use an image with a marked constriction or dilation compared to diameter in 4.1.3).
2.1.64. WID: Talent sits back from computer as though finished with the analysis.
3. Results: Hypoxia-induced Vasoconstriction of Pre-acinar and Intra-acinar Arteries 
Hypoxic pulmonary vasoconstriction is observable in these phase contrast images of a cross-sectioned pre-acinar artery which runs in close proximity to a cross-sectioned bronchus. The pictures are taken at the time points indicated by circles in the graph –  at the beginning of the measurement (a) … at the end of the treatment with U46619 (b) … at the end of exposure to Nipruss (c) … after 30 or 40 min in hypoxic gassed medium (d, e) … after washing with normoxic gassed medium (f) … and after the final application of U46619 (g). (Voice Talent: you don’t need to read the “(a)”, “(b)”, etc. in the text; the Video Editor will use them for guidance.)
3.1.1. 01_Figure1A.ppt (Video Editor: 1st sentence: Add title “Large Pre-acinar Artery.” At “cross-sectioned pre-acinar artery,” point to the upper small circle in all the frames (the circle is labeled with a capital “A” in the first frame. At “cross-sectioned bronchus,” point to the larger white circle in all the frames (labeled capital “B” in the first frame).)
3.1.2. 01_Figure1A.ppt & 02_Figure1B.ppt (Video Editor: Keep title “Large Pre-acinar Artery,” and add Fig 1B underneath Fig 1A. Have a double-sided arrow go from the 1A photo to the matching small letter in 1B (i.e., “a” to “a”, “b” to “b”, etc.) as indicated by the “(a)” and “(b)” in the voiceover text.
Vasoreactivity is recorded as relative changes of the luminal area of the cross-sectioned artery against time. The area at the beginning of the experiment is defined as 100%, and vasoconstriction is given as values relative to the initial area. In this case, exposure to hypoxia induces a 60% reduction of the luminal area.
3.1.3. 02_Figure1B.ppt (Video Editor: Keep title “Large Pre-acinar Artery”. Point to the “100” on the left-axis for “defined as 100%.”  Point to the 1st and 3rd dips in the graphed line (~21 min and ~136 min) for the 3rd sentence.)
For a clearer presentation of the hypoxic response, the initial phase of the experiment in which vasoreactivity was tested is not shown here, and the value obtained immediately before exposure to reduced oxygen is set at 100%. 
3.1.4. 03_Figure1C.ppt (Video Editor: Add title “Large Pre-acinar Artery”.  At “hypoxic response,” point to the dip in the plotted points at ~23-39 minutes. At “the value obtained …” point to the “100” on the left-axis.)
The other type of vessels examined in these studies are the intra-acinar arteries, which are located at gussets of alveolar septa. 
3.1.5. 04_Figure2A.ppt: (Video Editor: Add title “Intra-acinar Artery.” Remove the words “normoxia,” “hypoxia,” and “hypoxia + pinacidil” for the moment. Point to the “A” in the first frame in each row at the words “Intra-acinar arteries.”) (TEXT: A = Intra-acinar Artery, Alv = alveolus) 
In this set of experiments the impact of pinacidil (pronounced “pie na zi dil”; pie as in “apple pie”), a non-selective opener of mitochondrial ATP-sensitive potassium channels, on hypoxic pulmonary vasoconstriction of small intra-acinar arteries is analysed. For this purpose, slices are incubated in hypoxic medium in the absence or presence of 50 µM pinacidil. Control incubations are performed in normoxic gassed medium.
3.1.6. 04_Figure2A.ppt and 05_Figure2B.ppt: (Video Editor: Add title “Intra-acinar Artery.” For the 1st sentence: Add double-sided arrows from Fig 2A to Fig 2B from the “a” to “a”, etc. At “hypoxic medium in the absence,” highlight the line with black circles. At “or presence of 50 µM pinacidil,” highlight the line with the grey diamonds. At “normoxic,” highlight the line with open circles. )
For a clearer presentation of the response to normoxia or hypoxia or hypoxia-plus-pinacidil, the values obtained immediately before exposure to normoxic or hypoxic-gassed medium are set as 100%. The artery exposed to pinacidil does not display a decrease in luminal area as does the artery incubated in hypoxic medium without additives. In normoxic medium, no changes in the luminal area are detectable. 
3.1.7. 06_Figure2C.ppt (Video Editor: Add title “Intra-acinar Artery.” At “the values obtained … set as 100%” point to the “100” on the left-axis.)
3.1.8. 06_Figure2C.ppt (con’t): (Video Editor: 2nd sentence: At “does not display the decrease,” point to (or circle) the section of the open diamond line at about 25-30 minutes. At “lung section receiving just hypoxia,” point to the low section of the closed circles line at about 25-30 minutes. At “as does the artery incubated in hypoxic medium without additives,” point to the 25-30 min segment on the black circle line. Final sentence: Point to the 25-30 min segment on the line with open circles.)
The recordings of small intra-acinar arteries exposed to hypoxic gassed medium with or without 50 μM pinacidil are presented as means ± SEM. 
3.1.9. 07_Figure3A.ppt (Video Editor: Add title “Intra-acinar Artery.”  At “with,” point to the line with the grey diamonds. At “without,” point to the line with the black circles.
In this graph the relative data in relation to the value at the beginning of the hypoxic incubation are shown. No vasoreactivity is detectable in the lung slices exposed to hypoxic-gassed medium containing pinacidil. Vasoconstriction induced by U46619 is not affected by the drug.
3.1.10. 08_Figure3B.ppt (Video Editor: Add title “Intra-acinar Artery.”  2nd sentence: circle or point to the relatively flat part of the grey triangle line from the beginning up to ~39 min. 3rd sentence: Point to the sharp falloff of the grey triangle line at 61-63 minutes.
	
4. Conclusion (said by authors on camera)
4.1. Author name Renate Paddenberg: After watching this video, you should have a good understanding of how to prepare murine precision cut lung slices and how to use them for the quantitative measurement of vasoreactivity of small intra-acinar arteries with diameter between 20 and 40 μm which are located at gussets of alveolar septa and of larger pre-acinar arteries with diameters between 40 to 100 μm which ran adjacent to bronchi and bronchioles. 


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, .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.
01_Figure1A.ppt
02_Figure1B.ppt
03_Figure1C.ppt
04_Figure2A.ppt
05_Figure2B.ppt
06_Figure2C.ppt
07_Figure3A.ppt
08_Figure3B.ppt
09_Figure4.ppt

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.
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